Mockoeckull 2cocydapcmeeHHblll yHugepcumem umenu M. B. /lomoHocosa

OJiMMNHuaZa MKOJIbHUKOB «JIOMOHOCOB»
0 MeXaHMKe U MaTeMaTHYeCKOMY MO/ e/JTHPOBAHUIO

3ajlaHus 3ak/aounTebHOro aTana 2024 /2025 yye6Horo roga AJis 7 - 8 K/J1accoB

BapuaHT 25-78

B Tpu oaMHAKOBBIX CTaKaHa HAJIWIN OJUHAKOBOE KOJIMYECTBO BOJIBL. 3aT€M B KAXK/bIH U3 HUX OILY-
CTHJIM 110 KyOHKY JibJa. Bce KyOMKM 0JTMHAKOBBIE 110 BHEIIHUM pa3MepaM, HO B IIEPBOM U3 HUX
uMeeTcs ycToTa oobeMa V, Bo BTOpoM — 3amasiHa JpoOuHKa 00beMoM V, a B TpeTheM — 3arasH Jie-
PEBsIHHBIN mapuk 00beMoM V. B kakoM u3 cTakaHoB OyieT caMblii HU3KUN YPOBEHB BOJIbI TIOCIIE
TOrO, KaK JIEJl pacTaeT, a B KAKOM CaMbIil BHICOKUI?

IInoT npeononeBaeT paccTosiHUE MeXAY npucTaHaMu Bepxuss u HuwkHas, 1Burascs BHU3 10 Teye-
HUIO pEKH, Ha 6 4acoB JI0JIbIIE, YEM MOTOPHAs JIOJKA. DTa )K€ JIOJIKA JAHHOE PACCTOSHUE IPOILIbI-
BaeT Ha | yac OpIcTpee, UeM MpH ABMKEHUH B IPOTUBOIIOI0KHOM HAIPaBJICHUH. 3a KAKOE€ HAUMEHb-
11ee BO3MOXHOE BpEMS INIOT MOXKET JOILIBITh OT BepxHeit 1o Huxkxnein?

C xakoil cOOCTBEHHOI CKOPOCTBIO JIOJKEH JIETETh CAMOJIET, YTOOHI 3a J]Ba Yyaca MpoJIETETh B CEBEp-
HOM HarnpasJeHUH BA0Ib Mepuauana 1000 kM npu HaaM4MU BETpa, AyIOLIEr0 IPUMEPHO C Oro-3a-
Ma/IHOTO HarpaBieHus oA yriaoM 60° k Mmepuanany co ckopocthio 30 km/4gac? JlaiiTe Kak TOUHBIN
OTBET, TaK ¥ OTBET, OKPYTJICHHBIN 10 OJrrKaIIero meaoro yucia (B km/gac).

I'magupa ckaunBaet u3 MHTEpHETa BUACOPOIIUK C IOCTOSTHHON CKOPOCTHIO. B monaens, koraa
qachl IIOKa3bIBaJIM BPEMS B yacax, MUHyTax U cekyHaax 12:00:00, ona 3ameTuia, 4To ckadaiaoch 84
MBb u ocraBieecs BpeMs 3arpy3ku cocraBuio 30 cekyHa. A mocie Toro, kKak oHa ckadana 96 Mb,
ocTaBIIeecs: Bpemsi 3arpy3ku coctaBuiio 12 cexkyna. Kakoe Bpemsi moka3plBajid 4achbl B MOMEHT
Hayaja 3arpy3ku pojauka’?

B ropsiayio Bojty OnmycTHIIN XOJIOAHBIN METATHUECKUi OpYCOK, Macca KOTOPOro B 2 paza MEHbIIE
Macchl BOJIbI, a TEIJIOEMKOCTh MeTajuia B 4,5 paza MeHbIIIe TEIIOEMKOCTH BOJIbl. B HEKOTOPBIN MO-
MEHT BpEMEHH t; TeMIiepaTypa Bojibl Oblia Ha 5% OoJibIlie TeMIepaTypbl TEpMOIUHAMUYECKOTO PaB-
HoBecus T, CUCTEMBI «BOJIa — METAITUYECKUH Opycok». Ha CKOJIbKO MPOLIEHTOB B ’TOT MOMEHT TEM-
nepaTypa MeTaJUTMYeCKoro Opycka MEHbIIe TeMIepatypsl T, ?

30 mapma 2025 2.



1.

Pemrenne.

