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O/1MMNMaAa MKOJbHUKOB «JIOMOHOCOB»
0 MeXaHUKe U MaTeMaTUu4eCKOMY MO e/ IMPOBaHUIO0

3azanus 3aka4yuTebHoro atana 2019/2020 yyebHoro roza AJis 7 — 8 KaccoB

Bapuant 2020-7-8

. Benocumnen, MOTOIMKII U aBTOMOOWIIb CTAPTOBAIM OJTHOBPEMEHHO B OJIHOM TOYKE KPYTOBOM TPacchl U
nocxajiu B OAHOM HallpaBJICHUU. 3aKkoHYMIN ABWKCHUC OHU B TOT MOMCHT, KOI'ia BIICPBBIC ITOCJIC CTap-
Ta OISTH OKA3aJIMCh B OJTHOM U TOM K€ MECTE€ TPACCHI. 3a 3TO BpeMs aBTOMOOMIIb 000THAJI BEIOCHUIIETH-
cta 15 pa3. Ckoyibko Bcero ObIIIO OOTOHOB 3a 3TO BpeMs, €CIIM MOTOITUKI MEJICHHEEe aBTOMOOWIIS, HO
ObIcTpee Benmocunena’?

. 'aBpuia mpomén ¢ mocToSHHON CKOPOCTBIO BJIOJb BCEH IPaHUIIbI ITapKa, MMEIOIIETro (hOpMy HEBBIITYK-
noro BocbmuyroiabHuka ABCDEFGH, 3a 34 munytel. OH cTapToBai B Touke A, 3aTeM MOCIe0BaTelb-
HO miporren yepes Touku B, C, D, E, F, G, H u Bepuyncs B Touky A. IIpu sTom B Toukax B, C, F, G, H
oH nenain nmoBopoT Ha 90° HampaBo, a B Toukax D u E — moBopoT Ha 90° HaneBo. 3a kakoe Bpemsi OH
npomén ctopony AB, ecniu Ha yyactok EF on 3aTpatun 5 muHyT, a Ha yuyactok HA — 8 Mmunyt?

. Jletanb COCTOUT U3 ABYX, OJIMHAKOBBIX MO Macce yacteil. [I1oTHOCTh 0HO# yacTu paBHa 2/3 MIIOTHOCTH
apyroii. I'madupa B3BecHIa HeTanb, pa3jeiuua Maccy Ha 0O0BEM M TONydHMna pe3ymbraT 486 kr/me.
MO>KHO 1M HaWTH IUIOTHOCTH 00eux 4vacTed aeranu? Ecin MOXHO, HaHOUTE MX, €CJIM HENb3sI — 000C-
HYUTE HEBO3MOXHOCTb.

. "'aBpusie 17151 mpoBeIeHHsI SKCIIEpUMEHTa HY>KHO HarpeTb V = 1,25 1 )KUAKOCTH C yAEIbHOH TermIo&éMKo-
creto ¢ = 1000 [px/(xr - K) mo remneparypst t B mpomexytke or 80°C 1o 90°C . IInOTHOCTB XKHIKO-
ctu p = 0,8 r/cm3. Cmosxer i TaBpuna onpenenuTs TeMIEpaTypy HarpeTol KUIKOCTH ¢ TOUHOCTBIO
1o 0,5°C, ecnu npu nabopaTtopHoii Temmneparype t, = 20°C on Oyner ucrnoiap30BaTh TEPMOMETD, TETI-

70eMKOCTh KoToporo paBHa C = 10 JIx/kr?

. benplit MenBep BhIIIEN U3 TOUKU A, IpomI€n 3 KM Ha ceBep, MOTOM 3 KM Ha BOCTOK, IIOTOM 3 KM Ha oT
W oKa3zajcsi cHoBa B Touke A. Jlpyroii 6enbiii MeiBeIb BHIMIEN U3 TOYKH b, TpoIIén 5 KM Ha ceBep, To-
TOM 5 KM Ha 3amaj, IOTOM 5 KM Ha IO U 0Ka3aJiCsl CHOBA B TOUKe b.

Haiigute MakcMMalIbHO BO3MOKHOE PacCTOAHNUEC MCIKAY TOUKAMU Awnu E, €CJIn A10IYCTUTb, YTO 3eMis ume-

et opmy mapa paauycom 6370 KM U 4TO ONMCAHHBIE COOBITHS MIPOM3OIILIN CEBEPHEE IKBATOPA.

29 gpespans 2020 2.



