3apaHua otbopoyHoro atana OnMmnuagbl WKonbHMKoB CMN6IY no ¢pusmuke 2022-2023 rr.

YuyacTHuMKam otbopoyHoro stana Onumnuagpl no ¢usmke m3 8-10x Kaaccos npeasarancs
BapMaHT, COCTOABWIMMA M3 6 3agay, ydacTHMKam um3 11 Knacca — u3 7. Kaxpaa uv3 3agad
COCTaBNANACb B HECKO/IbKMX Bapuaumax, BbibMpaBluadacs cuctemoi nposegeHmna Oanmnuagbl
cnay4vaiHbim obpasom. [Mpu npoBepKke MNpoBepsAsiacb KOPPEKTHOCTb BBEAEHHOIO B CUCTEMY
YMCNOBOro OTBETa. YacTb 3a4a4 Npeasaraamcb K peleHnIo Y4acTHUKAM pasHbIX Kaaccos. Huxke
B 0603HaYeHMAX 33434 YKa3blBAETCA, y4aCTHMKAM U3 KaKMX KNacCoOB OHW NpeaHa3HavyaInCh.

8 Knacc, 3apava 1, sapmaHt 1

HeBecoMmbili }KeCTKUI CTEPKEHDb ANMHOM L NPUKPENAEH K CTONY NPYKUHKAMM TaK, KaK NOKa3aHo
Ha pUCYHKe. KeCTKOCTb N1eBOM NMPYKUHKM paBHa ki, npaBoi — k. CTep)KeHb TAHYT 3a TOYKy O
BEPTMKA/ZIbHO BBEPX TaK, YTO OH OCTAeTCA OPUEHTMPOBAH MapasnesibHO MOBEPXHOCTU CTOaA.
OnpepennTte pacCcToAHWE OT JIEBOTO KPaA CTEPXKHA A0 Toukm O. OTBET NpMBEAUTE B CAHTUMETPAX.

O

////L////

PeweHune

To, UTO CTepP)KEeHb OCTAETCA OPUEHTMPOBAH NAPANIENbHO NOBEPXHOCTU CTONA 3HAYMUT, YTO OH He
nosopaumnsaetca. CnenoBaTesibHO, CYyMMbl MOMEHTOB MPUIOMKEHHbIX CU/T OTHOCUTENbHO Nt0HOW
M3 TOYEeK Ha CTpexHe paBHbl 0. 1A yaobCcTBa 3anMiLuemM MOMEHTbI CU/1 OTHOCUTENBHO TOYKK O.
3TO NO3BONSET He 3aMMCbiBaTb MOMEHT HEM3BECTHOM MO YCNOBUIO NPUKNAAbIBAEMON CUbI.

O603HaYMM pacCToaHME OT JIEBOTO Kpaa CTepXKHA A0 Touku O Kak L. Mpegnonoxum, 4To

CTEPXEHb CMECTUN Ha paccToaHue Ax BBepX. Toraa MOMEHTbI CUA OTHOCUTE/IbHO TOYKM O:
kilAx = k,(L — 1)Ax
OTKyZa Bblpaykaem uckomoe I:

ka
ky + k;

kll+kzl=k2L =>l=L
Yucnosble 3HaYEHUA U OTBETDI:
L=40cm, k; =10 H/m, k2 = 6 H/m. OTBeT: 15 cm
L=30cm, k; =15 H/m, k2 =10 H/m. OTtBeT: 12 cm

8 Knacc, 3agaya 1, BapmaHrt 2



HeBecomblli pblyar ANMHOM L HacaXKeH Ha ropu3oHTasIbHYI0 OCb B TOYKe O TaK, Kak MOKa3aHo Ha
PUCYHKe, U MOKeT cBO6OAHO BpaLLaTbCA BOKPYr HEE B MIOCKOCTU PUCYHKA. K NpaBomy KOHLUY,
PacrnonoMKeHHOMY Ha paccToAaHun I; OT ocu, noaseleH rpy3 maccoit m;. Cnesa OT ocu Ha
paccToAHUM X OT ToukM O K pblyary npuBsa3aHa HUTOYKA, NPUKpensieHHas K nonay. Cuctema
HaxoauTca B paBHoBecuK. Onpeaennte, Kakylo MakCMMaNbHYO MAccy mz MOXKHO NOABECUTL K
NEBOMY KOHLY CTEPXKHSA, 4yTobbl cMCTEMa OCTaBanacb B paBHoBecuu. OTBeT npuBeaute B

Knaorpammax.

_— _—

PeweHune:

M3HayanbHO MOMEHT CU/bI TAXECTU NPABOro rpy3a CKOMMNEHCUPOBAH CUNOMN HATAXKEHMA
HUTOYKM. Korza K 1eBOMy Kpato NoABELLIMBAETCA FPy3 Mz, HaTAXKEHNE HUTOYKM YMEHbLUAETCS.
EC/IM MOMEHT CU/IbI TAXKECTU NeBOTO rpysa byaeT 60/blie NPaBoro, TO HaTAXeHWe HUTOUYKM
McYesHeT, U pblyar byaeT nosopaymBaTbes. CenoBaTeNbHO, MaKCMMabHas Macca rpysa

onpenenAaeTca paBeHCTBOM MOMEHTOB CU TAXKECTU /1IEBOTO U NMPABOIo rpy3os:

myly
L - ll

my(L— 1) =myly =>m, =

Yucnosble 3HAYEHUA U OTBETDI:
mz=5kr, ;=15 cm, L = 40 cm. OTBeT: 3 Kr

mz=4kr,l1=20cm, L =60 cm. OTBeET: 2 KrI



8 Knacc 3apava 2 BapmaHTt 1

MoAXBayeHHbI BETPOM OCEHHWI NUCT ynan B CUCTEMY KaHanoB. YB/AEKaeMblii TeYeHUEM, OH
ABaXKAbl NepenibiBan U3 0AHOMO KaHana B APYroi, U HaKOHeL, Nonaa B KaHaN3aLUMOHHbIN C/IMB.
OnpeaenunTte, Kakme 13 NPUBEAEHHbIX HUXKE rPadUKOB NPaBUIbHO ONMUCLIBAIOT ABUKEHWE NNCTA
B KaHanax, U paccyntante no HUM CPeaHIO CKOPOCTb ABUMeHua nucta. OTBeT npuseguTe B
M/MUWH, OKpYyrAne Ao 6aunxaiwero uenoro. TeyeHne Bogbl B KaHanax PaBHOMEPHOE, CKOPOCTU
TeYeHMA B pasHbIX KaHanax oTAnYaoTca. Bpems, 3a KOTopoe NIMCT Nepexoan U3 OAHOrO KaHana

B ,u,pyrof/i, MHOIo MeHbLUE BPEMEHU €ro ABNXKEHNA NO CaMUM KaHa/1aM.
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PeweHue:

JIucT gBurKeTCA CO CKOPOCTbIO TeveHus. 1o yCAoBMIO CKa3aHo, YTO IUCT ABaXKbl NepenbiBan us
O4HOro KaHana B Apyrov. Cpeau npeactaBieHHbIX rPaduKoOB 3TUM YCNOBUAM YA0BNETBOPAIOT
rpadukm A n b. F'padmk B HenpaBUAbHbLIN, MOCKO/IbKY Ha HEM M306parkeHa CKOPOCTb, IMHENHO
MeHAWAACA co BpemeHeM. paduk [ HenpasBuIbHLIN, MOCKONAbKY COTNAaCHO €My JIUCT He
ABUranca B TeyeHue 7.5 MUHYT.



CpeaHtoto CKOpoCTb M3 rpadmka A MOXKHO onpeaenunTb, noaenms Becb NyTb (800 M) Ha Bce Bpems
(45 muH):

S 800
vcp = ?

=5~ 18 M/MuH

CpepaHtoto cKopocTb U3 rpadmka b MOXKHO onpeaenunTb Kak:

_ ity + sty vty 3010+ 20+15+10+20 800

= = =~ 18
Vep t, +t, +t5 10 + 15+ 20 45 M/MHH

PasHouTeHUI mexKay rpadmnKamm Her.
Orset: 18 M/MUH
8 Knacc 3apaya 2 BapuaHT 2

MoAXBayeHHbI BETPOM OCEHHWI NNCT ynan B CUCTEMY KaHaNOB. YB/JEKAaeMblii TeYeHNeM, OH
ABaXAbl NepenbiBan U3 04HOIO KaHaia B APYroi, U HAKOHeL, Nonan B KaHa/IM3aLMOHHbIW C/UB.
OnpenenuTte, Kakne U3 NPUBEAEHHbIX HUXKe rpadUKOB NPABUIBHO ONUCHIBAOT ABUKEHUE INCTA
B KaHafNax, U PaccyMTanTe MO HUM CPEOHIO CKOPOCTb ABUMKeHMA nucta. OTBeT npuseanTe B
M/MUH, OKpYyrAne Ao baunxaiwero uenoro. TeyeHne Bogbl B KaHanax paBHOMEPHOE, CKOPOCTU
TeYeHUs B PasHbIX KaHanax OTAnYaloTcA. Bpems, 3a KOTopoe INCT Nepexoaun M3 04HOro KaHana
B APYroM, MHOTO MEHbLLE BPEMEHM ero ABUNKEHUS NO CAMUM KaHanam.
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Orset: 13 M/MUH



8 Knacc 3apava 3 BapmaHnTt 1

YacTtb Nyt Bonoam ns goma [0 WKOAbI Nponeraet no noAsemMHoMy TOHHento. B ToHHene ana
newexoAoB B 06e CTOPOHbI YCTaHOB/IEHbI OA4MHAKOBbIE TPABOATOPbI, NpeAcTaBAAowWwme cobomn
ropu3oHTanbHble HeccTyneHvaTble AOPOXKKN, ABUNKYLLMECA C NOCTOAHHOM CKOpOCTbo. O6bIYHO
BonogAa naet no TpaBosaTopy B CMOKOMHOM TEMME M TPATUT HA npoxoa 1 muHyTy. Kak-To pas,
npeofoneB TakMm ob6pa3om TpeTb A/IMHbI TpaBoaaTopa, Bonogsa sBcnomHun, yto 3abbin goma
CNOPTUBHYIO GopMy ANnA GU3KYNbTYPbI, Ppa3BepHYAcA U nobexxan o6patHo. Coiiana c TpaBonaTopa
M OTAblWaBWMKCb, Bonoaa npukuHyn, 4yto ecam Obl OH gowen B TOM Xe Temne [0 KOHUQ
TPaBO/IAaTOPa, @ 3aTeM MnepeLles Ha COCeaHWUN, ABUNKYLLMIACA B 0BPaTHYKO CTOPOHY, U wWen no
Hemy B CNOKOMHOM TeMre, TO OKa3asnca bbl y BbiIxoaa Bcero Ha 21 cekyHay no3xe. Onpeaenute
AJIVHY TPaBONaToOpa, eCv U3BECTHO, YTO XoaAMUT Bonogs co ckopocTblo 85 M/MuUH, a beraet — ¢
166 m/MmuH. OTBET NpMBEANTE B METPAX, OKPYIANB A0 Lenoro Yymcna.

