Onumnuana mkoJbHUKOB «JlomoHocoBy 2021/2022 yueOHBIM roj
PoGoTorexnuka. OTOOpPOUYHBIHN ATall

10—-11 xmacc
Nel (5 6annoB)

PoGoT momkeH kak MOXHO ObICTpee mpoexaTh Tpaccy. Tpacca COCTOUT U3 TPEX
BHJIOB AJUIMIICOB: U3 JIBYX PaBHBIX OOJBIIUX 3JUIUIICOB, OJJHOTO CPEAHETO DILIUIICA
U JIBYX PaBHBIX MAJICHbKHUX 3JUIUIICOB (CM. cXxemy mpaccuwl).
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K M F

Cxema mpaccol
PoGoT cTapTyer B Touke A B HampaBJIEHUU TOYKHU R, /anee OH JOJDKEH MpoexaTh
BCIO Tpaccy 2 pasa, IIOCJI€ Yer0 OH MOJIYYUT KyOuK B TOUKE A, C KOTOPHIM poOOT
JOJKeH (PUHUILIMPOBATH B TOUKE N.

1
N3BectHo, uto HC = 3 M, ko3(pPULMEHT ckaTusi 3JUIMIICA PaBEH =, MOJIYOCH
3

MaJIEHbKOT'O 3JUIMICAa B 2 pa3a MEHbIIE COOTBETCTBYIOUIUX MOJIyOCEH OOJIBIIOTrO
sammunca. [lomyocu cpennero smnunca B 1,5 pa3a OGofbliie COOTBETCTBYIOIIMX
MOJIyOCel MaJICHbKOTO 3JUTUIICA.

Onpenennute MUHUMAIBHYIO JIMHY MyTH, KOTOPBIN JTOJKEH MPEO0JIeTh poOOT MO
Tpacce. Cbe3kaTh ¢ IMHUU poOOT He MoxeT. [lpu pacuérax npumute m =~ 3,14.
OTBeT maiiTe B CaHTUMETPaAX, OKPYTIIUB pe3yybTaT J0 AecAThiX. B 0TBeT 3anuiure
TOJBKO YHUCIIO.

YtoObI MOAYy4YUTh 0OJI€E TOYHBIN OTBET, OKPYTJIEHUE CTOUT MPOU3BOIAUTH TOJBKO
MIpU MOJIyYE€HUU (PUHATLHOTO OTBETA.

CnpaBouyHas uH(popMaIus
dnaunc — 3mo 2eomempuyeckoe Mecmo modex NI0CKOCmU, OJisi KOMOPbIX CYMMA
paccmosanull 00 08yx oanHvix moyek Fy v F, (nazvieaemvix poxycamu) nocmosmua
u bonbule paccmosHus mexcoy oxkycamu, m. e.

|MF;| + |MF,| = 2a,npuuém |F; F,| < 2a.




Ilepumemp s11unca MOMCHO NPUOTUNCEHHO BLIYUCIUMb NO opMyTe:

mab+(a—b)?
~ X —
L 4 a+b

No2 (10 6amnnoB)

HarnsgaeiM — cpeACTBOM — INPEJACTABICHHUS  ITOCICAOBATSIBHOCTH  BBIYUCICHUS
MaTeMaTUYECKUX BBIPAXKEHUM MOTYT CIIY>KUTh rpadsl (CM. npumep epagha).

Ilpumep epagha

3HayeHue BbIpaxeHus, rpad KOTOPOTo MpeCTaBlIeH B mpumepe, Oyaer paBHo 60.

Takoii rpad npencrapiseT coOoi AepeBO, TUCTHSIMU KOTOPOTO SIBIIIOTCSA YHCIA, a
MpoYre BEPIIMHBI — omneparusiMu. PEOpa COEOUHSAIOT BEPUIMHY-OMEPAIUIO C
BEPIIMHAMHU-OTIEPAHIAMU.

[TocnenoBaTeNbHOCTh BBIMTOJIHEHUSI ONEPALUI ONPENEISIETCS MPU MPOXOKIACHUU
JiepeBa CHHU3Y BBEPX - OT JIMCTHhEB K KOpHIO. [lociienHel BhIMOIHAETCS Oonepanus,
HaXOJAIIAsICA B KOPHE.

