MexperuoHajabHas OJIUMIIKAAA IIKOJIbHUKOB HA 0a3e BeAOMCTBEHHBIX
o0pa3oBaTeJbHbIX YupexaeHnuii (2023 r.)
®uszuka. 9 Kkiaacc

Bapuanr 1
3aoaua 1. Teno Opocusiu BEpTUKAIbHO BBEPX C NOBEPXHOCTHU 3emiind. Uepes BpeMsl T HadallbHas
CKOPOCTb TeJla yMeHbIIMIach B N pa3. Ha xakyro MakcumainbsHyto BeicoTy H mogaumercs teno?

Pemenue. 3anuiiem, Kak U3MEHsETCS CO BpeMeHeM KoopauHara Y(t) u mpoekius ckopoctu Vy(t)
tena. OTcuer KOOPAMHATHI IO BEPTUKAIU BEJEM OT MOBEPXHOCTU 3EMIIH.

y() = vot — % @D

v, (t) = vy — gt. (1.2)

ITo ycnoBuro 3a1aun:
(t)=vy—gt = Yo
vy, 0o—J -

Ortcrona nonxyyaem:
Vg = —. (1.3)
Bpems nogbsema tnon TENMA HA MAaKCUMAaJbHYIO BhICOTY H Haliiem, NpUpaBHSB HYJIIO BBIPAXKEHHUE
(1.2).
Uy(tnoa.) =Py — gtnoa. = 0. (14)

Vo

t =—

MOJI. g

MakcuMaabHYO BBICOTY TIorbeMa H Tena Haj MOBEpXHOCTHIO 3EMITH ITOJTYIHM C
UCTIONIb30BaHNeM BeipaxkeHwus (1.1):

tuon)’ _ 3
H = y(tnoa.) = Volyon. — @ = :_;' (16)

[Toncrasmss B Beipakenue (1.6) HaliIeHHYI0 Ha4allbHYIO CKOPOCTh V), TOTy4aeM OTBET.

U3 (1.4) nmonyqaem:
(1.5)

Otser: H = 9T .
- 2(n—1)32

3adaua 2. B GannoHe HaXOIUTCS OJJHOATOMHBIN HIealbHBIN Ta3 B KOIWYECTBE V=4 MOJIsS Mpu
temriepatype To=300 K. IIpu HarpeBanuu 6ayisioHa cpeaHsis KBaIpaTuiHas CKOPOCTh MOJIEKYJT
raza yBenu4mioch B N=1,3 paza. Kakoe konudectBo Temnots Q cooOurmnu razy?
VYHuuBepcanbHas razopas noctosiuaas R=8,314 Jx/(K monb)

Pemenue. [Tockonpky 00beM raza B 6ajiioHe OCTA€TCs MOCTOSIHHBIM, paboTa ra3a HaJ
BHEIIIHUMHU TeJIaMHu He coBepIuaercs. Bes Tensora, nepeaanHas ra3y npu HarpeBaHUHU, 1T Ha
NpUpalieHne BHyTPSHHEH SHEpTHH ra3a.

3 3 3 T
Q= AU =2 VRAT =2 VR(Typy, — To) = 2 vRT, (222 - 1), (2.1)
2 2 - 2 To
CpeHHeKBaﬂpaTI/ILIHaﬂ CKOPOCTb MOJICKYJI OAHOATOMHOI'O HACAJIbHOr0O TIa3a CBA3aHa C
TEMIIEPATypOii Ta3a COOTHOIICHUEM:

2
Mv& xpan. 3
— 2 = kT (2.2)
2 2
Hcnonp3ys (2.2), 1oIyd4uM COOTHOLIEHUE:
2
Txon. _ VUcp.kBag, KoH. — nz. (23)
To 172
cp.kBaz.,0

[Toacrasmsis (2.3) B (2.1), mosry4aem OTBET.
Otser: Q=(3/2)vRT(n?-1)=10.3 xJIx.