PeweHue:
0603Ha4YMM CKOPOCTb TPABONATOPA KakK V. CKOPOCTb ABMXKEHUA Bonoam B 06bIYHbIN AeHb
(oTHOCUTENbHO TOHHENA):

vo+vg =L/t
MycTb t,, — Bpemsa, KoTopoe Bonoasa 6exkan no Tpasonatopy. Ckopoctb Bonoau, Koraa oH bexxan
NPOTUB ABUXKEHUA (OTHOCUTENLHO TOHHENSA):

vg — vy = L/3t,
Bocnonb3yemca ycnosmem, 4to ecm 6bl Bonoaa aowen Ao KOHLA TPaBoAaTopa NEWKOM U

nepewlen Ha cocegHUn, To OH 3aTpaTua 6bl Ha t, MUHYTbI 6onbLue:

5
§L = (v + vp)(ty + t2)
Bbipasmm M3 3TOro ypaBHeEHUA vy + Vg = > ¥ NOACTaBUM B NepBoe:
3 (txtt2)
5 L L 5t1 - 3t2
3 (tx + tz) t1 3
Tenepb CNOXUM NepBoe ypaBHEHNE CO BTOPbIM:
L 3ty t,
Vp+vp=—+—=>L=—"—(vg + vy
BTYB T ¢ T 3¢, 3tx+t1(B )

MopcTaBmB BblpaXkeHue ana t,, NoayYyeHoe Bbile, Hangem L:
_ (vp + vg) (5t — 3t,)4

L
6t1 - 3t2

OteeT: L =200 m

8 Knacc 3agava 3 BapmaHT 2

Yactb Nyt Bonoan n3s goma [0 WKOAbI Nponeraet no nog3eMHoOMy TOHHeNto. B ToHHene gna
newexoAoB B 06e CTOPOHbI YCTaHOB/IEHbI OA4MHAKOBbIE TPABOATOPbI, NpeAcTaBaAowme cobomn
rOpU30oHTaNbHble 6eccTyneHYaTble AOPOMKKN, ABUNKYLLMECA C NOCTOAHHON CKOPOCTbi0. OBbIYHO
BonopgAa naet no TpaBonatopy B CNOKOMHOM Temne M TPaTUT Ha NpoxoA, 1.2 muHymel. Kak-To pas,
npeogones Takmm obpasom TpeTb ANAMHbBI TPaBOsATOpa, Bonoasa scnomHuA, 4To 3abbin goma
cnopTueHyto dopmy Ana GU3KyNbTypbl, pa3BepHyacs n nobexan obpatHo. Conaa c TpaBonatopa



M OTAbIWaBLWMKCb, Bonoas NpUKUHYA, 4To ecnm Obl OH Aowen B TOM e Temne A0 KOHUA
TpaBo/iaTopa, a 3aTem Mepellen Ha CoOCeAHUN, ABUKYLLMIACA B 0OpaTHYIO CTOPOHY, U LWea Mo
HemMy B CMOKOMHOM TeMne, TO OKa3asca 6bl y Bbixoga Bcero Ha 30 ceKyHO nosxke. Onpeaenute
AIMHY TpaBoAaTopa, eCciv U3BECTHO, YTO XoauT Bonoasa co ckopocTbio 70 m/MuH, a 6eraet — 120

m/muH. OTBET NpuBeanTe B METPax, OKPYrInB 40 LEe/oro Yncaa.

OtBet: L =180 m



8 Knacc, 3apava 4, 9 knacc 3agava 1, sapuant 1

MNapadunHoBas UMAMHAPUYECKAA CBEYKA C MPUKPENIEHHOM K HEM CHU3Y a/IloOMUHMEBOM LWaibo
nnasaeT B 6accenHe (CM. pUCYHOK). [lnameTpbl CBEYKM U Walibbl 04MHAKOBbI, BbICOTA CBEYKM —
Hy, BbicoTa Waiibbl — ho CBeYKy noaKuratoT U HabntoaatoT 3a ee ABMKeHMeM. Popma cBEYKM Npw
3TOM OCTaeTcA UMAMHAPUYECKOM, €e BbiCOTa YMEHbLUAeTCs CO CKopocTbio ¢ mm/c. Yepes
HeKoTopoe Bpemsa typ BEPXHAA FPaHb CBEYKM OKa3blBAETCA BPOBEHb C BOAOM, U PUTUAL NOTYXaeT.
OnpeaennTte Bpems to. MMNOTHOCTb NapadurHa Pn, NIOTHOCTb BOAbI Pg, NNOTHOCTb ANOMUHUA Paj.

C‘-WIT&VITE, 4YTO CBEYKa nepemellaeTca B Boae measeHHO n C NOCTOSAAHHOM CKOpPOCTbHO.

PeweHune

O603HauMm 3a H(t) 3aBMCMMOCTb BbICOTbI CBEYKM OT BpemeHu. CornacHo yc/loBMIO, OHa

N3MeHAETCA KaK:
H(t) = HO —ct

O603HaunMm 3a h(t) Ty 4acTb BCEM KOHCTPYKUUM (CBEYKa+Lwwanba), KoTopas B AaHHbIA MOMEHT
norpy*keHa B Boay. Toraa, CunTas, YTo CBEYKA ropuT MeasIeHHO, B KaXKAblii MOMEHT BPEMEHM
MOXHO 3anucaTb CaefyloLLee BblipaxKeHue:

Mang + my(t)g = pgSh(t)

panhO + an(t) = th(t)

B momeHT BpemeHu tp CBEYKa yXO04MT No, BOAY. 37O O3HA4YaeT, YTO B 3TOT MOMEHT BbICOTA
norpymeHHoﬁ 4aCTn paBHa Cymme BbICOT OCTaBLUEMNCA YacTM CBEYKM U LLaAnbbI:

h(to) = ho + HO — CtO
OTKyAa nonyyaem:
Parho + pn(Ho — cty) = py(hy + Hy — cty)

(paﬂ - pB)hO + (pn - pB)(HO - CtO) =0
Pan — Ps

(Hy —cty)) =———h
° ° Ps ~ Pn °

1 Pan — Ps
to = (Ho =222y
° ¢ ° Ps ~ Pn °



Yucnosble AaHHblIEe N OTBETbI:

1. Ho=20cm, ho=1 cm, ¢ = 0.3 mm/c, pr = 900 Kr/m3, pe = 1000 Kr/m3, pas.= 2700 kr/m3. OTserT:
100 c.

2. Ho=40cm, ho=2 cm, ¢ = 0.2 mm/c, prn = 900 Kr/m3, ps = 1000 Kr/m3, pas.= 2700 kr/m3. OTBeT:
300 c.

8 Knacc, 3agayva 4, 9 Knacc, 3agava 1, sBapmaHr 2

MapadmHOBaA LMAMHAPUYECKAA CBEYKA BbICOTOM Hp M NNOLWAAb0 OCHOBAHMA S MiaBaeT B
6acceliHe. CBeYKa NpuKpenseHa K noay b6acceiHa NPYKUHKOWM C KECTKOCTbO K (CM. PUCYHOK).
CBeyky NnoaKuratoT n HabnoaatoT, Kak ncnapaetca napadmH. Popma CBEYKM NPM 3TOM OCTaeTcA
UMMHOPUYECKOW, ee BbICOTa YMEHbLIAEeTCA CO CKOPOCTbio € MM/c. Yepes HekoTopoe Bpems to
BEPXHAA rPaHb CBEYKM OKa3blBAETCA BPOBEHb C BOAOM, MU GUTUAb NoTyxaeT. Onpeaennte spemsa
to, €Cn M3BECTHO, YTO PACTAKEHWE MPYXKMHbI B 3TOT MOMEHT coctasasano Ax. MAoTHoCTb

napaduHa pn, NNOTHOCTb BOAbl Pe. CUMTANTE, YTO CBEYKA OMYCKAeTCA B BOAY MEAJIEHHO U C

Q

NOCTOAHHOM CKOpPOCTbIO.

k

—

PeweHune

0603Ha4YMM 3aBMCMMOCTb BbICOTbI CBEYKM OT BPEMEHM Kak H(t). Mo ycnoBuio oHO aaeTtcs
BblpaXKeHnem:

H(t) =H0_Ct

0O603HauYnMm 3a h(t) 3aBUCUMOCTb OT BPEMEHMW BbICOTbI MOFPYKEHHOM YacTu cBeYKU. Mo ycnoButo
CKa3aHO, YTO CBEYKA OMYyCKaeTCA MeAIEHHO M C MOCTOAHHOM CKOPOCTbIO, MOSTOMY BTOPOW 3aKOH
HbtoTOHa MoXKeT BbITb 3anNMCcaH Kak:

mg + kAx = p,gh()S => p,H(D) + %5 = p,h(2)

B momeHT BpemeHU tp cBeYKa yXxoauT noja Boay. 37O O3Ha4YaeT, YTO B 3TOT MOMEHT BbICOTA

NOrPy»XeHHOM 4acTh paBHa BbICOTE OCTaBLLENCA YAaCTU CBEYKM:
h(ty) = H(ty) = Hy — cty

MoacTaBnAsem BO BTOPOW 3aKOH HblOTOHa Y HaxoguMm:



kAx kAx
pn(Hy — cty) + E = ps(Hy — cty) => (py — ps)(Hy — cty) = ———

Sg
1 kAx
(Hy—cty) = ——m-—
O T (py—po) Sg
- 1 (H 1 kAx)
0 c 0 (pB - pn) Sg

Yucnosble gaHHbIe N OTBETbI:

1. Ho=40cm, S =0.05 M?, k =50 H/m, ¢ = 0.4 mm/c, Ax = 10 cm, pn = 900 Kr/m3, ps = 1000 Kr/m3,
g =10 m/c?. OTseT: 750 c.

2. Hp=50 CM, §$=0.05 N\z’ k=100 H/M, c=04 MM/C, Ax =20 CM, P = 900 KF/M3, Ps = 1000 KI'/M3,
g = 10 m/c?. Oteer: 250 .



8 Knacc, 3apgava 5, 9 Knacc, 3apgava 2, sapmaHt 1

JKCnepuMeHTaTop HarpesaeT BOAY B ABYX OAMHAKOBbIX CTAaKaHaX C MOMOLLLbIO ABYX OAMHAKOBbIX
HarpeaTenel. Ha pucyHKe nsobparkeHbl NOCTPOEHHbIE MM rpadUKM 3aBUCMMOCTM TEMMEPATYpPbI
BoAbl B cTakaHax N2 1 u Ne 2 oT BpemeHW. Hangute oTHoweHue obbemoB Boabl V2 K Vi.
MoLHOCTN HarpeBaTenen cuMTanTe NOCTOAHHbIMK, TENAONOTEPSMU U TENTOEMKOCTbHO CTAaKaHOB
npeHebpeyb. MNpuBeaunTe OTBET, OKPYFIMB A0 LEN0ro YMCna.
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PeweHue:
3anuwem ypaBHeHue TennoBoro 6anaHca gna KMAKOCTM B cTakaHax Nel u Ne2, o603Haums
MOLLHOCTb HarpeBsa KaK P 1 BbIpa3nB MaccCy XMAKOCTU KaK Npon3BeseHne NJIOTHOCTU P Ha
obbem V:

PAt, = cpV AT,

PAt, = cpV,AT,
Pasgennm BTOpoe ypaBHeHMe Ha nepBoe:

At, VAT, V, ATAL

At,  VIAT, ~ V,  AT,At,
N3 rpadukos onpeaenmm (Hanpumep), uto AT; pasHo 2 knetku (10 °C) npu At; = 2 KneTkum (1

MuHyTa), a AT, pasHo 1 KkneTka (5 °C) npu At, =2 knetku (1 MuHyTa). 3aMeTUM, YTO EAMHULbI
N3MEepPEHUA N LieHa AeNeHna ocelt rpaduKa He BaXKHbI, T.K. OHM COKpaLLLatoTcA Npu NoACcTaHOBKe
B OTHOLIEHWe 06beMOB.