Mockoeckull 2cocydapcmeeHHblll yHusepcumem umeHu M. B. /lomoHocosa

O/mMMnMaaa IKOJIbHUKOB «J/IOMOHOCOB»
II0 MEXdHUKE U MATEMATUYCCKOMY MO EC/INPOBAHUIO

3amaHuA 3aka4YuTebHOTO0 3Tana 2019/2020 yyeb6Horo roja AJs 9 KiaccoB

BapuanT 2020-9

. Benocumnen, MOTOIIMKI M aBTOMOOWIIb CTAPTOBAIM OJTHOBPEMEHHO B OJIHOM TOYKE KPYTOBOHM TPacchl U
IIOEXaJIM B OJJHOM HAIIpaBJICHUU. 3aKOHYWIN JBMKCHHE OHU B TOT MOMEHT, KOI'Z1a BIIEPBBIE IIOCIIE CTap-
Ta OISITh OKA3aJIMCh B OZTHOM U TOM K€ MECTE TPaccChl. 3a 3TO BpeMs aBTOMOOMIIb 000THAJI BEIOCHUIIEIH-
cta 15 pa3. Ckonbpko Bcero Obu10 0OrOHOB 3a 3TO BpeMsl, €CJIM MOTOLMKI MEJIEHHEe aBTOMOOMIISA, HO
ObIcTpee Benocunena’?

. TaBpuia npomén ¢ moCTOSHHOM CKOPOCTBIO BJIOJb BCEH I'paHUIIBI MapKa, HMEIoNero (opMy HEBBITYK-
noro Bocemuyronbanka ABCDEFGH, 3a 34 munyTtel. OH cTapToBail B TOUKe A, 3aT€M IOCIIEI0BATEIb-
HO miporren yepes Touku B, C, D, E, F, G, H u Bepuycs B Touky A. IIpu sTom B Toukax B, C, F, G, H
oH nenan noBopoT Ha 90° HampaBo, a B Toukax D u E — moBopot Ha 90° HaneBo. 3a kakoe Bpems OH
npouén ctopony AB, eciiu Ha yyactok EF on 3aTparun 5 munyT, a Ha yyactok HA — 8 Mmunyt?

. Jletanb COCTOMT U3 ABYX, OJIMHAKOBBIX MO Macce yacteil. [I1oTHOCTh 0HO# yacTu paBHa 2/3 MIIOTHOCTH
apyroii. I'nadupa B3Becuna neranb, pasaelwia Maccy Ha oObEM M MONydmia pesyinbTarT 486 Kr/mS.
MoOXHO JIn HaWTH MIOTHOCTH 00eux vacteil netanu? Ecin MOXHO, HaliAWTe UX, €CIIKM Helb3sd — 000C-
HYWTE HEBO3MOXKHOCTb.

. JIBa miapuka OAMHAaKOBOIO pajauyca cCOpOIIEHbl BEPTHKAIBLHO BHU3 0€3 HayaJlbHOW CKOPOCTH C OalllHu
BeicoToi 100 M. 3a TO Bpemsi, KOTOpoe TpeOoBaIOCh OBl KaXKIOMY M3 HHUX, YTOOBI IOCTUYb TOBEPXHOCTH
IIpU OTCYTCTBUHM aTMOC(QEpBHI, EepBbIN mposeren Toiabko 50 M, a BTopoit — 25 m. Halinute oTHOLIEHME
Macchl MEPBOT0 HIapUKa K Macce BTOPOI0, CYUTAsI CHITy COTNPOTHUBIIEHUS IBUKEHUIO TIOCTOSIHHOM BEJH-
YUHOM.

. 'aBpusie 17151 mpoBeIeHHsI SKCIIEpUMEHTa HY>KHO HarpeTb V = 1,25 1 )KUAKOCTH C yAEIbHOH TerIoéMKo-
creto ¢ = 1000 [px/(xr - K) mo remneparypsl t B mpomexxytke or 80°C mo 90°C . IInOTHOCTB XKHIKO-
ctu p = 0,8 r/cm3. Cmosxer u T'aBpuna onpenenuTs TeMIEpaTypy HarpeTol )KUIKOCTH ¢ TOUHOCTBIO
1o 0,5°C, ecnm mpu nabopaTtopHoit Temmeparype t, = 20°C on Oyner ucmnoap30BaTh TEPMOMETD, TETI-

70eMKOCTh KoToporo paBHa C = 10 JIx/kr?