3aoaua 3. AxBapuym™m, wumeromuid Gopmy cdepsl paguyca R,4acTHYHO 3amoJiHEH BOJIOM,
IUIOTHOCTh KOTOpPOW p. BhICOTa ypOBHS KHMIKOCTH HaJ HUXKHEHW TOYKOW cocyna paBHa 3R/2.
Kunkocte B akBapuyMe HUCHApsieTCs TaK, YTO C E€AUHULBI IUIOIIAJW B €IWHMILY BpPEMEHU
ucrapsiercss Macca (. 3a Kakoe Bpemsi T UCIapUTCs BCS BojAa B akBapuyMme? Bemuuunbl p u ( —
MIOCTOSIHHBIE BEJINUMHBI.

Pemenue. O0sexkaem B MaTeMaTU4YCCKYIO (I)OpMyJIy IMOCJIETHEES YCIOBHUC 3aJa4M:
Am

Macca Bozibl dM, ncnapsieMast ¢ TOBEPXHOCTH S 3a Bpemst Ot OyaeT paBHa

dm = qSét. (3.2)
C npyro#i CTOPOHBI, Macca UCIIAPUBIICHCS BOJBI M MOKET OBITh 3aIIMCaHa MO IPYTOMY:

dm = pSéh. (3.3)

3neck 0h — TonmMHA HCIAPUBILETOCS CIIOS BOBI OM, MMEIOIIETO MOBEPXHOCTD S.
[pupasuuBas Beipaxenus (3.2) u (3.3) Apyr apyry, moxydaeM:

pSh = qbt. (3.4)
OO6patum BHUMaHUE HA cienyromuid GpakT. T.K. p U  — MOCTOSIHHBIE BEIMYMHBI, BPEMS
ucrnapeHus ot KaXa0ro ¢jos Bojbl Oh He 3aBUCHUT OT TOTO, KAKyH0 OTKPBITYIO IIOBEPXHOCTh S
3aHUMAaeT B IaHHBIII MOMEHT BPEMEHH BOJIa.
[lepenumem Beipaxkenue (3.4) B clieIyIoeM BUie

5t = ”qﬂ (3.5)
U3 (3.5) nonyuaem
T= % (3.5)

3necy H — cymma Bcex mocieioBaTeIbHO UCTIAPUBIIIUXCS CIIOEB BOJIBI, T.€. BHICOTA YPOBHSI
JKUJIKOCTH HaJl HUKHEN TOUKOM CoCya.

[Toncrasisiem H U3 ycnoBus, 1 nMojay4yaem OTBET.

3Rp

2q

OtBeT: T =

3aoaua 4. (25 6annos). Ilnockuit oJHOPOAHBIN NPAMOYTONbHbIN TpeyroabHUK ABC maccer m
MOJIBELIEH 3a BEpPIIMHY A K HEMOJBMKHOW OIOpe, W YIEp)KUBAeTCsl Tak, 4To ero karer AB
napaJJesieH MOBEepXHOCTH 3eMJIM. YTOJ IPU BepuIMHe A paBeH o. YToJ npu BepiunHe B paBeH
7/2. Kakyto MUHUMAJIBbHYIO CUTY Fyym. Ha10 IPUIIOKUTH K TPEYTOJIBHUKY, UTOOBI OH OCTaBaJICS B
PaBHOBECHH.

Pemenue. M306pa3um HavanbHBINA pUCYHOK (M3 YCIOBHUS 3aj[aui), U PUCYHOK C
FeOMeTpI/I‘-IeCKI/IMI/I HOCTpOCHI/IHMI/I, HeO6X0}1I/IMBIMI/I JJISA peHIeHI/IH 3a1a4un.
7 Pk E B

<z

C

AD, CK, BL —memunans! Tpeyronparka ABC. Touka O — Todka UX TIepeceueHHs, B KOTOPOM
HaXOJUTCS IIEHTP MACC TPEYTOJIbHUKA. M- CHJIa TSHKECTH TPEYTOIbHUKA, IPUIOKEHHAS B
touke O, 1 HanpaBJIeHHas BepTUKaIbHO BHU3. OF — neprnieHaukyisipHa ctopone AB, T.k. Touka
E nonydeHa nmpoJo/KeHUEM HAITPABIEHHs CUIIL Mg B CTOPOHY, IPOTHBOIOIOKHYIO €€
HaIpaBJIEHUIO JI0 iepeceueHus co ctopoHoir AB. Takum obpazom, otpe3ok AE — 3to miedo
CHJIBI Mg OTHOCHUTEIBHO TOYKU A. BenmrmurHa MOMEHTA CUIIbI Mg OTHOCHTEIHLHO TOUYKU A paBHA
Ny mg = mg AE. (4.2



OTOT MOMEHT CHJI CTpEMHUTCS BpamaTh TpeyrobHUK ABC 1o 4acoBO# CTpeKe OTHOCUTEIIBHO
TOUKH A.