Oteer: V,/V, =2
8 Knacc, 3agaua 5, 9 Knacc, 3agaua 2, BapmaHT 2

3KcnepmmeHTaTop Harpesaet ABa OAMHAKOBbIX CTaKaHa C NOMOWbIO ABYX OAWNHAKOBLIX

HarpesaTesieii. B oA4HOM M3 CTaKaHOB Haxo4MTCA PacTUTE/NIbHOE Macno, B Apyrom — Boaa. Ha



PUCYHKe M306paKeHbl NOCTPOEHHbIE MM TpadUKM 3aBUCMMOCTU TeMnepaTypbl XKUAKOCTEN OT
BpemeHu. HalianTe oTHOLIEHWEe Maccbl Mac/sia K macce BoAbl. MOLWHOCTU HarpeeaTenemn cuntante
NOCTOAHHbIMM, TENAOMNOTEPAMM B OKPYXKAWOLWYK Ccpeay W TenJ0eMKOCTAMM CTaKaHOB
npeHebperuTte. YaenbHble TENN0EMKOCTU BOoAbl U Mmacsa paBHbl 4200 Ax/kr-°C u 1680 Ox/Kkr-°C,
cooTBeTCcTBEHHO. OTBET NpPUBEAMUTE, OKPYIANB A0 LEeN0ro Yncna.
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PeweHue:
3anuwem ypaBHeHue TennoBoro 6anaHca gna macna u Bogbl 0603HAYMB MOLLHOCTb Harpesa
Kak P:
PAty = cyymy ATy
PAtg = cgymgATy
Paspenum nepsoe ypaBHEHME Ha BTOPOE:
Aty cymyATy  my  cpATpAty

Aty cgmpATy  ~ mp  cyATyAtg
N3 rpadumkos onpeaenmm (Hanpumep), uto AT, pasHo 5 kneTok (25 °C) npu Aty = 4 kneTku (2
MUHyTbI), a ATy pasHo 1 Knetka (5 °C) npu Atg = 2 kneTku (1 MuHyTa). 3aMeTUM, 4TO eANHMULbI
N3MEepPEHUA 1 LLeHa AeNeHna ocelt rpaduKa He BaXKHbl, T.K. OHM COKpaLLLatoTCcA Npu NoACTaHOBKe
B OTHOLIEHMe 06bemoB. MoACTaBUM 3TU 3HAYEHUA N BEIMUYNHDBI TENIOEMKOCTEN:

my  4200-1-4
mg  1680-5-2
Oteetr: my/mp =1
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3KcnepumeHTaTop pa3bupan cBom CTapble 3aMeTKU U Hawen rpadmK 3aBUCMMOCTU TEMNepPaTypbl
BOZbl OT BpemMeHU. [lomornte emy onpesenntb, KAKOW NPOLEHT XUAKOCTU BbIKMNEN 32 MHTepBan
BPEMEHM, OTMEYEHHbIN BEPTUKAZIbHbIMU IMHUAMMWU. M3BECTHO, YTO MOLLHOCTb HarpeBaTena bbina
NOCTOAHHOW, YyAenbHas TennoemkocTb Boapl ¢ = 4200 [Ax/kr-°C , yaenbHaa TensioTa
napoobpasosaHua L = 2,3+ 10° [x/kr. OTBeT npusBeauTe B NPOLEHTAX, OKPYIIMB 4O LEesoro
yucna.
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PeweHune:
3anuwem ypaBHeHMe TensoBoro 6asaHca Ana npouecca UcnapeHusa 1 NpoLecca Harpesa BoApl,
0603Ha4YMB MOLLIHOCTb Harpesa Kak P:

PAt; = LAm

PAt, = cmAT
Pasgennm nepsoe ypaBHeHMWe Ha BTOpoe:

Aty L Am

At,  cAT m
Bbipasum Am/m :

Am  cAT Aty

m L At,

Moactasum Aty = 3 muHyTbl, n At, n AT, HangeHHble no rpaduKy. Myctb At, = 2 MUHYTbI N

AT = 50°. Toraa %ﬂ = 0,1369. NepeBeaem B NPOLEHTbI U OKPYIINUM A0 Lenoro ymcna — 14%.

OtserT: 14%

8 Knacc, 3agaya 6, 9 Knacc, 3apgava 3, BapmaHT 2



AHA BbINONHAET NabopaTopHyO PaboTy MO OXNAXKAEHUIO BOAbl U CTPOUT rpaduK 3aBUCMMOCTH
TemnepaTtypbl OT BpeMeHU. [lomornte e paccuymtaTb Ha OCHOBE MOJIYYEHHbIX AAHHbIX, Kakas
YacTb BOZAbl NPEeBPATMIACL B el K KOHLY U3MepeHnn. M3BeCTHO, YTO MOLLHOCTb TEMN/00TBOAA
6blla MOCTOAHHA, yAenbHas TenaoemkocTb Bogbl ¢ = 4200 Ox/Kr-°C, yaenbHaa TensioTa
nnasnenva nbga A = 3,4 - 10° [Ik/kr. OTBET NpuUBEAUTE B MPOLIEHTAX, OKPYI/UB A0 BAVKaiiLLero

uenoro.

|
1, °C A

...
e
S

Cn
S

=N
<

S| S

O

PeweHue:
3anuwem ypaBHeHue TennoBoro 6anaHca oA 3amep3aHMa U OXNaxKAeHUs BoAbl, 0603HAUYMB
MOLLHOCTb Harpesa Kak P:
PAt; = —AAm — KonnyectBO TENNOTbl, BblAeNAOWeEecA NpyU 3amMep3aHMM maccbl Abga Am,
PAt, = cmAT — Konn4yecTBo TennoTbl, BblAeNsAoWeeca Npu OxXNaxKAeHun Boabl. MOCKONbKY
KOHEeYHaA TemmnepaTypa MeHblle Haya/lbHOW, TO 3Ta Be/IMYMHA oTpuuaTenbHasa. Pasgenum
nepBoe ypaBHEHWE Ha BTOPOE:

Aty —A Am

At, cAT m

Am
Bbipasum nckomoe spems o

Am cAT Aty

m 1 At
MNogctasum At; = 3 muHyTbl n At, n AT, HangeHHble no rpaduKy. Myctb At, = 2 MUHYTbI U

AT = —40°. Torpa %n =74 %

OtBeT: 74 %



9 Knacc, 3agava 4, 10 knacc, 3agava 1, sapmaHt 1

MeLOoK C NeCKOM CMyCKatoT N0 HaKNOHHOM MNOCKOCTU, COCTOALLEN U3 ABYX MPAMbIX CETMEHTOB,
MMeIoLMX PasHbI/ Yron HaK/IOHa K FOPU3OHTY — NepBblli U3 HUX Bosiee KpyToW, Yem BTOPOWA.
Mepexon Mexay CermeHTamMu NNaBHbIM, ero ANMHA MHOFO MeHblue ANMHbI KaXk4oro us
cermeHToB. OnpeaennTte, Kakne U3 rpadpuKoB, NPEACTaBAEHHbIX HUXKE, KOPPEKTHO OMUCHIBAKOT
ABUXKEHME MeLlKa, U onpeaenuTe No HUM CPeaHIol CKOpPOCTb. MeLWoK CKoNb3uT 6e3 TpeHus,
pasmepamum meLlKa npeHebpernte. OTBET NpuBeanTe B M/C, OKPYrnnB 0 baunKailuero uenoro.

A) b)
: : . : , 4
14
35
(o]
© 12 3
=10 2,5
a o
5 : 2
a 6 @
2 g 1°
O 4 S 1
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2 05
0 : : : 0
0 2 = 6 8 10 0 2 2 6 8 10
Bpem4, ¢ Bpem4, ¢
B) N 2— |
|
L o™
€0 o 187 : 1
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g4 g 16 |
I |
C g_ 14 [ : 1
o I
20t 1 é 19t : ]
|
1t i 1
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0 2 4 6 8 10 0 2 4 6 8 10
Bpemsg, ¢ Bpewms, c
PeweHue:

Mo ycnoBUIO CKa3aHO, YTO MeLOK aAsukeTca 6e3 TpeHusa. CnegoBaTenbHo, OH byaeT ABUraTbea
PaBHOYCKOPEHHO, 3HayeHWe YycKopeHue OyaeT paBHO MNPOEKUUU YyCKopeHua cBOBOAHOrO
naZleHMA Ha NJIOCKOCTb, NO KOTOPOW ABUXKETCA MeLIOK. [TOCKONbKY CErMEHTOB NJIOCKOCTU ABa, TO
OyfeT ABa yyacTKa ABUMMKEHWMA, MO KaXKAOMY M3 KOTOPbIX MELIOK ABUMKETCA C MOCTOAHHbLIM
YCKOpPEeHUeMm. ITOMY YC/I0BMIO COOTBETCTBYIOT rpadunkmn A nl. N'paduk b HeBepHbIN, NOCKObKY OH
MOKa3blBaeT MEHALWEeeca CO BpemeHem ycKopeHue. paduk B HeBepHbI, MOCKONAbKY OH
MOKa3bIBAET, YTO NPOMAEHHBIM MELIKOM MyTb BO BPEMEHEM PACTET JIMHEWNHO, T. €. PABHOMEpPHOE

ABUXXeHune.

ns rpad)vn(a Ano yrny Hakz1iloHa MOXXHO HaNTN 3HaYEeHUSA YCKOPEHNA MELLKA Ha Pa3HbIX CermeHTax,

OHM paBHbl 2 1 1 M/c?, COOTBETCTBEHHO. 3HAYEHUA YCKOPEHUI M OTPE3KU BPEMEHWN B TOYHOCTU



coBnagatoT ¢ rpadmkom I, MOITOMY aHaNM3 KaXKAOro M3 HWUX [ACT OOAMHAKOBblE 3HAYEHUA
cpepHe CKopocTy.

Haliaem cpeaHIoo CKOpOCTb:

S S48, lajt?+2a1tity+at; 1242 +2x2%4x6+1*62
Vp =T = == == =8.2M/c
t ti+t, 2 t, +t, 2 446

OTBeT: 8 M/cC
9 Knacc, 3agava 4, 10 Knacc, 3agava 1, sapmaHt 2
BapuaHT 2

MeLOoK C NeECKOM CMYCKaloT MO HaK/IOHHOM NIOCKOCTU, COCTOALLEN U3 ABYX NPAMbIX CEFMEHTOB,
UMEIOLLMX Pa3HbIM Yron Hak/oHa K TOPU3OHTY — NepBbid U3 HUX Bonee KpyTol, Yem BTOPOIA.
Mepexon mMeXay CEermeHTamu NNaBHbIA, €ro AJ/MHA MHOTO MEHblUe AOJ/IMHbI KaX4oro us
cermeHToB. OnpegennTe, Kakue 13 rpaduKos, NPeacTaBAEHHbIX HUKE, KOPPEKTHO OMUCHLIBAIOT
OBUMKEHWE MELLKa, U NOo onpeaennTe no HAM CPeAHIO CKOPOCTb. MeLLOK CKONb3UT 6e3 TpeHus,
pasmepamu meLlKa npeHebperute. OTBET NpuBeanTe B M/C, OKPYrAnB 40 6aunKalluero uenoro.
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Bpewms, ¢ Bpems, ¢
PelweHue:

Mo ycnoBuIo CKa3aHO, YTO MeLIOK ABUXKEeTCA be3 TPEeHUA. CnepoBaTtenbHoO, OH 6YAET ABUIaTbCA

PaBHOYCKOPEHHO, 3HauyeHWe YyCKopeHue 6yaeT paBHO MNPOEKUUM YCKOpeHMAa cBOBOAHOrO



naZeHuaA Ha NI0CKOCTb, NO KOTOPOM ABUXKETCA MeLIOK. [TOCKONbKY CEerMEHTOB N0CKOCTU ABa, TO
byaeT ABa ydyaCTKa OBUMMKEHUSA, MO Ka)KAOMY M3 KOTOPbIX MELIOK ABUMKETCA C MOCTOAHHbIM
yCKOpeHneM. ITOMY YCI0BUIO COOTBETCTBYIOT rpadukm B n . Fpaduk A HeBepHbII, MOCKONbKY OH
NOKa3blBaeT MEHSAIOWEECA CO BpemeHem YycKopeHue. paduK B HeBepHbIA, MOCKONbKY OH
NOKa3bIBaET, YTO MPOMNAEHHbBIM MELIKOM MYyTb BO BPEMEHEM PACTET IMHENHO, T. €. paBHOMEpPHOoEe

OBUMKEHME.