OTBeT: cTaKaH ¢ APOOMHKON — MAKCUMYM; NEePBbIii cTakaH — MUHUMYM. Bo Bcex cTakanax kK
MCXOJIHO OJIMHAKOBBIM 00beMaM BObI V 100aBMIMCH OMHAKOBBIE 00BEMbI V' BO/IBI U3 pacTasiB-
IIETO JIbJIA, TAK KaK MAcChI JIbAa ObUIM UCXOHO OMHaKoBbIe. Haubounpmmii ypoBens Boasl V) +

V + v Oyzer B cTakaHe ¢ MOTOHYBILIEH ApoOMHKOM (V — 06'beM APOOUHKH ), a HANMEHBIINN — B

MIEPBOM CTaKaHe, I7ie¢ ObLI JIe]] C MyCTOTOM.

Otert: 7, 5. IlycTh cOOCTBEHHAsE CKOPOCTH JIOJAKH U CKOPOCTh TEUCHHUSI PEKHU PABHBI COOTBET-
CTBEHHO X KM/4 ¥ Yy KM/4. EciH 10T npeozoneeTr paccTosiHue S KM MeXIy npuctansmMu A u B 3a t
4acoB, TO

ty=(t—-6)(x+y)=({—-5x~-y)
(x+y)/y=t/t=6) u (x—y)/y =t/ —5).

Torna
2=x+y)/y-(x=y)/y=t/Ct—-6)—-t/t=5)= 2(t-5)(t—-4) =t

W3 nocnennero kBajpaTHoro ypaBHeHus nomnyyaem t = 4 win t = 15/2. Tlo ycnoButo 3a1a4u
t > 6, nosToMy t = 15/2 = 7,5 (4acoB)

Oteer: 10V2359 = V235900 ~ 486 km/u.

Hy>xHast CKOpOCTb HaXOAUTCS U3 TPEYTOJIbHUKA CKOPOCTEH ¢ M3BECTHBIMH cTOpoHamu 30 KM/4 1
500 xm/9 (3T0 1000 kM 32 2 yaca) u yriom mexay Humu 60°. Jlerdye Bcero 3To caenarh Mo Teopeme
kocuHycoB. Ho Tak kak oHa B 7-8 Kilaccax €Il He U3y4aeTcs, MOKHO JIBaXKIbl BOCIIOIb30BATHCS
teopemoii [Iudaropa. Buauane HaxoauTCs KaTeThl «OO0JIBIIOT0» NPSIMOYTOJIBHOTO TPEYTOJIbHUKA C

yraamu 30° 1 60°, paubie 500/2 = 250 u 250+/3. Tocie 3TOro HyKHas CKOPOCTb ITO THIIOTEHY3a

«MaJIEHBKOTOY» TPEyTolIbHUKA ¢ KaTeTamu 2503 u 250 — 30 = 220. KBaapaT cKOpOCTH T0OTyda-
eTCs PaBHBIM (250\/§)2 + 2202 =100 - (625 - 3 + 484) = 100 - 2359, oTcI0aa CKOPOCThH PaBHA
10v2359 km/u.

Jist mosy4enus OKaiIero Meaoro HyXKHO WM YMETh BBIYUCIIATh KOPHU «B CTOJIOUKY, WIIH, CJie-
JaB «KOHTPOJIbHBIE» BO3BEIEHUS B KBAIpaT, MOCTEIIEHHO «I10100paThes» K OmmKaiiemMy 1enomy
(IpUMEpHO 5 MUHYT BBIYMCIICHUH B CTONOUK). B «4HCTOBHKE» HOCTATOUHO HAMMCATh, YTO

485,52 < 235900 < 486. D10 03HayaeT, uTO ONMKAaiiiee Lenoe ecTh 486.

[TpubmmkeHHoe 3HaUeHue (71 KOHTpos): 485,695...

OtBet: 11:57:54. Ha ckaunBanue 96 — 84 = 12 M6 eii motpedoBanoch 30 — 12 = 18 cekyna. Oto
O3HAYaeT, YTO CKOPOCTh CKauMBaHus paBHa 12/18 = 2/3 M6/cexk.



. 2
Torna na ckaunBanue 84 M6 eit motpeboBanocs 84 : 3= 126 cek., a mostomy ['nagupa Hauana

CKaYMBaHUE POJIMKA 32 2 MUHYTHI U 6 CEKyHJ 10 MOIXyAHs. 3HAUUT, BpEMsI Hauajla CKauuBaHUs po-

nuka: 11 gacos, 57 MUHYT, 54 CEKYH]IbI.