Omnpenenure 3Ha4€HNE BBIPAXKEHUSA, KOTOPOE COOTBETCTBYET CIEAYIOIIEMY AEPEBY

(cM. epagh No2).

I'pag Ne2



JIist BBIYUCIIEHUS 3HAYEHUS BBIPAXKEHUS, 3aKoAupoBaHHOrO rpadom No2, ciemyer
HCIIOJb30BAaTh 3HAUEHUS 3JIEMEHTOB MaccuBa X. M3BecTHO, 4YTO:

e syemeHThI ¢ X[0] mo X[3] — 3TO KBaApaThl MEPBBIX YETHIPEX MPOCTHIX YUCIIA,
B3AThIEC B MTOPSJIKE BO3PACTAHUSI.

e 3yIeMEHTHI ¢ X[4] o X[7] — 3TO mepBbIE YETHIPE HATYyPAIbHBIE YHUCIIA, B3STHIC
B MOpsIIKE YObIBAHUS.

e syemeHT X[8] = x[0]+x[7].

e syemeHT X[9] = x[0] - x[4].

e Jlocne 3aBepiieHUs 3alOJHEHUS MACCHBA €T0 OTCOPTUPOBAIM METOJIOM
«Ily3bIppKa» 10 YOBIBAaHUIO.

OOpatute BHUMaHHUE, YTO HA ONPENENEHHOM 3Tale pelieHus BaM HYXHO Oyler
IIPOBECTH OIEPALIAIO U3BJIEYEHUS KBAJPATHOTO KOPHSI.

B oTBeT 3anuinmuTe TOJILKO YUCJI0, OKPYTJIUB pPE3YJIbTAT J0 LECJIbIX.

YtoObI MONYy4YUTh 0OJI€€ TOYHBIN OTBET, OKPYTJIEHUE CTOUT MPOU3BOIAUTH TOJBKO
MIpU MOJIyYE€HUU (PUHATLHOTO OTBETA.

No3 (25 6amnnoB)

Ha nepBoii nmonbITke NEPBYIO TPETh TPAacChl pOOOT MpoeXan Co CKOPOCThIO 6 cM/c,
Ha OCTABIIECWCS YaCTH TPACChl €r0 CKOPOCTh ObLIa MOCTOSHHA W OTJIMYajiach OT
CKOPOCTH, C KOTOPO# OH JBUTAJICS HA MIEPBOU TPETH TPACCHI.

Ha nepBoii mombiTKe, Bpemsi, 3a KOTOpoe poOOT MpeojoJieNl MEPBYIO MOJIOBUHY
TPacchl, OKa3alloch Ha 1 MUHYTY OoJibIlle, YeM BpeMsl, 32 KOTOPOe poOOT MPeo10Iel
BTOPYIO MOJOBUHBI TPACCHI.

Ha BTOpOI1 nomnbiTke poOOT ABUTAICS HA MPOTSXKEHUH BCEH TPacChl C MOCTOSHHOM
CKOpOCThIO. Bpems, 3a koTopoe poOOT mpeooJies BTOPYIO MOJIOBHHY TPacChl BO
BpeMsI [TepBOM MOMBITKHU, OKa3alock B 1,25 pasza Oosblie, 4eM Bpemsi, KOTOpoe poooT
MOTPATUII HAa MIPEOIOJIEHUE IEPBOU TPETU TPACCHI BO BpeMsl BTOPOMl onbITKU. [Ipu
3TOM, Ha 00€HX MOMbITKaX poOOT MPEO0JIEN BCIO TPACCY 3a OJHO U TO K€ BPEMS.

Onpenenure anuHy Tpaccebl. OTBeT naiiTe B CaHTUMETpax. B oTBeT 3amuiuure
TOJIBKO YHCI0, MPUBEIS PE3YIAbTAT C TOUHOCTHIO 10 LIENbIX.