M3 rpadmKa A no yrny HaKNOHA MOXKHO HATU 3HAYEHUA YCKOPEHMA MELLKA Ha Pa3HbIX CErMEHTaXx,
OHM paBHbl 3 1 1 M/c?, COOTBETCTBEHHO. 3HAYEHUA YCKOPEHUI M OTPE3KM BPEMEHWN B TOYHOCTU
coBnagaoT ¢ rpadmkom I, MOITOMY aHaANM3 KaXKAOro M3 HWUX AACT OAMHAKOBbIE 3HAYEHUS

cpefHen CKOPOCTH.
Halgem cpeaHtot CKOPOCTb:

S S +S, lajt?+2a1tit, +axt? 13«12 423 1x4+ 1 %42
Vep =7 = == == ~ 4.3 M/c
t ti+t, 2 t, +t, 2 1+4

OTBert: 4 m/c



9 Knacc, 3agada 5, 10 knacc, 3agava 2, sBapmaHt 1

dneKTpuyeckuii Nnpmbop, BONbT-aMNepHan XapaKTepUCTUKa KOTOPOro n3obpaxkeHa Ha PUCYHKe,
NOAKNIOYEH B UMb MOCTOAHHOrO TOKa. HalguTte TOK, npoxoasawmin depes npubop, ecam
W3BECTHO, YTO MM NoTpebnaeTca molwHocTb B 540 BT.

120

110
100 ~

20
80 -

L~
< 70 7

60
50

40 /
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o 1 2 3 4 5 6 7 8 9 10

U, B

PeweHue:
Mpnbop notpebnaet mowHocTb B 540 BT, noatomy ansa npnbopa cnpaBeaIMBo BbipaxkeHue: [ *
U = 540.

CocTaBUM ypaBHEHWE A1 NepPBOro IMHEMHOIO y4acTKa BO/IbT aMMePHOM XapaKTepUCTUKM BUAA
y1 = kq * x1. Monyuum: y; = 30 * x;.

W nna BToporo y4acTka Buaa y, = k, * X, + b no ABym To4Kam c KoopanHaTamu (2, 60) u (6,
90):

{60=k2*2+b
90 = k, * 6 + b,

{b=60—k2*2
b=90—k,*6,

60—k, *x2=90—k, *6,
k, * 4 = 30,
k, =175,
Hagem aanee b 1 nony4ymm ypaBHeHuMe ANs BTOPOro yyacTka: y, = 7,5 * x, + 45.
Takum 06pa3om BONbT aMNepPHasa XapaKTEPUCTUKA COCTOUT U3 ABYX IMHENHbIX Y4aCTKOB:

{ y=30*x,0<x<?2
y=75*xx4+452<x <8,

Takum obpa3om nosyvyaem ABe CUCTEMbI YPaBHEHWUI:



U - 540
T
1=30xU,
12 =30 %540 = 16200,
I ~+127,

OuyeBMAHO, AaHHbIe 3HAYEHUA TOKA He YA,0BNETBOPAIOT NPeACTaBAEHHON BO/IbT aMNepHOM
XapaKTepucTMKe. M BTOpan cMCTeMA YPOBHEN:

540

T
[ =75%U + 45,
7.5 % 540
="

45,
i +

I2 —45%] — 4050 =0,

D = (—45)2 — 4-1-(—4050) = 2025 + 16200 = 18225,

45 — 18225
hETer T
45 + V18225
b

Takum obpazom nonyyvaetca I = 90 A.

Omeem: I = 90 A.



9 Knacc, 3agada 5, 10 knacc, 3agava 2, BapuaHT 2

dneKTpuyeckuii Nnpmbop, BONbT-aMNepHan XapakTepUCTMKa KOTOPOro n3obpaxkeHa Ha PUCYHKe,
NOAKNIOYEH B LEMNb MOCTOAHHOrO TOKa. Halgute HanpsxeHwe Ha npubope, ecam um
noTpebnaetca mowHoctb 840 BT.
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U, B

PeweHue:

Mpubop notpebnaet mowHocTb B 840 BT, nostomy ans npmubopa cnpaBeasiMBo BblpaxeHue: [ *
U = 840.

CocTaBUM ypaBHeHWe A1 NepBOro IMHEMHOrO y4acTKa BO/IbT aMMepPHOM XapaKTepUCTUKM BMAA
y1 = kq * x1. Nonyuum: y; = 10 * x;.

W pns BTOpoOro yyactka Buaa y, = k, * x, + b no gBym To4Kam ¢ KoopauHatamu (5, 60) u (6,
90):

{60=k2*5+b

90 =k, * 6 + b,
{b=60—k2*5
b=90—k, *6,

60_k2*5=90_k2*6,
kz = 30,
Haltoem panee b v nonyymm ypaBHeHue aaa BTOPOro yyactka: y, = 30 x x, — 90.

Takum 06p830M BOJIbT aMmnepHaAa XapakTepuUCTnKa COCToONT U3 ABYyX NINHENHBbIX Y4aCTKOB:

{ y=10xx0< x <45



Takum 06pa3om nosyyaem ZBe CUCTEMbI YPABHEHWUIA:

[ 840
{ U
I=10xU,
U? = 84,
U = 19,
M BTOpas cuctema ypoBHeil:
[ 840
{ U
I =30xU—90,

30U% — 90 = U — 840,
D = (-90)? — 4-30-(—840) = 8100 + 100800 = 108900,

" 90 — /108900 _ .
1= 2 % 30 -

90 ++/108900 _ ;
2 2 %30 B

Takum obpasom nonyyvaetca Habop Hanpaxeuun: U = +9,—4,7 B. BonbT-amnepHoi
XapaKTepuctuke yaosneTsopsaeT 3HadeHne U = 7 B.

Omeem: U = 7 B.



9 Knacc, 3agada 6, 10 Knacc, 3agava 3, sBapmaHt 1

[Ba LUMAMHAPUYECKUX COODLLAIOLWMXCA COCyAa C NIOWAAAMMU OCHOBaAHUM S1 U Sz 3ano/IHEHbI
BOAOW (nnoTHOCTb P). B Kakaom cocyse Ha NOBEPXHOCTM BOAbl HAXOAWUTCA MO HEBECOMOW
nnatdopme, NIOTHO NPUIETAOLLEN K CTEHKAM cocyaa. Ha Kaxgoi nnatdopme ycTaHOBAEHO MO
HEBECOMOW MPYXKUHE C OANHAKOBbIMM KECTKOCTAMM k 1 annHamu Lo. Ha npyuHy Ha nepsoi
nnatbopme Knagyt rpys maccoi Mi. Onpepenute, rpy3 Kako maccbl M2 HaZlo MONOXWUTb Ha
NPYXMHY Ha BTOpOW nnatdompe, 4Tobbl 06a rpy3a OKasanAUcb Ha ofHoi BbicoTe? OTBET
npuseguTe B KMAOrPamMmax, OKpyriMe Ao 6auKanwero uenoro. [lonoxeHue rpysos
OTCUYMTHIBAETCA NO UX HUXKHEN NOBEPXHOCTU. YCKOpeHUe cBO60AHOr0O NageHmA NPUMUTE PaBHbIM
g. Cunamum TpeHuA npeHebpernTe, NPy*KMHbI BCErAa OCTalOTCA BEPTUKAIbHBIMM.

Ml MZ
k § ____________ k
S, s,

PeweHwne:

MpyXKnHa JaBuUT Ha NaaTGOpPMy C TOW XKe CUIOM, YTO U TPy3 AABUT Ha NPYXKUHY. MosTomy ans

TOro, YTOObI NMOHATb, KaK USMEHUNTCA NON10KeHUne I'IJ'IaTd)OpM, NPYXWUHbl MOXXHO HE YYUTbIBATb.

Myctb H1 1 H2 - 370 BbICOTbI NNaTPOPM Haj AHOM CTaKaHa, Toraa cnpaBea/iMBO COOTHOLIEHME:

Mg M,g
H, + —— = pgH, +
pgt, S, pgt,; S,
Torga pasHuua BbICOT NaaThopm
1/M, M,
TR p\s, s

Myctb L1 n L2 - 3TO AAWHbBI NPYXWMH NOCAE TOTO, KaK Ha HUX NOJIOXKUAN rpy3bl. 1A NPYXUH MOXKHO

3anMcaTb COOTHOLLEHNA
Myg = k(Lo — Ly)

M,g = k(Lo — L)

Mg
bi=lo===

M,g
L2=L0_ k

Ycnosue, 4to rPy3bl HAX04ATCA Ha O,CLHO[/JI BbICOTE, 3aNMNLLIETCA KaK



H1+L1:H2+L2

OTKyAa
g
Hi—Hy =L, - L, =E(M1_M2)

anIpaBHMBaﬂ ABa Bblpa*XeHnA ANA pa3HULbl BbICOT, NOJly4aem

s = (i o)
M |=+—) =M |-+—
1(lc_i_pS1 2 k+p52

N otBeT

Mo = M S, pgS, +k
2 1S, pgS, +k

Ha6opbi unucen u otseTbl:
$1=0.2 Mm% S =0.1 m?, p = 1000 kr/m3, k = 1000 H/m, M1 = 8 Kkr, g = 10 m/c?> => M = 6 Kr
$1=0.3 Mm% S5, =0.2 Mm%, p=1000 Kkr/m3, k= 1000 H/m, M1 =9 Kr, g = 10 m/c? => M, = 8 kr

$1=0.3 Mm% S, =0.1 m?, p=1000 kr/m3, k =1000 H/m, M1 = 24 kr, g = 10 m/c? => M, = 16 Kr



9 Knacc, 3agadva 6, 10 Knacc, 3agava 3, BapuaHT 2

[Ba UMAMHAPUYECKUX COOBLLAIOWMXCA cocyAa C NAOWAAAMU OCHOBAHUI S1 U Sz 3ano/IHEHbI
BOAOW (NNOTHOCTb P). B Kakaom cocyse Ha NOBEPXHOCTM BOAblI HAXOAWUTCA MO HEBECOMOW
nnatdopme, NJAOTHO MPUAEralOWEN K CTEHKamM cocypa. Ha nepsyto nnatdopmy ycTaHoBAEHA
NpPyXKnHa C KECTKOCTbio k 1 annHon Lo B HeaedopMMPOBAHHOM COCTOAHMMU, U MOBEPX ITOM
NPYXWHbI YCTaHOB/IEH rpy3 maccort Mi. Kakon maccbl Mz Hafo MOMOXKMUTb rpy3 Ha BTOPYHO
nnatdopmy, 4Tobbl NOC/E YCTaHOBNEHMA PaBHOBECUA MPY3bl OKa3aNMCb Ha O4HOM BbicoTe? OTBET
npuseguTe B KMAOrPamMmax, OKpyriMe Ao 6auKanwero uenoro. [lonoxeHue rpysos
OTCUYMTHIBAETCA NO UX HUXKHEN NOBEPXHOCTU. YCKOpeHUe cBO60AHOr0O NageHmA NPUMUTE PaBHbIM
g. Cunamu TpeHuna npeHebpernTe, Npy>KMHa BCeraa OCTaeTcA BEPTUKANbHOMN.

K2
51 52

PeweHwne:

Mpy*KMHa AaBUT Ha NAaTPOPMy C TOWN Ke CUION, YTO U TPpy3 AABUT Ha NPYKUHY. MosTomy ans
TOro, YTo6bl NOHATb, KAaK U3MEHUTCA NONOMNKEHME NNATGOPM, NPYKUHY MOXKHO HE YUUTbIBATb.