5. OtBet: 45%. YpaBHEHHE TEIIOBOTO OanaHca MpH JOCTHKEHUH TEIUIOBOTO PABHOBECHSL:

cm OT, + T,
em(T, = T,) = ?(Te —-T)=T, = o (1)
B MoMeHT BpeMeHH t, ypaBHEHHE TEIJIOBOTO OanaHca:
cm
em(Ty ~T") = = (" = Ty) @
0O603HaunM ;— =1+ a(a=0,05); TT— =1— B (B — uckoMasi BeJIMUMHA).

U3 (2) ¢ yuetom (1) u 0603HaUCHUIA:
T, —T)=T"—-T,) =9T' +T" =97, +T,; T +T" =T, =91 +a)+ (1 -B) =10
N tak, f = 9a = 0,45



Mockoeckull 2cocydapcmeeHHblll yHugepcumem umenu M. B. /lomoHocosa

OJiMMnMaZa MKOJIbHUKOB «J/IOMOHOCOB»
[0 MEXaHHKE U MaTeMaTHYeCKOMY MO/ eJTHPOBAHUIO

3aaHus 3ak/aounTebHOro 3Tana 2024 /2025 yyebHoro roga s 9 - 10 kiaccoB

BapuaHT 25-910

ITnot npeononeBaeT paccTossHUE MEXTY TpUCTaHsIMU BepxHsas u HuxHss, ABUrasch BHU3 110 TeUe-
HUIO PEKH, Ha 6 4acoB JI0JIbLIE, YEM MOTOPHAS JIOAKA. JTa K€ JIOAKA JaHHOE PACCTOSHUE IPOILUIbI-
BaeT Ha | yac OpIcTpee, YeM NpH JABMKECHUH B IPOTUBOIOIOKHOM HAIIPAaBICHUU. 32 KaKoe
HauMEHbIIIEE BO3MOKHOE BPEMsI IIJIOT MOKET AOIUIBITh OT Bepxueit 1o Huxuei??

C xakoit coOCTBEHHON CKOPOCTHIO JOJDKEH JIETETh CaMOJIET, YTOOBI 32 JBa yaca MpoJIeTeTh B CEBEP-
HOM HarnpasjeHUH BA0Ib Mepuauana 1000 kM npu HaaUM4MU BETpa, AyIOLIEr0 IPUMEPHO € FOro-3a-

1 . .
[IaJHOI0 HampasieHus noj yriaoMm 60° k MepuanaHy cO CKOPOCTBIO 85 m/cex? JlaiiTe KaK TOUHBIN

OTBET, TaK ¥ OTBET, OKPYTJICHHBIN 10 OIrKaIIero meaoro yucia (B km/gac).

I'madupa ckaunBaet u3 MHTEpHETa BUACOPOIUK C MOCTOSTHHON CKOPOCTHIO. B mosiens, kornia yacel
IIOKa3bIBAJIM BpEMs B yacax, MUHyTax U cekyHaax 12:00:00, ona 3ametuia, uyto ckayanock 84 Mb u
ocTaBIeecs: BpeMs 3arpy3ku coctaBuio 30 cexyHa. A moclie Toro, kak oHa ckadana 96 Mb, ocras-
mieecsi BpeMs 3arpy3ku coctaBuio 12 cexyna. Kakoe BpeMs moka3bIBajau 4achl B MOMEHT Hauaja
3arpy3Ku poJyinka?

Ha paccrossHum 2 M oT kpast crona BbicoTo 80 cM JEKUT MalleHbkuil Opycok. EMy mpumaroT
HayvaJIbHYIO CKOPOCTb 5 M/C B HaIllpaBICHUU Kpasi. BpyCOK CKOJIB3UT IO CTOJICIIIHHULIE U 3aTEM CIIETaeT
co ctona. Haiinute paccrosiHue OT TOYKM OTpbIBa OpycKa OT CTOJA J0 TOYKH, B KOTOPOH OpycOK
KocHetcs nosa. Koadurment tperns Mexxay OpyckoM u croemnuneit pasex 0,4, yckopeHue cBo-