Ne4 (20 6amnnoB)

Po6oT ocHaEH IBYMs OTAEIBHO YHPABISIEMBIMU KOJIECAMU, TUAMETP KaXKIOTO U3
KoJiéc poboTa paBeH 9 cM. JIeBbIM KOJEeCOM ympaBisieT MOTOp A, TPaBbIM KOJIECOM
ympasisier motop B. Konéca HampsiMyro MOJACOE€IUHEHBI K MOTOpaM (CM. cxemy
poboma). 1lupuna xoneu podota (paccTosiHUE MEXIY LIEHTpaMH KoJiéc) paBHa 27
cM. Macca po6oTa paBHa 2 KT.

HANPABAEHWE
BNEpPeA

4

A B

Cxema poboma

Bo Bpemst moBopoTta pobota och MoTopa A noeepHyiack Ha 600°, a ock MmoTopa B
noBepHynack Ha 450°. Kosneca poOoTa BpalllatoTcsi B OJJTHOM HaIlpaBJICHUH.

Onpenenute, rpaayCHyl0 Mepy yIja, Ha KOTOpbIM moBepHyJsics pob6ot. [lpu
pacuérax npumute 7w =~ 3,14. OTBeT naiite B rpagycax, Ipu HEOOXOJIUMOCTH
OKPYIJIMB PE3yJbTAT 0 UEIbIX. B OTBET 3aNUIINATE TOJIBKO YUCIIO.

UToObI OTYy4uTh 00JIE€ TOUHBIN OTBET, OKPYTJIEHHE CTOUT MPOU3BOAUTH TOJIHKO
P NOJIyYE€HUH (PUHATBHOTO OTBETA.

No5 (20 6amnnoB)

ChnyTHHK JBUXKETCS MO KPYroBOil opOUTE BOKPYT IIaHEeThl Tay co cKopocThio V =
12 km/c. Pagmyc mmaneTsl paseH R = 1,5x10 ¢ km. Macca ciytauka m1 = 60 kr,

KI'
CpelHss IIOTHOCTh IuiaHeThl paBHa p = 5000—. Ompenenure, Ha CKOJIBKO
M

YMEHBIIIUTCS CKOPOCTh CHYTHHKA, €CJIM €ro CralloHapHas opOuTa Haj
MOBEPXHOCTHIO M1aHeThl Tay Oyner B 1,5 pa3a Boiiie Texymieil. OTBeT gailTe B KM/C.
B oTBeT 3anummTe TOIBKO YUCII0, OKPYTIIMB PE3YJIbTAT N0 AeCAThIX. [Ipn pacueTax

H M2
n_— 7 =~314.

npumute G = 6,67 X 10~

Kr2

YtoObI MONYy4YUTH OOJI€€ TOYHBIN OTBET, OKPYTJIEHUE CTOUT MPOU3BOIUTH TOJBKO
MIpU NOJIyYE€HUH (PUHATBHOTO OTBETA.



No6 (15 6amnnoB)

C oaHOU CTOPOHBI KBaJApaTHOTO JUCTa (haHEepbl HAHECTU CIECAYIONIYIO 3MOJIeMy,
COCTOSIIIIYI0 M3 KBaJpaTa U HECKOJIBKUX OTpe3KoB (cM. Ombrema). Touku A u C
cepeauHbl cTopoH kBagpata MNOP. UYetwbipéxyronsuuk ABCH - powmo.
Tpeyroneuuku DHG u EFH — nipaBunblble. Touku E, H, G, C nexar Ha OJHOU
npsimoid. Touku A4, F, H, D nexar Ha onHOU mpsiMoi. DMOieMa o0JiajaeT OChIO
cummerpun HB. AF = 0,2 AH. CTOpoHBI KBajipata COBOAJAlOT CO CTOPOHOM JMUCTA
(dhanepsl.
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OMOJieMy pelIrii MOKPACUTh B TPU 1[BETA — KENTHIN, OpaHkeBbIi U Oenblil. Pacxon
KpacKM yKa3aH B TaOJHIIe.