Myctb H1 1 H2 - 3TO BbICOTLI N1IaTPOPM Had AHOM CTaKaHa, Torda CnpaBen/iMBO COOTHOLLEHMUE:

Mg M,g
pgH; + = pgH; +
S1 S5
Torpga pasHuua BbicoT naathopm
1/M, M,
H —H, =—(—/———
1 2 P <SZ S]_)

[NvHa npy*KuHbl nocne aedopmaumm COCTaBUT

Mg
h=hom”

Ycnosue, 4To rpy3bl HAXOAATCA HAa OAHOW BbICOTE, 3aMULLETCA KaK
Hi+L,=H,

OTKyaa
Hy,—H =1

MpupaBHMBaA ABa BblipaXKeHUA ANA Pa3HULLbI BbICOT, MOy4aem OTBeT



Hab6opbl uncen n oTeerbl:

$1=0.2 Mm% S =0.1 m?, p = 1000 kr/m3, k = 1000 H/m, Lo = 0.5 m, M1 =38 kr, g = 10 m/c?> => M, =
7 Kr

$1=0.3 Mm% S, =0.1 m?, p=1000 kr/m3, k =1000 H/m, Lo = 0.5 m, M1 =45 kr, g = 10 m/c?> => M =
10 Kr

$1=0.3 Mm% S5, =0.2 Mm%, p=1000 kr/m3, k=1000 H/m, Lo = 0.4 m, M1 = 48 kr, g = 10 m/c? => M, =
48 Kr



10 Knacc, 3apava 4, 11 knacc, 3agava 1, sapmaHt 1

MeLOK C 3epHOM CTaBAT Ha HaK/JIOHHYIO MI0CKOCTb, U306paXKEHHYIO Ha puUCyHKe (cneBa). C Kakoi
BbICOTbl H ero Hago cnycTuTb 6e3 HayanbHOW CKOPOCTU MO 3TOM NAOCKOCTU, YTOObI HA NPaBOW OH
NOAHANCA A0 BbICOTbl h? /leBaA NNOCKOCTb PacnooXeHa Nnog yr/iom o rpaZlycoB K rOpu3oHTY, a
npaeas - no4 yriom B rpaaycos. MeLoK CKONb3UT 6e3 TpeHuA, MpM Nepexoae C 04HOM NN0CKOCTH
Ha APYryt0 OH WCMbITbIBAET HEYynpyrnin yaap, NpyM KOTOPOM He OTCKaKMBAaeT, 3 KOMMOHEHTa
CKOPOCTM BAONb HOBOIO HanpaBAEHWUA ABUMKEHWA OCTaeTca HEeM3MEHHOW. Pasamepammn Mellka

MOXHO npeHe6peqb Nno CpaBHEHUIO C OCTA/ZIbHbIMU TEOMETPUYHECKMMUN PaAa3MEPAMM B 3a4a4eE.

PeweHune:

HenocpeactBeHHO nepes yoapom MeLloK MmeeT CKOPOCTb Vi BAO/b nesow NnOBEPXHOCTU, ONA
KOTOpOﬁ BbINMNO/IHAETCA COOTHOLWEHUE

mv?

mgH =

Mpwu 3TOM CKOPOCTb MELLKA BAO/Ib MPaBO NOBEPXHOCTU B MOMEHT COYAapeHUsn COCTaBnseT
v, = vycos(a + )

lNlocne CTONKHOBEHWA CKOPOCTb MeLUKa CTaHOBMUTCA paBHOIZ V,, U TO0rga ycnosue, 4to OH
NnoOAHUMETCA Ha BbICOTY h:

mv?

mgh =

MOACTaBMB BbIPasKeHWe ANA V2 YePes Vi, NoNy4aem OTBeT
2

h = H (cos(a + B))

H = h 5
(cos(a + ,3))

Yucnosble AaHHbIE M OTBETbI:
a=45°B=15°, h=1m=>H=4m
a=30%B=15h=1m=>H=2m
a=40°B=20°h=05m=>H=2m

10 Knacc, 3agava 4, 11 knacc, 3agava 2, BapmaHTt 2



MeLoK C 3epHOM CTaBAT Ha HAK/IOHHYIO MJOCKOCTb, M306paXKEHHYIO Ha PUCYHKe (cnesa) U
oTnyckatoT. Onpeaenunte yron mexay NA0CKOCTAMM O, €C/IM U3BECTHO, YTO MELLOK NOAHAACA NO
NpPaBoi NNOCKOCTM Ha BbICOTY B k pa3 MeHblLUY0, YeM BbICOTA, C KOTOPOW ero oTnycTuam. Mewok
CKONb3UT 6e3 TpeHuA, Npu nepexoae ¢ O4HOM NNOCKOCTM Ha APYryto OH MUCMbITbIBAET HEYNPYrui
yAap, NpuM KOTOPOM He OTCKaKMBAEeT, a KOMMOHEHTa CKOPOCTW BAOJIb HOBOrO Hanpas/ieHus
ABUMKEHUA OCTaeTcA HeM3MeHHOMW. Pasmepamm MelKa MOXKHO npeHebpeyb Mo CPaBHEHMUIO C

OCTa/IbHbIMU TEOMETPUHECKMMU pa3smepamu B 3aa4e.

a
) h

PeweHwne:
0O603HauYMM Ha4anbHYHO BbICOTbl HA 1IEBOI NNOCKOCTM 3a H, a KOHeYHYo Ha nNpasou 3a h.

HenocpeactBeHHO nepes yoapom MeLloK MmeeT CKOPOCTb Vi BAO/b nesow NnOBEPXHOCTU, ONA

KOTOpOﬁ BbINMNO/IHAETCA COOTHOLWEHUE

mv?

mgH =

Mpwu 3TOM CKOPOCTb BAO/b NPABOI NOBEPXHOCTU COCTaBAAET
v, = v,c0s(180 — @) = —v;cos (a)

llocne CTONKHOBEHUA CKOPOCTb MeLUKa CTaHOBUTCA paBHOl‘;I V,, U TO0rga ycnosue, 4to OH

NnoOAHUMETCA Ha BbICOTY h:

mv?

mgh =

OTkyaa
2 h 1 _
(cos(@))” = T cos(a) = F T

Yron gonxeH 6biTb TyNbiM, NO3TOMY

cos(a) = —

ol

NUnn gna cmerxKHoro yrna



1
cos(180° — a) = \/;

OTKy4a MOXHO HANTK 3HAYEHMe yrna

1
a = 180° — acrcos %

Yucnosble paHHbIE M OTBETDI:
k=4 => a=180°-60°=120°
k=2 => a=180°-45°=135°

k=4/3 => a=180°-30°=150°



10 Knacc, 3apava 5, 11 knacc, 3agava 2, sapmaHt 1

M3meHeHMe COCTOAHMA naeanbHOro rasa NPOUNNIOCTPUPOBAHO Ha VT—Amarpamme. ns

npuBeLEHHbIX HUXKe YTBEPKAEHWI BbibepuTe BepHbIe:
A) npouecc 1-2 — U30X0pHOE OXNaxKAeHUe;

B) npouecc 3-4 — nsobapHbIii;

B) npouecc 4-5 — nsotepmmyeckoe paclunpeHmne;

') AaBneHuMe rasa B COCTOSHMM, COOTBETCTBYOLEN ToUKe 5 Ha rpaduKe, B 2 pasa bonblue

[aBNeHUA rasa B COCTOAHUM B TOUKe 1;

[l) naBneHWe rasa B COCTOAHMM, COOTBETCTBYHOLLEN TOUKe 3 Ha rpaduKe, B 2 pas3a MeHbLe

[aBJ/IEHMA ra3a B COCTOAHMU B TOYKe 2.

"4

7
Ay

3 /

av, 4
A 5¢

1 2

VO —Pp—=_y

>Ir
T, 3T0

PeweHune:

A) Npouecc 1-2 M30XOPHbIA HArpeB, a He OXNaXKAEeHMe, TaK Kak KOHeYHas TemnepaTtypa 6onblue

Haya/bHOW. YTBEpPKAEeHNe A HeBepHoe.

B) Mpouecc 3-4 aencTenTenbHO M306apHbIN, B YEM MOXKHO YA0CTOBEPUTLCS, 3anMcaB
COOTHOLIEHUA ANA TEPMOANHAMUYECKMUX BEZIMUMH, ONUCLIBAIOLLMX COCTOSIHME NAEabHOrO rasa
B TOYKax 3 U 4 1 NOACTaBUB COOTBETCTBYHOLLME 3HAYEHMA U3 rpaduKa:

PsVs PV, 4V, 8V,

=>P, -2 =P, -—2=>P, =P
T; T, 33T, * 6T, 3T

YTBEpXAaeHue b BepHoe.

B) Mpouecc 4- 5 — N30TepMUYECKOE CHKaTUE, a HE pPacCLUIMPEHNE, TaK KaK KOHEYHbIN 06bem

MeHbLWEe Ha4Ya/1IbHOroO. yTBep)Kﬂ,EHVIe B HeBepHoOe.



I 3anuiem cooTHOLEeHWe ANA COCTOAHUN naeanbHoro rasa 1 ms:

PlVl—P5V5—> VO—P 3V0—>P —1P —> P. = 2P

YTBepxaeHue [ BepHoe.

) Npouecc 2-3 — n3oTepmmyeckoe paclimpeHme. 3anuniiem COOTHOLWEHNE A1A COCTOAHUM
naeanbHororasa 2 u 3:

P, =Py =>ize Yo o p 1)
2V2 — 3V3 — PZ_V3_4VO_ 3_42

[aBneHune B COCTOAHUM 3 B YeTblpe pa3a MeHblle AaB/ieHMA B COCTOAHUM 2. YTBepKaeHue [
HeBepHoe.

OTBeT: BepHble yTBepKaeHna b u .
10 Knacc, 3agava 5, 11 knacc, 3agava 2, BapmaHTt 2

M3meHeHWe CoCTOAHMA MAEaNbHOTO ra3a NPoUAIOCTPUPOBAHO Ha PT-guarpamme. U3
NPUBELEHHbIX HUXKE YTBEPXKAEHNI BblbEpUTE BEPHbIE:

A) npouecc 2-3 — nsobapHoe oxnarkaeHue;
B) npouecc 3-4 — U30XOpPHbIN;
B) npouecc 4-5 — nsotepmuyeckoe pacliMpeHune;

) o6bem rasa B COCTOAHUKM, COOTBETCTBYIOLLEN TOUKe 5 Ha rpaduKe, B 2 pa3a bonblie obbema
rasa B COCTOAHMM B TOUKe 1;

[1) 06bem rasa B COCTOAHMUM, COOTBETCTBYIOLLEN TOUKe 3 Ha rpaduKe, B 4 pa3a bosblie ob6bema
rasa B COCTOSIHMM B TOYKe 2.



T, 47,

PeweHune

A) Npouecc 2-3 — n306apHbIf HArpeBs, a He OXNaXKAeHWe, TaK Kak KOHeYyHas TemnepaTypa
6o/blle HavyanbHON. YTBEPKAEHNE A HeBepHOe.

B) Mpouecc 3-4 AeNCTBUTENBHO M30XOPHbIN, B Y4EM MOMKHO YA0CTOBEPUTLCSA, 3aMNncaB
COOTHOLWEeHMA ANA TePMOANHAMUYECKUX BEIMUYMH, OMUCHIBAOLLMX COCTOAHME NAEaNbHOrO rasa
B TOYKax 3 4 1 NOACTaBUB COOTBETCTBYIOLLME 3HAYEHUA U3 rpaduKa:

PsVs PV, 3P, 6P,

=> Vs =V, = =>V, =V,
T, T, 41, * 8T, 3T

YT1BeprKaeHue b sepHoe.

B) Mpouecc 4-5 n3otepmmnyeckoe cxaTue, a He pacluMpeHne, Tak Kak Nnpu NOCTOAHHOWN
TemMnepaType 1 yBeIMYNBAOLLEMCA AaBeHUM 06beM NaeanbHOro rasa AoMKeH YMEHbLUATHCA.
YT1BepaeHue B HesepHoe.

I 3anuiem cooTHOLIEeHWe ANA COCTOAHMN naeanbHoro rasa 1 m s:

P P P 9P,
Vi = Vs = => V) — 0

9 8
=Veeer=>V, ==Vg =>Vs =P
T, Ts T, °8T, ! > > 9t

8
YT1BeprKaeHue I HeBepHoe.

) Npouecc 2-3 nsobapunyecknii, ANA Hero crnpaBenIMBO COOTHOLIEHUE:

Vo, Vs V3 Ts
S =—=>_"=—"=>V, =4V
T, T3 V, T, 3 2



YT1BepaeHue [ sepHoe.

OTBeT: BepHble yTBepKaeHua b n [.