M
0OJHOrO NaJeHus CYuTaTh paBHeIM 10 —.
C

CreHpl, 110J1 ¥ TIOTOJIOK KOMHAThI MapajljieIbHbl KOOPIAUHATHBIM IJIOCKOCTSIM IPSIMOYTOJIBHOM CH-
CTeMbI KOOpAMHAT. YIIUTKAa MOXKET IepeMenaTbes JIM00 MO MOTONKY (MJIOCKOCTh Z = 3) B JII0OOM
HanpaBJIeHUH, MO0 10 1oty (TockocTsh Z = 0) B M000M HampasieHUH, 1100 napamiensHo ocu 0z
B IUIOCKOCTH OJIHOM M3 4eTbipex cTeH (miockoctu x = 0,y = 0,x = 10,y = 10). Haligure munu-
MaJIbHOE BpEMs, 32 KOTOPOE YJIMTKAa MOXKET JOOpaThCsl U3 TOUYKU A ¢ KoopauHaTamu X = 4,y =
3,z = 3 BTOUKYy B ¢ koopaunatamu x = 7,y = 7,z = 0, eciii CKOPOCTb YIUTKH IIPU IBUKEHUU 10
MOTOJIKY WJIM TIO TOJIy paBHa 1 M/MUH, a IpH cIycke 1o cteHe 2 M/MuH. OTBeT naiiTe B MMUHYTax,
P HEOOXOIMMOCTH OKPYTJIUB €ro 0 ACCATHIX. Bce KoopnHATHI yKa3aHbl B METpax.

B ropsiuyio Bogy OnmycTHIIN XOJIOAHBIA METAJUIMYECKUN OPYCOK, Macca KOTOPOTo B 2 pa3a MEHbIIIE
Macchl BOJIbl, @ TEINIOEMKOCTh MeTajlia B 4,5 pa3a MEHbIIE TEIUIOEMKOCTH BOJIbl. B HEKOTOpPBI MO-
MEHT BPEMEHH t; TemIepaTypa Bojbl Oblia Ha 5% Oosbliie TeMnepaTypbl TEPMOAMHAMUYECKOTO
paBHOBecHs T, CUCTEMBI «BOJ]a — METAITMUECKUI Opycok». Ha CKOJIbKO MPOIIEHTOB B 3TOT MOMEHT
TeMIIepaTypa MeTaNIN4ecKOro OpycKa MeHbIIe Temreparypsl T, ?

30 mapma 2025 2



1.

Pemrenmne.

Otgert: 7, 5. IlycTh cOOCTBEHHAsI CKOPOCTD JIOAKH U CKOPOCTh TEUCHHSI PEKH PaBHBI COOTBET-
CTBEHHO X KM/4 ¥ Y KM/4. EciH 10T npeozoneer paccTosiHue S KM MeXIy npuctansmMu A u B 3a t
4acoB, TO

ty=(t—-6)(x+y)=({—-5(x~-y)
(x+y)/y=t/(t=6) u (x—y)/y =t/ —5).

Torna
2=x+y)/y-(x=-y)/y=t/Ct-6)-t/(t=5)= 2(t-5)(t—-4) =t

W3 nocnennero kBagpaTHoro ypaBHeHus nonyyaem t = 4 wim t = 15/2. Tlo ycnoButo 3a1a4u

t > 6, nosTomMy t = 15/2 = 7,5 (4acoB).

Otser: 10v2359 = V235900 ~ 486 xm/u. HyxkHas cKOpOCTh HAXOAUTCS 110 TEOpEME KOCHHYCOB
U3 TPEYToJbHUKA CKOPOCTEN C U3BECTHRIMU cTOpoHaMu 30 Km/4 (3T0 8§ m/cex) u 500 km/9 (310

1000 kM 3a 2 yaca) u yriaoM mexay Humu 60°. Keaapar ckopoctu monydaercs pasabiv 302 +

5002 —30-500 = 100 - (9 + 2500 — 150) = 100 - 2359, orcroaa ckopocts pasua 10v2359

KM/4.

Jist mosmy4eHus OKaiIero Meaoro HyXKHO WM YMETh BBIYUCIIATh KOPHU «B CTOJIOUKY, WIIH, Clie-
JaB «KOHTPOJIbHBIE» BO3BEIEHUS B KBAIpaT, MOCTEIIEHHO «I10100paThes» K OmmkaiiemMy 1enomy
(IpUMEpHO 5 MUHYT BBIYMCIICHUH B CTONOMK). B «4HCTOBHKE» HOCTATOUYHO HAMMCATh, YTO

485,52 < 235900 < 486. D10 03HavaeT, uTO ONMKAaiiIee Lenoe ecTh 486.