Ne [Ber Kpacku ILiomanb, KOTOPYI MOKHO IOKPACUTH
n/n 1 Kr Kpacku (B KB. MeTpax)

1 benas 10

2 Kénras 10

3 OpanxeBast 12

4 3enéHad 13

S5 Cunsis 16

6 UepHas 20

Pacxoo kpacku

Onpenenute Maccy OpaHKEBOM Kpacku, KOTopas HoTpeOyercs s MOKPACKU
naHHoM sMOnemMbl. OTBET JaliTe B IpamMMax, MPUBEAs OTBET C TOYHOCTHIO J0
necatbix. TONIMHON TUHUM pa3METKU MOXKHO MpeHeOpedb. BykBbI HA SMOIEeMy He
HaHocsATcs. JJInHA CTOPOHBI KBaJpaTa paBHa | M.

YtoObI MONYy4YUTh OOJI€€ TOYHBIN OTBET, OKPYTJIEHHE CTOUT MPOU3BOIAUTH TOJBKO
P MOJIYYE€HUH (PUHATLHOTO OTBETa. B OTBET 3amUIIUTE TOJIBKO YHUCIIO.



No7 (5 6annos)

Jlenuc cobpait cneayoiryto cxemy (CM. cxemy yenu).

RI R2 o RI

A B
[ = R1 A 4
R2 R2
I 1 I 1
| I | | I |
D
&R2
O
Cxema yenu

Awmmnepmetp 3adukcupoBan Tok HomuHaiaoMm 5 A. DJIC ucrounuka pasua 400 B.

Ne Ob6o3HavyeHue Homunaa (Om)
1 R1 100
R2 50

Onpenennte, 4eMy paBHa cuja Toka Ha «Moctuke» CD. OtBer naiite B amnepax. B
OTBET 3aIMMIIUTE TOJIBKO YUCIIO0, MPUBEIS PE3YIbTAT C TOYHOCTHIO A0 COTBIX.
YtoObI MOAYy4YUTH OOJI€€ TOYHBIN OTBET, OKPYTJIEHUE CTOUT MPOU3BOIAUTH TOJBKO
P NOJIyYE€HUH (PUHATBHOTO OTBETA.



No OTtBeT bannel

1 57874 5 6aiuioB
3acUUTHIBAETCS MMEHHO BEPHBIN OTBET B TPEOYEMBIX
EIMHUIAX U3MEPCHUS

2 -12362 10 6aymtoB
3aCUMTHIBAETCSI UMEHHO BEPHBINA OTBET

3 2880 25 6amioB
3acUUTHIBAETCS MMEHHO BEPHBIN OTBET B TPEOYEMBIX
EIMHUIAX U3MEPECHUS

4 25 20 6ayuioB
3acUUTHIBAE€TCS MMEHHO BEPHBIN OTBET B TPEOYEMBIX
SIMHUIAX U3MEPECHUS

5 2,2 20 6amoB
3acUUTHIBAETCS MMEHHO BEPHBIN OTBET B TPEOYEMBIX
EIMHHIAX U3MEPCHUS

6 19,2 15 6annoB
3acUUTHIBAETCS MMEHHO BEPHBIN OTBET B TPEOYEMBIX
SIMHHIAX U3MEPECHUS

7 2,25 5 6aiuioB
3acUUTHIBAETCS MMEHHO BEPHBIN OTBET B TPEOYEMBIX

CANMHHNILAX NU3MCPCHUA




Pemiennsa 3aganuit
Nel
OnpenenuM JUIMHBI OTyOCe OOJBIIOTO UTUIICA:

al =300:2 = 150(cm)
1
b1 =150 x 5 = 50(cm)

Onpenenum JUIMHBI TOTYyOCENH MAIIEHBKOTO 3JUIUIICA:
a3 =al:2=0,5al(cm)
b3 = b1:2 = 0,5 b1(cm)
OnpenenuM JUIMHBI IOJyOCEN CPENHETO AIUINIICA!
a2 =a3 X 1,5=0,75al(cm)
b2 = b3 X 1,5 =0,75 b1(cm)

Po6oT noimkeH npoexaTh Mo KaXKJI0MY M3 3JUTUIICOB IO 2 pa3a, Mociie 4Yero NpoexaTh
IO JUTKIICY KaXkKJ0T0 BUJA elle MO MOJIOBUHE. 3HAUUT, JUIMHA TyTH OYyJIeT paBHA:

walbl + (al — b1)?

