3aKII0YUTEIbHBIH 3TaN aKaJeMH4eCKOro copeBHOBaHus OJMMIHA/IbI IIKOJILHHKOB
«ar B 0Oyaymee» nmo ¢pusuke «Ipodeccop KykoBckuiin»
(o6meodpa3oBaTenbHbIN NpeaMer pusnka), BecHa 2021 roxg
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3agauya 1 (10 6ayoB) F H
Ha Temo maccet m = 5 kr pgeiictByer cwia FX, rpaduk KoTtopou
npeacTaBisier co0oil momyokpyxHocTh. Haligure paboTy 3TOM CHITbI 3a

M
Ly, =2,85—
BpeMs OT HyJIs 10 5 ¢, €CIIM HadallbHasi CKOPOCTh Tella C tc
3agauya 2 (10 6ayoB) ok
Tpu oaMHAKOBBIX IIApUKa Macchl M  KaX/Ablif, COEIUHEHHBIE
OJIMHAKOBBIMHU MPYKUHAMH 3KeCTKOCTH 2K, 00pa3yroT paBHOCTOPOHHHUI | M m

TpeyrojibHUK. OJJHOBPEMEHHO BCE TPH LIAPHKA TOJIKHYJIH, COOOIINB UM
OJIMHAKOBbIE 110 MOJYJIO CKOPOCTH, HallpaBJI€HHbIE K LEHTPY
TpeyrojapbHuka. Yepes Kakoe MHMHMMAIBHOE BpeMsS IIOCIE 3TOrO 2k 2k
NPY)XHHBI OYyIyT CHIBHEE BCEro pacTAHyThI? Maccy MNpyXHH H
I'PaBUTALMOHHOE B3aUMOJECUCTBUE HE YUUTHIBATD.

m

3agauya 3 (12 6aisoB)
Ha miockyro MmoBEpXHOCTh TOHKOM IUIOCKO-BBIYKJIONW OTPULIATEILHOM JIMH3BI HAHECEHO a0COJIOTHO
OoTpakarollee NOoKpsITHe. Ha BOrHYTYyI0 IOBEPXHOCTD JIMH3BI TA1a€T Y3KUH ITy4OK UMITYJIbCHOTO JIA3EPHOTO
usitydeHns ¢ sHeprueit W = 5 JIx u mmarensHocthio T = 1078¢. IMagaromuii myu pacrmpocTpaHsiercs
napajuiellbHO  TJIaBHOW ~ ONTHYECKOW  OCHM  JIMH3BI  Ha  paccrosHun  F/2  or  ocm
(F — dokycHoe paccrosiHue nuH3bI). Haiiqure BelUUUHY CpelHEl CHITbI, JCHCTBYIOIICH Ha JIMH3Y CO
CTOPOHBI CBETa, €CIIM IOJIOBMHA JIA3€pHOTO W3JydyeHUs noriomiaerca B JjuH3e. OTpakeHHeM OT
MOBEPXHOCTH JIHH3BI (0€3 MOKPHITHS ) IPeHEOpEeYb.

3m O 3angaua 4 (12 Gannos)
p Ha mepoxoBaTyro rOpU30HTaIbHYIO IIOBEPXHOCTh BEPTUKAIBHO MTOCTaBUIN
_ / TaHTCJIb MJIMHBI 4 , COCTOAINYIO U3 IBYX MAJICHBKUX HMIAPHUKOB MacCaMu mi = 3m
g ,/ U M2 = 2M, COeAMHEHHBIX HEBECOMBIM JKECTKUM CTEpXKHEM. [ 'aHTeb OTIIyCcKaroT
, 0e3 HavyanbHOM CKOPOCTH, M OHA HauyMHaeT naaarb. OIpeaenuTe BeEIUUYUHY
2m 1/ 600 K03 HLIMEeHTa TPEeHUS MEXJy T'aHTENbIO U IJIOCKOCTBIO, €CIM HUKHUN IIapuK

HAUMHAET CKOJIB3UTH T10 TFIOCKOCTH, KOTJIA YIOJl HAKJIOHA CTEPIKHS C MIIOCKOCTBHIO
nocturuer @ = 60° .