[TpubmmkeHHoe 3HaUeHue (715 KOHTpos): 485,695...

OtBet: 11:57:54. Ha ckaunBanue 96 — 84 = 12 M6 eii motpedoBanoch 30 — 12 = 18 cekyna. Oto
O3HAYaeT, YTO CKOPOCTh CKauMBaHus paBHa 12/18 = 2/3 M6/cexk.

. 2
Torna na ckaunBanue 84 M6 eit motpeboBanocs 84 : 3= 126 cek., a mosromy ['naupa Hauana

CKaYMBaHUE POJIMKA 32 2 MUHYTHI U 6 CEKyHJ 10 MOIXyAHs. 3HAUUT, BpEMsI Hauajla CKauuBaHUs po-

nuka: 11 gacos, 57 MUHYT, 54 CEKYH]IbI.

OrtBert: 1,44 M. I3 3aKk0oHa COXpaHEHUsI SHEPTUU CKOPOCTH MPH MAJACHUH Ha N0 OyIeT paBHa:

Vi=V¢-2glu+2gh =V, = STM,VO = STM,I =2mMm,h =0,8mMmu = 0,4. Ilanenue 6e3 HayaIb-

h
= 0,4 c. IIpu 3TOM CKOpPOCTb IIPH MAIEHUU

. 2
HOW CKOpPOCTH C BBICOTHI h 3aHMMAaeT Bpems t = "

Oyzer paBHa



: 4
V, = gt = 4M/c. DTo 3Ha4MT, 4TO OPYCOK MAJAET MO YIJIOM &: Sina = - Orcrona cinenyet, 4yTo

IPOEKIIHs CKOPOCTH Ha TOPU3OHTAIBHOE HampaBiieHue OyeT paBHa

V1=V2COS(X=5'§=3M/C.

Taxum o6pazom, Opycok yneTut Ha paccrosiaue S = V; - t = 1,2 M. OcTtaercst BBIYUCIUTD THIIOTE-

Hy3y v/ 1,22 + 0,82 = /2,08 = 1,44 m.

Otser: \/97 +1,5 ~ 11,3 munytsr. Crpoekrupyem curyario Ha miockocts z = (). Otpasum

TOUKY B CHMMETPUYHO OTHOCHTENLHO CTEH KOMHATHI, Hoy4uM Touku By, B,, By u B, (puc. 1).

Ay

[*
10

Bz\ H/.Bs

B
Puc. 1
Haiinem paccrosnus AB,, AB,, AB;, ABy:

AB? =(7-4Y +(-7-3)* =9+100=109;
AB} =(=7-4) +(7-3) =121+16=137;
AB} =(13-4)" +(7-3)* =81+16=97; 4B} =(7—4)" +(13-3)* =9+100=109.

Tax kak HauMeHbIIMM sBisieTcS AB, =+/97 , To KpaTualiimuii MApIIPYT YIMTKH COCTOUT M3 OT-
pe3ka IMHON A H 110 MOTOJIKY, CITyCKa [0 BEPTUKAJIN B 3TOM TOUKE, OTpe3Ka AIMHON HB 1o nomy.
Jlmana mapuipyTa coctasut AH + HB = AB; =+/97 metpos 1o motonky u mo noiy u 3 MeTpa

10 BEPTUKAJIBLHOMN CTECHE.

Jo7 3

+ — MHUHYT.

Bpewms nBuxeHus paBHO

Tax kax 9,8” = 96,04 <97 < 97,0225 = 0,985, 10
J97 +1,5€(9,8+1,5;9,85+1,5) = (11,3;11,35). 3naunr, \/97 + 1,5 ~11,3.

OtBert: 45%. YpaBHEeHHE TEIIOBOro OajlaHCca MPH JOCTHXKEHUH TETIOBOTO PaBHOBECHS:

cm oT, + T,
cm(Ty —T,) = ?(Te -T,) =T, = o €Y

B MoMeHT BpeMeHH t, ypaBHEHHE TEIJIOBOTO OanaHca:

cm
em(Ty —T') == (T" — T2) (2)



!

0O0603HaUNM ;— =1+ a(a=0,05); TT— =1— B (B — uckoMasi BeJIMUMHA).

U3 (2) ¢ yuetom (1) u 0o603HaUCHUIA:
T, —T)=T"—-T,) =9T' +T" =97+ T,; T +T" =T, =91 +a)+ (1 —-B) =10
U tak, f = 9a = 0,45.