X(2%x2+0,5
al + b1 ( +05)
wa2b2 + (a2 — b2)? < (1% 2 4+05)
a2 + b2 ’
4Xﬂa3b3+(a3—b3)2X(sz_l_os)_
a3 + b3 S
B walbl + (al — b1)? 7 walbl + (al — b1)?
B al + b1 ’ al + b1
malbl + (al —b1)?
al + bl B
245 x malbl + (al—b1)? 5 T X 150 x 50 + 10000 5787 375
- al + b1 o 200 B SR

~ 5787,4 (cm)
OTBet: 5787.,4.



No2

Onpenenum 3Ha4YCHUS 3JIEMEHTOB MaccuBa X:

X[0]= 49
X[1]= 25
X[2]=9
X[3]=5
X[4]= 4
X[5]= 4
X[6]=3
X[7]=2
X[8]= 1
X[9]=0

Takum oOpaszom, rpad NpUHUMAET CIACAYIOITUN BUI:



JlaHHbI# rpad) KOAMPYeT BhIpasKeHHe
((9+25)x(5-49) = (5—(0x4)) X (V3+2—(=3+(1—4)))

Ero 3HaueHHe PaBHO

(34 x (—44) — 5)) X (\/§ —(-3+ (—3))) = (—1501) X (V5 + 6) ~ —12362

OTtBert: -12362.

Ne3
O06o03HauuM IIMHY Beel Tpacchl kak L caHTUMETpOB.

O0603HauUM CKOPOCTh poOOTa HA BTOPOM TPETH IMYTU HA MEPBOU MOMBITKE 32 X:

L 1 1 L
—:6+L*<———>:x=—:x+60

3 2 3 2

O0603HauUM CKOPOCTHh pOoOOTa HA BTOPOU MOTBITKE 32 V:
L L 5
fr-()-5

Tak kak Ha 00enX MoNbITKax poOOT MPEOI0IEIN BCIO TPACCY 3@ OJHO U TO K€ BpeMs,
TO:

L 2
—:6+L*x=-:x=0Ly

3 3
PemuB cucteMy U3 Tpex ypaBHEHUH, TOTyYHUM:
X =9,6 (c™m/c)
Y =8 (cm/c)
L =2880 (cm)
OtBet: 2880.
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Ned

Po6ot Oyner aABUraThCs Tak, 4To €ro KOpIyc ONUUIET AyTy OKPY>KHOCTH.

Kouteco B npoener 1o ayre paauyca r:

450°

= X X
360° " X9 %3500

27r X

2r X a = 9 X 450°

Koneco 4 mpoexner o ayre paauyca t:

@ _ g, 600°
360° 360°

2(r +27) X a@ = 9 X 600°

21 (r + 27) X

PemnB nannyto cucremy U3 AByX YPaBHEHUU, ITOIYYNM:

_(600°— 450°) x 9

* 2 % 27 25°
OtBert: 25.
No5
Onpenenum Maccy maHeTsl Tay:
M = é7rpR 3
3
Janumem YPaBHCHUC ABUKCHUSA CITYTHUKA BOKPYT ITJIAHCTBI:
miM &
z -mT
Y=y



I'me L — 310 paccrostHue OT LEHTpa IUIAHETHI 10 CIIyTHUKA

Tornma

M
L=Gﬁ

BricoTa Op6I/ITa CIIYTHHUKA HaAd MOBCPXHOCTHIO INIAHCTHI paBHA!