. benplif MenBenp BhIIIEN U3 TOUKH A, IpoIIEN 3 KM Ha ceBep, MOTOM 3 KM Ha BOCTOK, ITOTOM 3 KM Ha OT
U OKa3aJcsi cCHOBa B Touke A. [[pyroii Oenblit MeaBeb BHIIET U3 TOYKH b, mpomén 5 KM Ha ceBep, Mo-
TOM 5 KM Ha 3aIr1aji, 1OTOM 5 KM Ha IOoT' M OKa3ajcs CHOBa B TOUKe b.

Haiigute MakcMMalIbHO BO3MOKHOE PacCTOAHNUEC MCIKAY TOUKAMU Awnu E, €CJIn A0IYCTUTb, YTO 3emis ume-

et opmy mapa paauycom 6370 KM U 4TO ONMCAHHBIE COOBITHS MIPOU3OIILIN CEBEPHEE IKBATOPA.

29 ¢pespans 2020 a.
OLIEHOK 3a/1a4:



Kaxxnas 3amaua onenuBaercs B 20 6amioB. Onenka 20 6aiioB CTaBUTCS 32 MPABUIHLHOE U TIOJTHOE
pelieHue 3aj1a4i U IpaBUIbHBIA OTBET.

3a pelieHre ¢ pa3IMYHBIMU HeJ0UYeTaMu (HeOCTaTKH 000CHOBAHHUS, HETOYHOCTH U T. JI.) CTABUTCS
15 6amoB. B HEKOTOPBIX 3a7a4aX CTABWIMCH TaKKe OleHKH S 1 10 6ayuioB 3a 4aCTUYHOE MPOJABUKEHUE B

peleHun.

OTBeTHI M pemieHust
1. OtBert: 29. Pemenue. [lycte MoTOIMKI TTpoexan Ha M KpyroB OOJIbIIE, YeM BEJIIOCUTICUCT, 2 aBTOMOOHIIb
—Ha A KpyroB OoJibllIe BEJIOCUIIEANCTA. 3aMETUM MPU ITOM, UTO ITyTh BEJIOCUIIEIUCTA HE 00s13aH paB-

HATHCS I[EJIOMY YUCITy KPYTOB, HO Pa3HOCTH My TEH JOJHKHBI OBITh IICITBIMH.
Torga MOTOLIMKII 0OOTHAJI BEJIOCUIIEAUCTA (M —1) pa3, aBTOMOOMIb 00OTHAJI MOTOLMKJIMCTA (A—M —l)
pa3, aBTOMOOMIIb 0OOTHAJI BEJIOCUTICINCTA (A —1) pa3. 1 Bcero o6roHoB Oyner

M -1+ A-M -1+ A-1=2A4-3. llpu 3tom 1o yciouro A—1=15, To ectb A =16. 3Hauur, Bcero
o0roHoB Oyzner 2-16—-3=29.

2. OtBet: 4 munyThl. Pemienune. [Tonyyaercss BOCBMHYTOJIBHUK, UMEIONTUHN (hOpPMY, TTOKa3aHHYIO HA PUCYHKE.

ITo ycnoButo, Bpems npoxoxaenus orpeska AH paBHo 8, Bpems

npoxoskaenus orpeska EF pasuo 5. ITycth nuckomoe Bpems A B
MpOoX0XKIeHUs oTpe3ka AB paBHO X, Bpemsi IPOXOKIEHUS C
orpeska DC paBuo y. Torma HG =5 + x —y. Kpome Toro, 5 .
BC+DE+FG=AH =8.

Torma nepumeTp napka paBeH n .

AB+DC +EF +HG + AH +(BC + DE + FG).

Tak kak cKOpoCTb JBUKEHUSI ['aBpUIIbI TOCTOSIHHAS, TO TIOCTIE JIEJIEHHSI Ha CKOPOCTh MOJTy4aeTcsl ypaBHEHHE

AJI1 COOTBETCTBYIOIIHUX BPCMCH:

34=x+y+5+(5+X—y)+8+8 < 34=2x+26 < x=4.