MowmeHT cuitbl F, KOTOPYIO HaJl0 IPHIOKHUTH K TpeyroJbHUKY ABC (4T0OBI OH OcTaBajics B
pPaBHOBECHUHM) JOJDKEH CTPEMUTHCS Bpalath TpeyroibHUK ABC npoTuB 4acoBOM CTpENKU

S

OTHOCUTENIbHO TOUKHU A. UT0ObI cuiia F uMesna MUHUMAJIbHO BO3MOXKHYIO BEMUUUHY Fyun,, HaTO,
-

YyTOOBI BEKTOP CUJIbI Fiexan B miockoctu TpeyronbHuka ABC, 4To0b! 11e4o 3ToH CHIlbl ObLIO

OBl MAaKCUMAJIHPHO BO3MOXKHBIM (T.€. cuiia F' oypKHa OBITh MPUIIOKEHA B TOYKE, TPUHAIJICIKAIICH
tpeyronbHuKy ABC, 3Ta TouKa J0/KHA OBITh MaKCUMAIbHO YAAICHHOU OT Touku A). Takoi

TOYKOM, KaK BUJIHO U3 PUCYHKA, siBJisieTcs Touka C. UtoOwl npsmas AC Obuia miedoM cuibl F
>
He00X0IMMO, YTOOBI HANIPaBIIEHUE CHIIBI F ObLIO MEepIeHAUKYISPHBIM Tunotenyse AC.

= -
Hanumewm ycioBue paBHoBecus TpeyronbHuka ABC kak paBeHCTBO MOMEHTOB cull F' u mg
OTHOCHUTEJIBHO TOYKH A:

NA.,mg’ =mg AE = FMHH_AC = NA.,F"' (4.2)
N3 Hero noyyaem
Fuu. = Mg i—i. (4.3)

Bripasum AE uepes AC.
Paccmotpum tpeyronsauku AOE nu ABD. O603nauum yroa BAD kak yroin f.

W3 pucyHka BUIHO, 4TO
AE _ AB
cosp=—=—. 4.4
F=%a= m (44)
Touka nepeceyeHust MeIMaH TPEYTroJIbHUKA JIEIUT KKAYI0 MEMaHy Ha OTPE3KHU, JJIMHBI
KOTOPBIX OTHOCSTCS Kak 2:1. bonbIinii oTpe30k MeauaHbl BEIXOAUT U3 BEPIIUHbI
COOTBETCTBYOIIIEro yria. B mamewm ciyudae: OA = (2/3)A D, OD = (1/3)AD.

[ToncraBum OA B (4.4):

AE AB
cosf = @AD~ ap (4.42)
U3 (4.4a) momydaeM, 4TO
AE = (2/3) AB. (4.5)
Jlerko BUOETH, YTO
AB=AC cos a (4.6)

[Toncramnsis BeipakeHus (4.5) u (4.6) B (4.3), moayyaem OTBET.
Otser: Fuy = % mgcosa .

3aoaua 5. (30 6amnoB). Ha ropu3oHTanbHOM MOBEPXHOCTH CTOJA MOKOUTCS Tocka Macckl M. Ha
TOPU30HTAIBHON BEPXHEW MOBEPXHOCTH ITON JOCKH IMTOKOMUTCA Apyras JOCKa Macchl M.
Koad¢uimeHT TpeHns CKoMbXeHUsI MeXIy JocKaMu paBeH Wi. KoadunueHT Tpenus
CKOJIBXKEHHUSI MEXIY HIKHEH TOCKOH U CTOJOM paBeH 2 (2> p1). K BepxHel 1ocke mpuiIoxKuiIn
ropu30HTaNBbHYIO0 cuity F (cM. puc). HaliTu yckopeHus ay U 8z HUKHEH U BepXHEH JOCOK, CHITY
TpeHus Frp.1, BOSHUKAIONIYIO MEXy JOCKaMH, CUITY TPEHHS Frp2, BOZHUKAIOIIYIO MEXKIY
HVDKHEN JOCKOM U CTOJIOM.