TS SS S S S/

3agauya 5 (18 6aysioB)

Merammueckuil mapuk paanyca R C oTpumarenbHpIM 3apsSaoMm 29 HAaXOJUTCA BHYTPU TOHKOCTEHHOU
MeTaJTniIeckoi cdepbl paamyca 2R. lLleHTpsl mapuka u Mmeramumdeckoir chepsl coBmagaroT. Chepe

COOOIIMITN MOJIOKUTEIBHBIN 3apsiz +q, Hlapuk u chepy COCAMHUIN TOHKAM ITPOBOJHUKOM HUUYTOXKHOMN

€MKOCTH U 3aTeM Pa3bCANHUIIN. Haiigute Pa3HOCTL MOTCHIUAJIBHBIX 3Hepr1/11>'1 AW KOHCYHOI'O H
HAYaJIbHOI'O COCTOSIHUM CHCTEMBI



3agauya 6 (18 GayoB)
BHyTpr HENOIBMKHOTO UMIMHAPUYECKOTO COCyAa C SKHMIKOCTBIO |
IJIOTHOCTU P 3aKkperuieHa ock OO1, K KOTOpOH B TOUKE A MPHUKPEIUICH
TOHKHH TOpU3OHTaNbHBIN cTepkeHb AB. Ilo crtepkHIO 06€3 TpeHHs
MOJKET CKOJIB3UTh My(Ta B BHJIE mapa paauyca I. [1lap cBsizaH ¢ KOHIIOM
CTEPXKHsSI B TOYKE A MPYKHUHOH >KecTKocTH K, JiMHA KOTOpOH B
HEpacTIHYTOM COCTOSIHUU paBHa L,. Cocyn mpuUBOIAT BO BpaIllEHUE C m}_@_
MOCTOSIHHOM YIJIOBOM CKOPOCTBIO ® BOKpPYr BepTukaibHOU ocu OO1.

Omnpenenure paccTosHUME LIEHTpa Iapa OT OCH BpalleHHs, €CIU
IUIOTHOCTh MaTepuajla 1iapa B YeThIpe pas3a Oo0Jbll€ IJIOTHOCTH 0

KHUAKOCTU. B mporiecce BpalieHus KUAKOCTh HE BBUIMBAETCS M3 COCY/Aa U IIApUK HE KacaeTcsi OOKOBOM
CTEHKH.

3apaua 7 (20 6amioB) Cumyayuonnas 3a0aya

OnekTpoMoOWIb — aBTOMOOWJIb, HPUBOAMMBIA B JBW)KEHHE OIHMM WIM  HECKOJbKUMHU
AIIEKTPOABHUTATEINSIMHU C TUTAHUEM OT aKKyMYJISTOPA.

Omnpenenute MaKCUMalIbHOE PACCTOSHUE, TPOXOAUMOE JIEKTpoMoOusIeM 0e3 Noa3apsIKu IPpU JBHKEHUH
C TIOCTOSTHHOM CKOpOCTBIO paBHOH 108 kMm/4, eciim Macca akkyMyisiTopoB 2425 kr, a cymmapusnid KI1/]
CHCTEMBI aKKyMYJISITOp-JBHTraTenb-Kojeca cocrapiser 0,75. Best sHeprust akkymynnsaropa 3aTpaduBaeTcs
Ha paboTy IBUTaTElNs1. DHEPrOEMKOCTh aKKyMysITopoB coctaBnsaeT 50 (BT - 1) /kr.

KoadduuueHnt a’spoamHaMUYecKOr0 CONPOTHBICHHS 3JeKTpomoOuist paseH 0,3, miomans ero
TIOTepevHOro cedenns 2,5 M2, Macca 6e3 akkymyaTopa 800 Kr. Y iesibHas cuila TPeHHUs MPU KaYeHUH KONEC
anekTpomobwmist 0,1 H/kr.