3. Otset: 405 kr/M® u 607,5 xr/m°. Pemenne. OG03HaYMM OJIMHAKOBBIE MACChl YacTeil uepe3 M, MIOTHOCTHU

m m
yepe3 2p u 3p. Torna nepsas 4acte UMeeT 00beEM 2, a BTOpas — 35 3HauuT, Macca Opycka paB-
P

m m bm
Ha 2M, a 00beM paBeH — + — = —

2p 3p 6p



[Tonyuyaem ypaBHEeHHE M =486, orkyna p =486- i = @ )
5m 2-6 2

3HAYUT, IJIOTHOCTH YacTen paBHbI 405 kr/M° 1 607,5 kr/M® COOTBETCTBEHHO.

mlalzmlg_F1

4. OtBer: 3 : 2. Pemienue. M3 BToporo 3akoHa HproToHa:
m,a, =m,g—F.

F=m19
1 1 2 ' m 3
Tak xak a, =—¢, a,=—0, TO TO €CTh — = —,
2 4 F=3ng m, 2

4 i)

5. OtBet: He cMmoker. Pemenune. 3amuiiem ypaBHenue Oamanca teria: cVp(t —t;) = C(t; — ty). 3mech

tl — TEMIICpATypa KUAKOCTHU, KOTOPAA YCTAHOBUTCA B JKUAKOCTHU, IOCJIC OIIYCKaHHA B HEC TCPMOMCET-

pa. O6o3HauuM k = % = 0,01 u BBIpa3uM pa3HOCTb TEMIIEPATYP:

(t—t;) == 17e 80°C < t < 90°C.

UYewm Gompiiie pa3Hocth (t — t), TeM OOJIblIIe MOrPEIIHOCTh 3MepeHus. MakcuManbHas OIIMOKa COCTaBUT

0,01(90—20)

~ 0,7°C.
1,01

(t—t) =

IToaToMy nemnaeM BBIBOJ O TOM, YTO U3MEPUTH TEMIIEPATypy ¢ TOYHOCTHIO 10 0,5°C I'aBpumiia HE CMOXKET.

6. OTBeT: 8+i ~ 9,3 kM.
Vg

Pemenue. Bo3amoskHas Touka crapra Ha FOXHOM moiroce oTBepraercs MOCIEIHUM YCIOBHEM. Takke He-
BO3MOXKHO CTapTOBaTh Ha 3 KM (HJIM COOTBETCTBEHHO Ha 5 KM) to’kHee CeBepHOro MoJoca, Tak Kak Ha

IOJIFOCE ABMKCHHEC HAa BOCTOK MJIM 3aIliaJ HEBO3MOXKHO.

EnuHCcTBEHHAs BO3MOXKHOCTH I IIEPBOIO MEJBESA: CTAPTOBAaTh YyTh Jajblle, 4eM 3a 3 kM 10 CeBepHOro
I0JIFOCA, 3aTEM COBEPILIUTH OJUH MM HECKOJBKO IOJIHBIX KPYTOB BO-
Kpyr MOJIOCa CyMMapHOW JJIMHOW 3 KM U BEPHYTHCS B HCXOJHYIO

touky. Ecnu gemaercs poBHO N Kpyros, To N- 27 =3, TO €CTh paanyc

>

Kpyra paBeH I =2i. [Tpu stom (cm. pucynok) BC=r, AB=3.
zn



[Tonywaercs Sina =—, rue R — paguyc 3emnu. 3HaYUT, pacCTOSHUE OT OKPY>KHOCTH JI0 moitoca BP

r
R

(r (3
paBHO Ra = R-arcsin (E) . Torna paccrostnue ot Touku A 110 mostoca paBHO 3+ R - arcsm( j .
zn

AHAJIOTUYHO TOYKA crapTa BTOPOro MCIABCOASA HAXOAUTCA OT CeBepHoro noJjiroca Ha pacCTOIHHUU

5+R-arcsin(2 S

) (rme K — Kou4ecTBO KPyros).
V4

Paccrosaue AP 6yz[eM MaKCHUMAaJIBHBIM, €CJIM MEABCAU IMIPUXOAAT K ITOJIFOCY C Pa3HbBIX CTOPOH U IIPpU 5TOM

n=Kk =1. Torma

AB =3+ R-arcsin i +5+R-arcsin i =8+ R-| arcsin i +arcsin i .
27R 27R 27R 27R

Tak kak npu MajblIX & HMECT MCCTO PABCHCTBO Sinaza, TO IMOJydacm HpI/I6J'II/I)KeHHO€ 3HAa4YCHUC

Ab ~8+R- i+i z8+iz9,3 KM.
27R  27R T

. 2 ~
3aMeTI/IM, qTo 31€Ch SIN( HMMEET MOPSIa0K _R <10 4 . HOBTOMY JaHHas OLICHKa OKa3bIBACTCA OYCHB TOY-
T

HOoM. OmnbKa cocTaBisgeT ropasao MCHEC MUJIJIMMCETpA.

Z[J'IH IIKOJIbHUKOB 7-9 KIaccoB OLICHKAa TOYHOCTH HC Tpe6yeTc;1.