I m I—i—-
| M |

Pemenue.
[Ipoananu3upyeM Bce BO3MOXKHBIE CITydau.
1. TlpunoxeHHas K BepxHel nocke cuia pasHa Hy w0 (F=0). Tena mokosites. Torna:

a,=a, =0. (5.1)

Cunel TpeHUs (CUIIBI TPEHUS TIOKOS) TOXKE PABHbI HYJIIO
F'rp.,l = FTp.l'[OK.,l = 0. (52)
F'rp.,Z = FTp.l'[OK.,Z = 0' (53)



2. TlpunoxxeHHas K BepxHei g0cke cuia He paBHa Hyo (F#0), Ho Tena mokosTcs. Toraa:

a, =a; =0. (5.4)

Cunel TpeHUs (CUIIBI TPEHUS TIOKOS1) HE PABHBI HYJIIO
FTp.,l = FTp.HOK.,l = F' (55)
F'rp.,Z = FTp.l'[OK.,Z = F- (56)

3. IlpunoxxeHHas K BepXHeii Jocke cuiia He paBHa Hymo (F£0). HmwxHss gocka mokourcst.
BepxHss nocka qBuxercs (CKOJIB3UT) 10 BepxHel nocke. Toraa:

a, =0. (5.7)
a, =~ (5.8)
Pemenue (5.8) cipaBeninBo, eciu
F > puymg. (5.9)
Cunel TpeHUs HE PaBHbBI HYJIIIO
FTp.,l = FTp.CK.,l = pmg. (510)
FTp.,Z = FTp.HOK.,Z = FTp.CK.,l = pmg. (511)

[Tpu 3TOM He HaO 3a0bIBATH, YTO CUJIA TPEHUS CKOJIbKEHUS MEXy TeIaMH (HUKHEH
JIOCKOH U CTOJIOM) HE MOXKET OBbITh 00JIbILIE CUIIBI TPEHUS CKOJIbKEHUS (MaKCHUMaJIbHOM
CHUJIBI TPEHUS TIOKOS MEXY HI)KHEH JOCKOU M CTOJIOM)
.ulmg = FTp.l'IOK.,Z < .u2 (m + M)g (512)

B cuny ycnoBus 3amgauu (U, > [4), HepaBeHCTBO (5.12) He TPOTUBOPEUUBO. ITO
03HayaeT, YTO JaHHbIM BUJ] IBUKEHUS (HUKHIS JOCKA TIOKOUTCS, BEPXHsIS JOCKA
JBUKETCS (CKOJIB3UT) 10 BEPXHEH TOCKE.) BO3ZMOKEH.

4. TlpuioxeHHas K BepXHel Jocke cuia He paBHa Hy:mo (F#0) u Tena aBHxKyTCS Kak
€IMHOE 1IEJI0E.
B aTOM ciyyae yCKOpeHHUs Te JETKO BhIUUCIAOTCA. OHU paBHBIL:

F—uy(m+M)
a, = a, = # (5.13)
Pemenue (5.13) cnpaBequBo, ecnu
F > p,(m+ M)g. (5.14)
Cuna tpenus (ckonbxenus) Fp, , paBHa
FTp.,Z = FTp.CK.,Z = U (m + M)g (515)

ITockoJIbKy BEpXHSS JOCKA JBHXKETCS C TOJIBKO YTO HAUJEHHBIM YCKOPEHHEM ap
6narogaps muub cuie F u cune TpeHus Fiprnox,1 (Cuile TpeHus Mokos, T.K. JOCKU He
JBIDKYTCS APYT OTHOCUTENHHO JIPYyTa), Mbl MOKEM 3aIUCATh COOTBETCTBYIOIIEE
YpaBHCHUEC NBUXKCHUA IJId BCpXHeﬁ JOCKH

mag = F— FTp.noK.,l (516)
N3 (5.16) monmydaem:

F—pu,(m+M)g _ FM+pu,(m+M)mg (5 17)
M+m - M+m ' '

O}IHaKO, BCJIIMYMHA CUJIbI TPCHUS ITOKOA BCErga orpaHndcHa CBEpxy BEIIMIHMHOMN CHIIBI
TPCHUS CKOJIbXKCHUA:

FTp.l = Tp.NoK.,1 — F—m

FTp.HOK..l = FTp.cK..l = pimg. (518)
[Toacrasnsiem B nocieanee HepaBeHCTBO (5.18) BoipaxkeHust 11st CHITBI Frp nox., 1,13
BbIpaxkeHus (5.17) Haiinem cuny F, mpu KOTOpPO#l TOCKM MOTYT ABUTAThCS KaK €IUHOE

1esoe:
F < R0 (g — 1) (5.19)

Ho (u; — t3) < 0 1o yciioBuro 3agadu. ITO 03HAYAET, YTO MOIYIIb CHIIBI F Hemonoxurenex;
F <0. (5.20)

[TomyyeHHOE MPOTUBOPEUNE O3HAYAET, YTO B YCIIOBHH HAIICH 3a/1aui 00€ TOCKW HU TIPH KaKOU
NpUIIOKEHHOM cuite F He OyayT IBUTAThCS KaK €AWHOE IIEeIOoe.



5. TlpunoxxeHHas K BepxHei g0cke cuia He paBHa Hymo (F#0). Jlocku ABHKYTCS APYT

OtBerT:

OTHOCHUTCIIBHO ApyTra U OTHOCUTCIIBHO CTOJIA. Hamuiem YpPaBHCHUA ABHUKCHUSA IJIA

KaXKJI0M U3 IOCOK:
ma, = F — mgp,
Ma, = mgu, — (m + M)gu,,
O0e cutbl TPCHUA — CUJIBI TPCHUA CKOJIBXXCHMA:
FTp.CK..l = mgi,.
FTp.CK..Z = (m + M)gMZ'

3anuiieM penieHust ITUX YPaBHEHUN:

aB :%’Fngﬁl,
—(m+M
a, = THCE g, > (m + M)gu,

HepasenctBo F = mgu, — 310 TpeboBaHME TOTO, YTOOBI BEIMYMHA A, ObLIA
HEOoTpULaTeNIbHa. DTO HEPABEHCTBO BBIIOJIHUMO U HEITPOTUBOPEUUBO.

(5.21)
(5.22)

(5.23)
(5.24)

(5.25)
(5.26)

HepasenctBo mgu,; = (m + M)gu, - 310 TpeGOBaHUE TOTO, YTOOBI BETMYNHA @, ObLIa
HEOTpHUIaTeNIbHA. JTO HEPABEHCTBO HEBBIMOIHUMO B ycinoBuu 3a1aun (1 < Uy). 910
03HAYAEeT, YTO B YCIOBUH HalIeH 3a71a4n 00€ TOCKU HU IIPU KaKO NpHiIokeHHo! cute F

He OyJyT ABUTaThCS JPYT OTHOCUTENLHO APYyra M OTHOCHTEIBHO CTOJIA.

Ay = Ay = O’ FTp.,l = FTp.nox.,l = O’ FTp.,Z = FTp.HOK.,Z = O’ ecnu F=0.
I[OCKI/I IMOKOATCA APYI' OTHOCUTCIILHO ApyTra 1 OTHOCHUTECIIBHO CTOJIA.

Ay = Ay = 0, FTp.,l = FTp.l'IOK.,l =F, FTp.,Z = FTp.HOK.,Z =F, ecmu F < mgp,

JIOoCKH TIOKOSITCSI IPYT OTHOCUTENILHO JIPYTa ¥ OTHOCHTEIBHO CTOJIA.
_ F-mgp,

a,=0,a, = — Frpex,1 = Frpnok,2 = MGy, ecma F = mgu,. Hukusas nocka

IMOKOUTCA OTHOCUTCIIBHO CTOJId, BEPXHAA AOCKA ABHUIKCTCA OTHOCUTCIIBHO CTOJIA C YKA3aHHBIM

YCKOPEHHUEM.