Cuita conmpoTHBIIEHUS BO3lyXa ONPEAEseTcs COOTHOILIEHUEM

v2
Fconp = CxpB ?S’

rae Cy — KO>(pQUIMEHT adpOJMHAMHYECKOTO COMPOTHBIEHHS, Py — MIOTHOCTH Bosmyxa (1,2 kr/md),
V — CKOpPOCTh JIBYKEHHsI aBTOMOOWIISL, S — IUIOIAAb ONEPEYHOr0 CEYSeHHUsI aBTOMOOUIISL.
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3agava 1 (10 6amnoB)

Fy H

AU:i.(lzmax'At_'EﬂFm gj: Fm At(l—zj:
m 2 2 m 4

_ 105 .(1_ 3,14]2.2,15£
1) S 4 c

M
2) HpI/I Ul = 2’85 M/C U2 :Ul +AU = 2,85+ 2,15:510;
3) Pabora .
A=AW,y, = %(022 _Ulz) = 2(52 —2,852)= 42 e
A=42 Jhc
A=42

OTtBerT: Hore

3agauya 2 (10 6ayoB)
1) Tlpu cMemieHUH IIAPHKOB K IIEHTPY WJIM OT LEHTpa
TpEeyrojbHUKa Ha X, Kax/aas MpyxuHa 1edopMupyercs Ha

V3

AX = 2X c0s30° = 2x7

X+/3

2) DHeprust CHCTEMBI

3Mm-x-X+18k-x-x=0

m . 2k m . 3 .
W =3—x?+3=(Ax)? =3— x> +3k(x+/3)? ==m- x® + 9k - x*
2 2 2 2
W =const, cnemosarempno, — =0
3) Tak kak dt , TO €CTh
Tax Kak CKOpOCTh X# 0|, obmiem ciydae, TO 3m-X+6-k-x=0

cJIeI0BaTEILHO, m |. w v 6-k oo U 3 k
3 3 m
t=—T=—nxn- |—
[IpyxuHBI OYAyT CUIbHEE BCETO PACTSHYTHI Yepes3 4 2 6-k 6o depes
(_37_m® [3m
4 2 2k
m m
t — ET =—7 —_— — z . 3_
OTtBeT: 4 6-k UIn 2 V2K




3agaua 3 (12 GaimoB)
PaccmoTpum xon myuei B muH3e. M3 pucynka BuaHo, yTo TpeyrojibHUK AOB — npsimoyronsubiii. AO=0B,

nosTomy o = 45°.
w o 1% .
[Tyctp Teneps py = — - HayaJIbHBIA HMITYJIbC My4Ka CBETa 7" - UMITYJIbC OTPaXEHHOTO OT 3epKalia My4yKa

ceera . Tak kak F, =Ap , TO BeIMYMHA CpPEAHEH CHUJIbI, JICUCTBYIOLIEW Ha JIUH3Y,

F=% 5 +2vy2=23H

Cc'T
B A
P
7/ Ve % 1
F/A//% o R
%Z/ 0

3anaua 4 (12 6asmoB) T
Mycrs {- pnnma rantenn. 3ammiueM 3aKOH COXPAHEHHS SHEPIHA U
BTOPOIt 3aK0H HbIOTOHA /TSl BEPXHETO MATePHAIIBHOTO [IAPHKA. :
2
. m,v
m,g¢ = m, g/ -sin o + —*
1) m,g
2

m,v .

L =mg-sina—-T m 60°

2 , (2) tne T — cuna ympyroctu crepHs 2

. 1,)2 777777777
m,g/(1l—-sinx) =
[lepenuem (1) B Buze: , OTKyZa
m,v?

=2mg@—-sin «)
. IToncraBisist 3TO paBeHCTBO B (2), MOIyIUM

2mlg(1—-sma):mlg-sma—T, oTkyma  HaiméM

T =m,g(3sina —2) @3).