10 Knacc, 3agava 6, 11 knacc, 3agava 3, sapmaHTt 1

MaccuBHOM NbINEBOW YacTMLE MNOJIOXKUTENbHOrO 3apsAfa, Haxo4AWencs B BaKyyme B
OAHOPOAHOM 3/1EKTPUYECKOM NONE, B HAYa/IbHbIA MOMEHT BPEMEHM COOBLLMIMN CKOPOCTb V=10
M/c, HanpasaeHHy nog yrnom a=30° K ropu3oHTYy. M3BECTHO, UTO IN1EKTPMYECKOE Nose NpuaaeT
YyacTuue yCKopeHue, KoTopoe B V3 pas 6osblie ycKkopeHus ceoboaHoro nageHusa. Hanpasnexue
NoJiA U Ha4a/IbHOM CKOPOCTM YacTuLbl M306parkeHbl Ha pucyHKe. Kakoi nyTb NnpongeT yactmua
3a Bpema t=2 c? CumtaTb ycKOpeHue cBoboaHOro nageHunsa g=10 m/c2. Pe3ynbTaT BbIpasuTb B
MeTpax, OKPYr/MB A0 LLe/Ioro 3Ha4eHus.

PeweHune:

Mo ycnoBulO AaHO, YTO TOPM3OHTa/IbHAA KOMMOHEHTa ycKopeHua (obycnoBneHHasa cuaom

KynoHa) 8 V3 pa3s 6Gosblue YCKOpPeHWUs CBOGOAHOrO MafeHUsA. BeKTopHas CyMMUpys 3Tu
KOMMNOHEHTbl 0OBHApPYKMBAEM, YTO HanpaB/ieHME PE3YNbTUPYIOLLErO YCKOPEHUA NIEXKUT Ha TOM Ke
NPSIMOM, YTO M BEKTOP Haya/bHOWM CKOPOCTM, HanpaBAEHHbIN B NPOTUBOMONIOMKHYH CTOPOHY U
ymcneHHo pasHbin 20 m/c? (Haxoamm no Teopeme Mudaropa). ChegosaTenibHO, YacTMua byaer

ABUraTbCA NPAMOIMHENHO, U MOXKHO PAacCMaTPUBATL ABUXKEHME BAO/b 3TOM NPAMOIA.
Torza cKopocTb Yepes 2¢ Noc/ie Havyana paccMoTpeHus byaeT pasHa:
v=vyy,—at=10—-40=-30mM/c

3HauUT, YacTMUA 3a YKas3aHHbIN MPOMEXYTOK BPEMEHM MNOBEPHETCA B CTOPOHY, 0b6paTHylo
nepBOHaYya/IbHOMY HanpPaBNEeHUIO ABUKEHMA. MOMEHT noBopoTa:

vo_at1=0=>t1=0.5c

MpoiiaeHHbIM 33 3TO BPEMSA NyTb MOXKET ObITb HAWAEH KaK:

at? 25
51=170t1—7=10*05—20* =25M
‘-Iepe3 ocTtaBwumecsa 1.5 ¢ npOP'Ip,eHHbll‘i NyTb COCTaBUT:
at? 5
S, =22 _10%1.52 = 22.5

2



CknagpbliBas, nosy4aem OTBET.
OtBeT: S=25 m.
10 Knacc, 3agava 6, 11 knacc, 3agava 3, BapmaHTt 2

MaccuBHOM MbleBOM YacTuue OTpPMLATENbHOrO 3apAga, Haxoaalwenca B BaKyyme B
O4HOPOAHOM 3/1EKTPUYECKOM MOoAE, B HAaYa/IbHbINM MOMEHT BpEMEHM COOBLLNAN CKOPOCTb V=20
M/cC, HanpaBAeHHyto Nog yrnom a=60° K ropu30HTY. M3BECTHO, YTO 3/1EKTPMYECKOe Nose Npugaet
YacTuLe YyCKopeHue, KoTopoe B V3 pas MeHblle YCKOpeHUsA cBoboAHOro nageHusa. HanpasneHune
NONSA U CKOPOCTM YaCTULLbl M306paKeHbl Ha pUCYHKe. KaKkol nyTb NpongeT Yactuua 3a Bpemsa t=4
c? CumtaTb ycKopeHue ceoboaHoro nageHusa g=10 m/c?. Pe3yabTaT BbIpa3uTb B METPaX, OKPYrAns
[0 LeNIoro 3HayeHus.

PeweHune

Mo ycnoBuio AaHO, YTO TrOPU3OHTA/IbHAA KOMMOHEHTa YCKOpeHuA (OﬁyCﬂOBﬂeHHaﬂ cunomn

KynoHa) B /3 pa3 meHblue ycKopeHMs cBOBOAHOrO NafeHWs. BeKTopHas CyMMUPysa 3Tu
KOMMNOHEHTbI 06HaPYKMBAEM, YTO HanpaBAEHME PE3Y/IbTUPYHOLLETO YCKOPEHUA NIEXKUT HA TOM e

NPAMOM, YTO M BEKTOP HayaNbHOM CKOPOCTM, HAMpaB/iieHO B MPOTUBOMOJIOXNKHYIO CTOPOHY WU

yncneHHo pasHo 20/v/3 m/c? (Haxoanm no Teopeme Mudaropa). CneaosaTtenbHO, YacTuLa Gyaet
ABUraTbCA NPAMONIMHENHO, U MOXKHO PacCMaTPUBaTb ABUMKEHME BAO/Ib 3TOM NPAMOA.

Toraa cKoOpocTb Yepes 2¢ Noc/e Havyana paccMoTpeHun byaeT paBHa:

t =20 59 20(1 4><O
v=vy—at=20——== -—
’ V3 V3

3HauUUT, YacTMUA 3a YKA3aHHbIN MPOMEXKYTOK BPEeMeHM MNOBEPHETC B CTOPOHY, 0b6paTHyto

nepBoHa4YasbHOMY HamnpasaeHUIO ABUXKeHUA. MOMeEHT noBopoTa:
vo—at; =0=>1¢ =3¢
MpoiaeHHbIN 33 3TO BPEMA NMyTb MOXKET ObiTb HAWAEH KaK:

t2 20 1
51=v0t1—a71=20\/§——=20\/§<1—z>=10\/§M

=



Yepes ocTaslumecs 4 — /3 ¢ NpoiiaeHHbIi MyTb COCTaBUT:

PR Py
1= =297

CknagbiBad U OKPYraaa 4o Lenoro, nojy4yaem OTBeT.
orBet: S=47 m.
10 Knacc, 3agava 6, 11 knacc, 3agaua 3, BapmaHt 3

MaccuBHOM MblNEBOM 4YacTULE MNONOXKUTENBHOrO 3apAga, Haxo4AWeWcAa B BaKyyme B
OZHOPOAHOM 3N1EKTPUYECKOM NONE, B Ha4YaNbHbI MOMEHT BPEMEHM CO0BLWMAM CKOPOCTb V=20
M/c, HanpaBaeHHy nog yrnom a=30° K ropu3oHTy. M3BECTHO, YTO INEKTPMUYECKOE Noe NpuaaeT
yacTuue ycKopeHue, KoTopoe B V3 pas bosblie yckopeHusa ceobogHoro nageHma. HanpasneHue
NMosA M HAYa/NbHOM CKOPOCTWU 4YacTuUbl M300pa*KeHbl Ha PUCYHKe. 3a Kakoe BpemsA 4acTuua
npeogoneet nytb S=20 m? CumTaTb ycKopeHue csoboaHoro nageHua g=10 m/c?. PesynbTat
BblPa3nTb B CEKYHAAX, OKPYFINB 40 NepBOro 3Haka noc/se 3anAaToi.

PeweHune

Mo ycnoBuiO [AaHO, UYTO TOPWU30OHTa/IbHAaA KOMMOHEHTa YycKopeHusa (obycnosneHHas cuiom
KynoHa) B V3 pa3s 6onblue ycKopeHus CBOGOAHOrO nageHus. BeKkTopHas CymMMpys 3Tu
KOMMOHEHTbI 06HAPYKMBAEM, YTO HaNpPaBAEHME PE3YNbTUPYHOLLETO YCKOPEHUA NIEXKUT Ha TOM Ke
NPAMOW, YTO U BEKTOP Haya/NbHOM CKOPOCTM, HaMNpPaB/ieHO B MPOTUBOMO/IOXKHYH CTOPOHY M
yncneHHo pasHo 20 m/c? (Haxoamm no Teopeme Mudaropa). CnegosaTenbHO, YacTULa byaeT

ABUTaTbCs NPAMOIMHENHO, U MOXXHO PacCMaTpmUBaTb ABUMKEHUE BAONb 3TOM NPAMOMN.

YcKopeHue Hanpas/ieHO MpoTuBs HaYaNbHOM CKOPOCTNU 4acTtuupbl. Ol'lpeﬂ,EI'IMM, yepe3 KaKoe
BpeMA CKOPOCTb O6paTMTCﬂ B HO/1b:

Uo_at1=0=>t1=1C

MponaeHHbIM 33 3TO BpeMA NyTb MOXKET ObITb HalMAEH KaK:

at? 1
51=U0t1—7=20*1—20*§=10M



3TO MeHbLUe NyTU, NPO KOTOPbIM CNpalnBatoT B 3aga4ve. Hallaem Bpemsa nocsie NoBoOpoTa, 3a
KOTOpoOe YyacTuua npoiger octaswunecs 10 m:

S—at%—>t— 28, 20_1
2T TR e T 207

CknagbiBadA 3TM BpeMEHa, Noay4Yaem OTBeET.
OtBer:t=2c.
10 Knacc, 3agava 6, 11 knacc, 3agayva 3, BapmaHt 4

MaccuBHOM nNblIEBOM YacTuue OTPUMUATENbHOrO 3apAada, HaxogAwenca B BaKyyme B
OAHOPOAHOM 3N1EKTPUYECKOM NOAE, B HA4Ya/IbHbIA MOMEHT BPEMEHM coO0bLWwmMAM CKOpPOCTb Vo=30
M/c, HanpasieHHyto nog yrnom a=30° K ropu3oHTYy. MI3BECTHO, YTO 3/1IeKTPUYECKOE NoJie NpUaaeT
YacTuLLe yCKOpeHue, KoTopoe B /3 pas 6onblue ycKopeHUa cBo6oAHOTO NageHua. HanpasneHue
NOJIA M CKOPOCTM YaCTULbI M306parKeHbl HAa PUCYHKE. 3a KaKoe BpeMA YacTuLa NpeogoneeT nyTb
S=42.5 m? CunTaTb ycKopeHue cBo6oaHoro nageHnsa g=10 m/c2. Pe3ynbTaT BbIpasuTb B CEKYHAAX,
OKPYr/vMB 4,0 NepBOro 3HakKa nocae 3anAaToun.

PeweHue:

Mo ycnoBuiO [AaHO, UYTO TOPWU30OHTA/IbHAA KOMMOHEHTa YycKopeHusa (obycnoBneHHasa cuiom
KynoHa) B /3 pa3 6onblue ycKopeHUs CBOGOAHOrO nafgeHuA. BeKkTopHas cymmupya 3Tu
KOMMOHEHTbI 06HaPYKMBAEM, YTO HaMnpaB/ieHMe Pe3yIbTUPYHIOLLErO YCKOPEHMA IEXKUT Ha TOM e
NPAMOW, YTO U BEKTOP Haya/NbHON CKOPOCTM, HaMnpaB/ieHO B MPOTUBOMO/IOXHYH CTOPOHY M
yncneHHo pasHo 20 m/c? (Haxoamum no Teopeme Mudaropa). CnegosatenbHo, YacTULa byaeT
ABUraTbCA NPSMOZIMHENHO, U MOXKHO PacCMaTpPUBaTb ABUMKEHWE BAO/b 3TON NPAMOMN.

YCKOpeHWe HanpaBAeHO MPOTUB Haya/bHOW CKOPOCTM 4YacTuubl. Onpenenum, yepes Kakoe

BpemA CKOPOCTb 06paTMTCF| B HO/1b:
vo_atl =0=> tl = 15C

MpoiaeHHbIN 32 3TO BPEMA NYTb MOXKeT ObiTb HANAEH KaK:



at?
Sl=v0t1—T=3O*1.5—20*

=225M

3TO MeHbLUe NyTKU, NPO KOTOPbIM CNpalnBatoT B 3aga4e. Haliaem Bpems nocsie NoBopoTa, 3a
KOTOpoOe YyacTuua npoiget octaswunecs 20 m:

at? 25, 40
= —= = |—— = |—=+/2
Sy = =>1 - ’20 V2¢

CknagbiBana aTn BpemeHa, nos1iy4yaem OTBET.