M
h=L—R=GW—R

HOBaH BBICOTA Op6I/ITBI CHYTHI/IKa Hal HOBCpXHOCTBIO IIJIAHCTHI:
M
H=15h=15x(L-R)=15x (G5~ R)

3anuiieM YPaBHCHUC ABUKCHUS CITYTHUKA BOKPYT IIJIAHCTHI HA HOBOI1 BBICOTE:

GrMM B 11/’2
R+H?2 "“R+H
G-~y
R+H

V,_\/G M MG V\/ MG
REH™ [Ry15x(clh—k) VRTLSXE@M=VR)

_y MG v 2MG
" |V2R+1,5GM — 1,5V2R 3GM — V2R

Torna:

AV=V-V =V-V MG =v|1 MG
B B 3GM — V2R 3GM — V2R

AV =V|1 2MG
B 3GM — V2R

ITocunraem maccy mianeTsl Tay:

4 4
M = gnpR3 =3 X 3,14 X 5000 x 1,53 x 1027 = 70,65 x 103°(kr)

[TocunTaem pa3HHIy CKOPOCTEH CIIyTHUKA HA Pa3HbIX OpOUTAX:

12



2 X 70,65 % 1039 x 6,67 x 10711

AV = 12000 1—\/

9424710 x 1015

= 12000 1 -
\/14137065 X 1015 — 216 x 1015

OtBerT: 2,2.

Ne6

M KM
22019 ..—= 2,2—

C

O603HaunM CTOpOHY poMOa Kak /.

[TocuuTaem BeIMYMHY CTOPOHBI poMOa:

1:2

" sin (60°)

C

V3

1
— (™

)

N3 nogoOus tpeyronbukoB KEH v BEC noiny4yuM COOTHOLIEHHE

Onpenenum yny KH:

KH =

KH : BC=FEH : EC.

[+(l—

0,20)

(l+1-020])

ITocunraeM mIomanb 4eTbIpEXyronbHuKka EHDB:

~9

4

3% 70,65 % 6,67 x101° — 144 x 10° x 1,5 x 10°

M
= 22019 ..(2)

1 4 1 4
S=Z*E*(l—O,2l)*§l*sin(60°)+2*E*l*§l*sin(60°)=

4 3 4 2V3 9 24/3 \/—
= —x— % [2 x <— 1) x—* 2 =——x[2 =
9 5 5 5
Ornpenennm Maccy OpaHKEBOW KPAaCKU B rpaMMax:
23 12+ 1000 — 2\/§ 1000 100V3 10,245
= — * = = = o
m=7s « 543 9 ’
OtBeT: 19,2.
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Neo7

Breném crnenyromue 0003HaYEHUs JJisI TOKOB, TEKYIIUX B IIEMU HAa Pa3IUYHBIX
y4yacTkax. B cxeMe ucnonb3yercst 3IeMeHT nutaHusi Oarapeiika. [IpuBeném e€ k
CXEME C UJICaJIbHBbIM MCTOYHMKOM HAIPSKEHUS U BHYTPEHHUM COIPOTUBIIEHUEM
OaTapenKu.

11
2
RI R2 ¢ RI

Bocnonb3yemcs nepssiM npaBuiioM Kupxroda, 4To0bl 3anmucaTs BCHOMOTaTENbHbIE
ypaBHenus 1 y3noB C, D, A:

12=11+13
14 =13+15
16 =11+ 14

Bocnonb3yemcs Bropeim npaBuiiom Kupxroda, 4ToObl 3anucatb BCHOMOTaTElIbHbIC
ypaBHEHHS [IJIi KOHTYpOB, BBIOpaB 3a MOJIOKUTEILHOE HampaBjieHUE 00xo0/aa
HAaMpaBJICHHUE TIO XO1y YaCOBOU CTPEIKH:

I1X(R1+R2)—I3XR1—14XR2=0
[4XR2+I5XR2+16XR2=c¢

Pemnm nosry4eHHy10 CUCTEMY U3 IIATH JIMHENHBIX YPABHEHUHN U NIOJIYYUM:

R1+ 2R2
I3 (B3R1+4R2) X [6 —————x ¢ | =

=—X
3R1 + 2R2 < R2

1 1004+ 2 x 50
(3x100+4x50)x5— X 400 | =

= X
3x100+ 2 x50 50

1 200 1 B
= —x (500 x 5 — 22 x 400) = == x (2500 — 1600)=2.25 (A)

OTBer: 2,25.
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