OrBer: t=3 C.



11 Knacc, 3apava 4, sBapuaHt 1

BHYTpM NNOCKOro 3apAMeHHOro KOHAEeHcaTopa, 3aNONHEHHOTO AU3NEKTPUYECKOM KUAKOCTbIO
NAOTHOCTbIO 866 Kr/M3 M AM3NEKTPMUYECKON NPOHULAEMOCTbio 2.4, NnaBaeT MeTaNInyecKkuil
wapuk obbémom 3-103 cm3. MnoTHoCcTb MaTepuana wapuKka coctasnaet 8980 kr/m3. Hanaute
naowanb NAacTUH KOHAEeHcaTopa, ecnu Npu 3apage KoHgeHcaTopa B 6 MKKA, a 3apage wapuka
— 0,8 HKn, oH (wapwuk) ocTtaeTca B MOKOe (CM. PUCYHOK). PaccToAaHue mexkay naacTMHammu
KOHAEeHcaTopa HamHoro 6onble paguyca WapuMKa MU HAMHOTO MeHbLUe Pa3MepoB MAACTUH.
YcKkopeHue cBo60AHOro nageHuna npummTe pasHbiM 10 m/c?, 31eKTPUUECKYIo NOCTOAHHYI0 9-10°
2 /m. OTBET NpMBEAMTE B KBAAPATHLIX METPaXx, OKPYI/IMB A0 6AnMKaNLWero Lueoro.

|
®
§

+ 4+ + +[+ + + +

PeweHue:

LLlapMK Haxo4uMTCcA B MOKOE, 3TO 3HAUYMUT, YTO BEKTOPHAA CYMMA BCEX CUJ1 PaBHA HYAHO:

F+F+mg=0,

FE+FE —mg=0,

ExE*S

Y dx
3Haﬂ,‘-IT0:F3=qm*E,E=E,U=?, C= .

Mony4yMm BblpaxkeHme AN 3NeKTPUYECKON CUbl CAeayowero Buaa:



_ G * 4y
Exgy*S

BbipaxkeHue gna cmnbl Apxumesa:
Fy = pxx g * Wy
U ana cunbl TAXKECTU:
mg = py * Vyy * g.
NTorosoe ypaBHeHWE UMeET BUA;:

G * G B
m*‘ﬂm*g*Vm P * Vi * g = 0.
Bblpa)'KEHMG ana naowagn naaCtH KOHOAEHCATOPAa MMEET BUL,:

_ qu*qx
exgg*g*Vir*(Pu—Px) '

MNonyumm:

0,8+10 °Kn+6+10~°Kn

S = — — = 0,91m>.
2,4%9x107122x10 —+3x10"%M3%(8980 ——866 —%)

M CZ M3 M3

Omeem: S = 1 M?
11 Knacc, 3apaua 4, BapuaHT 2

BHYTPM MJIOCKOrO 3apAXEHHOro KOHAEHCaTopa, 3aMO/IHEHHOIO AM3NEKTPUYECKON KUAKOCTbIO
nnotHocTblo 830 Kr/m3, nnaBaeT meTtannuueckuin wapuk obvémom 2-103 cm3. MnoTtHOCTbL
MaTepuana wapuka coctasnaet 8750 Kr/m3. Halgute OTHOCUTENbHYIO AUINEKTPUYECKYIO
NPOHMULLAEMOCTb XUAKOCTU, ECAN NPU 3apaae KoHaeHcaTopa B 4 mkKn, a 3apage wapuka — 0.5
HKn, oH (WapuK) ocTaeTca B NoKoe (M. pUCyHOK). Maowwaab NNacTUH KoHAeHcaTopa cocTaBnaeT
0.5 M?, pacctosiHMe Mexay HMMM HaMHOro 6onblue paguyca Wapuka M HaAMHOrO MeHblue
pa3MepoB NAacTUH. YcKopeHue cBo60AHOro NageHuma Npumnute pasHbim 10 m/c?, 3NeKTpUUECcKyIo
nocToAHHYIo 9-10712 d/m. OTBET NpuBeAnUTe, OKPYIIMB A0 BAMXKaNLWero Lenoro.
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PeweHue:

LLlapVIK HaXoAuTCA B MOKOE, 3TO 3HAYUT, YTO BEKTOPHAA CyMMa BCeX CUJ1 PpaBHa HYHO:

Qg

3HaA, uto: F, = q,, *E, E = ,Uz%, C=——

Monyymm BbipaxkeHue ana 3]'IeKTpM‘-IeCKOH Chnbl cheaywouwiero snga:

Qu * qx

° exgyx§

BbipaxkeHue gna cmnbl Apxumesa:
F, = py* g * V.
N ona cnnbl TAXKeCTU:

mg = py * Vyy * g.

UTorosoe YpaBHEHNE NMEET BUA:



T * Gx
K L xg*xV. —p. xV g =0.

creges TP PurVuxg

BblpameHme anAa ,D'MafleKTpW—IeCKOVI NPOHULUAEMOCTUN KNOKOCTU KOHAEHCATOPa MUMEET BUA,:

£ = A *dx
S*go*g*Vm*(pm_pm).

MNonyumm:

e = 0,510 ?Kux4+10~Kn _
0,5M2%9+10~ 122410 242410~9m3+(8750 “L—830 <L)
M C2 M3 M3

2,8.

Omeem: € = 3.



11 Knacc, 3apava 5, BapuaHt 1

3aKpbITbI COCYA C NOPLUHEM, CNOCOBHbIM ABUraTbCA 63 TpeHUsA, 3anoIHEH CMECbIO BO34yXa U
HacCbIWEeHHOro BOAAHOrO napa ¢ Temnepatypoi T = 20 °C. BHyTpu cocyaa 3aKkpensieH MaHOMETP,
MOKa3blBAOLWMI TEKYLLEE AABNEHUA ra3a. B pe3ynbTaTe M30TEPMUYECKOIO CHATUA 06BEM,
3aHMMaeMbIV ra3oM, YMEHbLUW/ICA B N Pa3, @ NOKAa3aHUA MaHOMETPa YBEIMYMAUCH B & pas3.
Onpenennte KOHeYHble NOKa3aHMA MaHOMeTPa. [JaBaeHne HacblWweHHbIX NapoB Boabl 2.34 Kla.
OTseT npuseguTe B KlMa, okpyrnne ao 6anxKanwero wenoro. O6bemom ob6pasoBasLIecA BOAbI
npeHebperuTe.

PeweHune

lNoKa3saHuA MaHOMETPa — CyMMa NMapumnasibHbIX rL'l,aBI'IEHl/II‘/'I BO34yXa U HACbIWeHHOro BogAaHoro
napa. Ycnosue Ha yBesMyeHue NokasaHMA MaHOMeTpa B & pas:

P2 + Pu.n

pl + pH.l'[.
P2 + Pun. = a(p1 + Dyn) => P2 — APy = Pyn (@ —1)

P1 — Ha4yanbHOE AaBNEHMWE BO3AYXA, P, — KOHEUYHOE, Py, 1 — AABNEHUE HACbIWEHHbIX NAapoB (B
XoAe npouecca He MeHsAeTcs).

N3 ycnosua:
Vl = nVZ
N30Tepmunyeckoe cxatme:
V, b2
b1Vi = P2Va2 p1 v, b2 n
OTKyAa umeem:
a n(a—1)
P2~ P2 = Pun(@—1) =>p, = Pun. ™ —
MNoKkasaHuA maHoMeTpa:
n(a—1) ne—n+n—a an—1)
p2+pH.H.:pH.H. ﬁ_i_l :pHH< n—a ): H.H.ﬁ

Yucnosble gaHHbIE N OTBETbI:
Pun.=2,34 KMNa, a=2,n=3. 0teeT: 9,36 KMa=9 Klla
Pun=2,81KMa, a=2,n=4.0tBeT: 843 KlMa=8 Klla

11 Knacc, 3agava 5, BapuaHT 2



B 3aKpbITOM cocyAe, OCHALLEHHOM MAaHOMETPOM, HaXO4MUTCA CYXOM BO3AyX npu TemnepaType T.
Cocya yepes repMeTUYHbIV KanaH HanoIHAKT BOAOM Tak, YTo BOAa 3aHMMaeT 1/n yacTb o6bema
cocyaa. Yepes HeKOTOpoe BpemMs NMOKa3aHUA MaHOMETPa YCTaHOBWIUCb M OKa3a/iucb B a pas
6onblue nepBoHa4vanbHbIX. ONpeaennTe HavyasbHOE AaB/ieHMEe BO3AyXa B cocyae. [asneHue
HaCbIWEHHbIX MAPOB BOAbI Ph.n., MPOLLECC CYUTATb U3OTEPMUYECKMM, U3MEHEHNEM 06bEMA BOADI
C ucnapeHuem npeHebpeuyb.

PeweHune

lNoKa3saHuA MaHOMETpPa B Ha4asie — AaBJsieHne Cyxoro Bo3ayxa, a B KOHUEe — CyMMa NapunaibHbIX
p,aBﬂeHVlVl BO34yXa U HACbIWEHHOIro BOgAHOIO napa.

P2 = Prosp2 + Pun.- == Prozn2 = P2 — Pun
P = pBOB,ELl

P1 — Ha4YaNbHOE NOKa3aHMEe MAaHOMETPA, Py — KOHEYHOE, Dy, ;. — AAB/IEHME HACbILLEHHbIX NapOB

(B xo4e npouecca He MeHAeTcA).
Mo ycnoBuio KOHeYHoe AaBaeHue B o pa3 60/blie HayaibHOrO:

P2 = apy => pBOBL[Z + Pun = apBOBLLl

ns ycnosua o6bem CBO60,£I,HOI\/1 OT BOAbl HaCTh COCyda COCTaBNAET:

n—1
V,=0
N30Tepmunyeckoe cxatme:
v, n—1
pBosalvl = pBOBAZVZ => Psoza1 = VpBOBLLZ = Psoznz —
1 n
n
Proza2 = mpsoml
Moacrtasnaem:
n n
ap, = n— 1p1 +pH.1'[. => P1 ((l _Tl _ 1) = Pu.n. =>
nae—a—n
P1 Ta—1 Pu.n.
n—1
P1 _pH.n.na_a_n

Yucnosbie gaHHbIE N OTBEThI:
Pun=2,34KMNa, a=4,n=2.0tBeT: 1,17 klMa=1 KMla

Pun=2,81KMa, a=2,n=3.0tBeT: 5,62 KMa=6 Kla



11 Knacc, 3apava 6, BapuaHTt 1

KsagpaTHaa HeBecomas NpoBOAALLAA PaMKa CO CTOPOHOW a=55 CM NeXMT Ha rOPU30HTaNbHOM
HenpoBoaALLe NAOCKOCTM. B npocTpaHCTBE €O343aeTcA OAHOPOAHOE MarHUTHoe mnose ¢
MHAYKUMeln 8 2 T, NMHUM KOTOPOrO HanpasaeHbl NapannesbHO MNAOCKOCTA U OPUEHTUPOBAHDI
OTHOCUTE/IbHO CTOPOH PaMKM TaK, KaK MOKa3aHO Ha PUCYHKe (Buz cBepxy). B Kaxaol 13 BepLUMH
PaMKM PasMecTaM No OAMHAKOBOMY TOUEYHOMY Tpy3uKy. OnpegenuTe, Kakyto MUHUMANbHYIO
Maccy AO0/MKEH UMETb KaxKAblil U3 rPY3MKOB, YTOBbI MPM NPOTEKaHUM NO paMKe ToKa |=1 A oHa
OCTaBasacb MOKOUTLCA Ha FOPU3OHTANbHOM NIOCKOCTM? HanpaBneHne ToKa yKa3aHo Ha PUCYHKe.
CunTaiiTe, YTO rPY3MKM He BAMAIOT HAa MarHUTHOE Noje M NPOTEKaloWmMi B pamke Tok. OTseT
npuseauTe B rpaMMax, OKPYrAnB A0 Lenoro. YcKopeHue cBob0AHOro NageHUAa NpummnTe pasHbIM
10 m/c2.

osl}

PeweHune:

c+— @—F

'Y
¥

Ha Kaskayt CTOPOHY pamKu AeWCTBYeT cuia Amnepa, No MoAy/o paBHan:

, V2
F, = IaB - sin45° = TIaB

HanpasneHue cunbl AmMnepa onpegenaem no npasuay neson pyku. Onsa yaobcrsa 0603HaumMm

BEPLUMHbI PaMKN AOMOJIHUTE/IbHbIMM CMMBOIaMKU. Toraa ctopoHbl EF n FC 6yaert aencrsoBaTb



cvna Amnepa, HanpasaeHHaA BBepX, a Ha cTopoHbl CK n KE — BHM3. OTCcloAa cneayeT, 4To pamka
6yaeT CTpemMUTCA NOBEPHYTLCA BOKPYT OCK, NpoxoALLei yepes BeplumHy K B I10CKOCTM PUCYHKA

W NepneHAnKYNApHOM anaroHanu FK.

TOYKM NPUNONKEHMA CUN HAXOAATCA MO LEHTPY KaXKA0M U3 CTOpoH. [1na onpeaeneHua nney
NPOBOAMM NepPneHANKYNAPDLI U3 LEHTPOB K OCKU BpaLLeHuA. MNaedo ana aByx BAMMKHUX CTOPOH

a o 3a
aMKM bynet —. nneyvyo ANAa AByX AaNbHUX FrPaHen - —
p yAeT = ANA ABYX A P i

CyMMapHbI MOMEHT cun 6e3 JONONHUTENbHOIO rpy3a:

V2 3a V2 a
2-—IaB———2-—1IaB-——= = Ia®*B
2 2v/2 2 242
a Mga

Mneyum cun TAXKECTN OT SONOJAHUTENbHbBIX TPY30B B TOYKAX CunE PaBHbI > MX MOMEHT 7z

lneyo cunbl TAXKECTWN OT AOMNONHUTE/IbHOTO rpy3a B ToYKe F B ABa pasa 6onble n PaBHO \/ia,

ee momeHTV2Mga.
CyMMapHbIit momeHT: Ja’B — 2 % —\2Mga =0
3HayeHne M = \/E% = 38.891r.

OTBeT: 39T.
11 Knacc, 3apava 6, BapuaHT 2

KsagpaTHaa HeBecoMas NPOBOAALLAA paMKa CO CTOPOHOM a=90 CM NIeXKMT Ha FOPU30OHTaIbHOM
HenpoBoAALLel MAOCKOCTM. B npocTpaHCTBE €O34aeTcA OAHOPOAHOE MarHUMTHoe nose ¢
WHAYKUMen B8 4 TN, IMHUM KOTOPOrO HanpaB/ieHbl NapanieNibHO NNOCKOCTU U OPUEHTMPOBAHDI
OTHOCMTE/IbHO CTOPOH PaMKM TaK, KaK NOKa3aHo Ha pucyHKe (Bua ceepxy). B KaXkaoi 13 sepLumH
PaMKK pasmMecTUAn NO OAMHAKOBOMY TOYEYHOMY rpy3uKy. Onpeaennte, Kakyro MUHUMAbHYIO
Maccy A0/MKEH UMETb KaK bl U3 rPY3NKOB, YTOBbI MPU NPOTEKaHMM Mo pamKe Toka 1=0.7 A oHa
0CTaBaNacb MOKOUTHCA Ha FOPM3OHTaZIbHOMN NNOCKOCTM? HanpasneHune ToKa yKa3aHo Ha PUCYHKe.
CuuTaliTe, YTO TPY3UKM He BAMAIOT Ha MarHMTHOE NoJie U MPOTEKalWMi B pamKe Tok. OTseT
npuBeamuTe B rpaMmax, OKPYr/vB 40 Lenoro. YcKopeHue cBo604HOro NafeHna NPUMUTe paBHbIM
10 m/c2.
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PeweHune:

>
oot
®

'Y
¥

Ha Kaskayto CTOPOHY pamKu AeNCTBYeT cuia Amnepa, No MoAy o paBHan:

V2
F, = IaB - sin45° = 7IaB

HanpasneHue cunbl AMnepa onpeaensaem no npasuay nesBon pyku. Ons yaobcrea 0603HauMm
BEPLIMHbI PAaMKN AOMNOSIHUTENbHbIMM CMMBOIAMKU. Torga ctopoHbl EF n FC 6yaet aencrsoBath
cvna Amnepa, HanpaBaeHHaA BBepx, a Ha ctopoHbl CK n KE — BHM3. OTcloaa cneayeT, UTo pamka
O6yaeT CTPeMUTCA NOBEPHYTLCA BOKPYT OCU, NpoxoALLel yepes BeplumHy K B N10CKOCTU PUCYHKA
M nepneHaAuKynapHoi gmaroHanu FK.

TOYKM NPUNOXKEHUA CUN HAXOZATCA NO LEHTPY KaXKA0W U3 CTOPOH. [lna onpepenexHns naey
NpPoOBOAMM NePNEHANKYNAPbI U3 LLEHTPOB K OCK BpalLeHuA. [neyo ana Asyx BAMMKHUX CTOPOH

a o 3a
MKW T——. naey a X HUX rpaHen - —
pa byae G Jleyo anAa AByx ganb paHe 5

CymMapHbIA MOMEHT cun 6e3 4oNONHUTENbHOTO rpy3a:

V2 3a V2 a
2-—IlaB-———2-—1IaB-——==1a*B
2 242 2 2v/2



a Mga
Mneun cun Taxkectu ot AONONMHUTENIbHbBIX TPY30B B TOYKAX Cunek PaBHbI ﬁ' NX MOMEHT %
Mneyo cunbl TAXKECTU OT AONO/NTHUTENBHOIO rpy3a B TOYKe FB ABa pas3a 6onblie U PaBHO \/Ea,

ee momeHT V2Mga.

CyMMapHbli i momeHT: [a?B — 2 % - \/EMga =0

laB

3HayeHue M = \/EE =89.095r.

OtBeT: 89 .



11 Knacc, 3apava 7, BapuaHTt 1

B orpaHM4YeHHOM NPOCTPAHCTBE, CEYEHNE KOTOPOro nmeeT Gopmy KBaZpaTa CO CTOPOHOM 3 cm
(cm. pUCyHOK), co3paeTca ogHOpPOAHOE MarHUTHoe none. JIMHUU MHAYKUMM MArHUTHOro nons
Hanpae/eHbl MNepPneHAMKYAAPHO MNNOCKOCTU PUCYHKa. [lBuraacb c/feBa Hanpaso, B 3TO
NPOCTPAHCTBO BJIETAET MOJIOKUTENbHO 3aPAMKEHHAA 4acTMua, OTHOLWEHMe 3apada K macce
KoTopoi pasHo 24-10* Kn/kr. HauanbHaa cKopocTb YacTuubl pasHa 360 m/c v HanpasieHa
nepneHanKyNapHO NeBon rpaHuue 061acTn, TOUYKA BAETa PacnonoXeHa Ha pacctosHun 1 cm ot
HUXKHeN rpaHuubl. KakoBa gonxHa 6bITb BEANYMHA MHAYKLUNM MarHUTHOIO Nond, 4tobbl YacTuua
BblfieTesla M3 3TOM o6nacTM B HanpaBAeHUM, NeprneHAMKYAAPHOM nepBOHaYaibHOMY
Hanpas/ieHuto ABuKeHns? OTBeT NpuseauTe B T/, OKPYrAmMB 40 6aMKanwero uenoro.

® . ® 0
B

3cMm

PeweHune:

3apsKeHHanA YacTuua, nonagas B MarHUTHoe nose, byaet UChbITbiBaTb AeNcTBUE cubl JTopeHua
W ABUraTbCA MO OKPYXKHOCTU. M3 NpaBuna nNeBol pyKn HaxoaMm HanpasaeHue cunbl JlopeHua —
YyacTmua bypet ABMraTbCA MO OKPYMKHOCTM OT TOYKM B/ieTa NMPOTMB YaCOBOW CTpesnku. YTobbl
YyacTuua BblaeTena n3 061acTn B HaNpPaBAEHUU, NEPNEHAUKYNAPHOM NEPBOHAYAIbHOMY, LLEHTP
OKPYXHOCTM [0/1KeH ObITb PACNONOXKEH B IEBOM BEPXHEM Yy 061acTu. Pagmyc oKpyKHOCTK
Toraa byaet paBeH R=2 cm.

NHAYKLUMA MarHUTHOIO NOAA N PaANYyC OKPYXKHOCTU CBA3aHbl COOTHOLIEHUEM:

<
N

EcAam MHOYKUMA MarHuMTHoro nons 6yaeT MeHblle, TO paguyc OKPYXKHOCTM byaeT 6osblie
HeobXoAMMOro, M yron OTK/AOHeHWa byaer oTandHbiM 90°. Mo3ToMy HallgeHHoe 3HayeHue

ABNAETCA MUHMMA/IbHLIM M OTBETOM Ha NOCTaB/AEHHbIA BONPOC.
Otset: 75 mThn

11 Knacc, 3agaua 7, BapuaHT 2



B orpaHM4YeHHOM NPOCTPAHCTBE, CEYEHNE KOTOPOro nmeeT Gopmy KBaapata Co CTOPOHOM 3 cm
(cm. pUCYHOK), co3paeTcs O4HOPOAHOE MAarHUTHoe none. JIMHUKU UHAYKUMU MArHUTHOro nons
HanpasneHbl MepneHAMKYNAPHO MNNOCKOCTU PUCYHKa. [lBuMraacb cfieBa Hanpaso, B 3TO
NPOCTPAHCTBO BJjeTaeT OTPMUATE/IbHO 3apAXeHHaa 4acTuua, OTHOLWeHWe 3apafda K macce
KoTopoi paBHO 24-10* Kn/kr. HauanbHaa cKopocTb yacTuubl pasHa 360 m/c v Hanpas/ieHa
nepneHaNKYyNApHO NeBOoM rpaHuue 06a1acTn, TOUKA BAETA PacnonoXKeHa Ha pacctosHun 1 cm ot
HUXKHeW rpaHuubl. KakoBa A0/1KHA 6bITb BEIMYMHA MHAYKLMM MAarHUTHOIO Noaf, 4Tobbl YacTmua
BblieTena w3 3Tol 06nacTM B HanpaBAeHUM, NepneHAMKYAAPHOM MNepBOHaYaslbHOMY
HanpasneHuto asumxkeHna? OTBeT NnpuseauTe B T/, OKPYrAmMs Ao 6auKanwero uenoro.

® © ®

—

B

3cMm

PeweHune:

3apsKeHHas YactTuua, nonagas B MarHUTHoe nose, byaet UcnbiTbiBaTb AencTBMUE cuibl JlopeHua
W ABUraTbCA MO OKPYKHOCTU. M3 NpaBuna NeBol pyKM Haxo4Mm HanpasaeHue cunbl JlopeHua —
YyacTmua 6yaeT ABMraTbCsA MO OKPYKHOCTU OT TOUYKM B/IETA NO YacoBOM cTpesike. YTobbl YacTmua
BblieTena M3 06.1acTM B HanpaBAeHUM, NEPNeHAMKYNAPHOM MNepBOHAYaNbHOMY, LEHTP
OKPYXXHOCTM A0NXKEH BbITb PACNONOMKEH B IEBOM HUXHEM yray obnactu. Pagmyc oKpyHOCTH

Toraa byaet paseH R=1 cm.

NHAYKUMA MarHUTHOTO NOAA U PaANyC OKPYKHOCTU CBA3aHbI COOTHOLLIEHUEM:

N

mv v
quB = — =>B = — = 4= =150 mTn
R qR —R
m
Ecam vHAyKuMa marHuMTHOro nons 6yaeT MeHblue, TO pPaguyc OKPY*KHOCTM byaeT 6osblue
HeobXoAMMOro, M Yron OTKAOHeHuAa byaeT medbwe 90°. Mo3tomy HalgeHHoe 3HayeHue

ABNAETCA MUHMMANbHBIM M OTBETOM Ha NOCTABAEHHbI BonpocC.

Otset: 150 mTh