(13 (1) u (2) nonyuum T =mg(3sina —2) ) I\
Y CII0BHE PABHOBECHS HIDKHETO MATEPHAIBHOTO MAPHKA:

TCOSCZ=FTP’FHC Fp=#-N FTP
N =m,g +TSIna’TOFHaTCOSa=,u(ng +Tsina) AfX
U3 MMOCJIEHETO paBeHCTBa HAXOIUM mzg
1= Tcosa Cosx
B ina m .
m,g+Tsina 2 +sing

m, (3sina — 2)
HO,Z[CTaBJBI}I B ITOCJICAHEC BBIPAKCHUC 3HAYCHU A

m =3m.m, =m. g =60° . Sin 60° = 0,87 , cos60° =0,5  mosTyanM



Cosc 0,5 0,5 05

m, (3sina —2) 3m(3-0,87-2)
e cosa 035
m, .
; +SINo
OrBer: m, (3sin o — 2)

3angava S (18 6amioB)
[ToTeHUMabHAS YHEPTHSI CHCTEMBI 3apsHKCHHBIX TeJl CKIIAIbIBACTCS M3 COOCTBEHHBIX JHEPrHid

A9

KQXKJIOTO TeJla U SHEPruu UX B3aummozeicTus. COOCTBEHHAs! SHEPTHUs MPOBOJHUKA paBHA 2 yrae P -
MOTEHIIHaJ, 00YCIOBICHHBINA TOJIBKO 3apsSA0M (, HAXOASAIIMMCS Ha MPOBOAHUKE. TakuM oOpa3om,

1 (=20q)° 20°
W, = 1 (29" _, 2
coOCTBeHHas DJHEPrus IIapHuKa R R , a coOcTtBeHHass »dHeprus cdepsl

L@ o

2
2 2R 4R DOHeprus B3aUMOJECICTBUS IBYX IIPOBOJHUKOB paBHA IIPOU3BEACHUIO 3apsaa

(J OOHOrO M3 HMX, W MOTCHIMAaJIa ¢, CO3IaHHOI0 APYTIYM IMPOBOAHHUKOM B MCCTC HAXOXKACHUA IICPBOIo

—29- 2 -2
W, ok 224 &y g 22, O
MpOBOJIHMKA. B Hamewm ciiydae 2R R , I00 2R R .
Ilonmas QJICKTpHUYCCKAA SOHEPTHUA CUCTCMbIL

2 2
’ 1 5.
W =W, +W, W, =k 2421 |- 29
R\ 2 4R
[Ipu coenuHeHnH Mmapuka ¥ cpepsl MPOBOJAHMKOM 3apsj LIapHKa TNEpPEeTedéT Ha cepy W Tocle
pa3beIUMHEHMs apyuKa U chephbl MOTEHIMAIbLHAS YHEPTUS CUCTEMBI OyIET paBHA COOCTBEHHOMN

2 2
w29, 9

BHCpI‘I/II/I 3ap;ma, HaxoJAMmerocs Ha HOBerHOCTI/I C(i)epLI. 2 . 2R 4 . R .
TOFI[a paSHOCTI) IIOTCHINAJIbHBIX 3H€pFHI>'I KOHCYHOI'O U HAYAJIBHOT O COCTO?[HI/II\/'I CUCTEMBI
2 2 2 2
" 14 5
AW W W o A Ba| a9
4R 4 R R 47ng ‘R
2
AW o4
HepFI/ISI CUCTCMBI YMCHLIJ_II/IJ'IaCB Ha .
q 2
AW == R

OTtBeT: &y




3agauya 6 (18 GayoB)
X=L_+AX+Tr
X- pacCTOsTHUE OT OCH BpaIIeHUs 10 IEHTpa My(THI, ° .
[Ipu ycTaHOBHBIIIEMCSl BpAaIICHUU COCYAa U MY(PTHI Ha IMOCIEIHIOIO 01
BJIOJIb OCHU CTepKHS AB JIeCTBYIOT IB€ CUJIBI:
Fyp = KAX AX=X-L,—r <J
cuja yIpyrocTa , TIIe ,
. F, =pVo’X
U paJualibHasl COCTABIIAIONIAs apXMMEIOBOM CHIIbI . RO
Forp + Fx = Moy’x g °
VpaBHeHue qBrxeHus Myprer [ YIP " T A © (1),
Pu =4p 0 >l
raie M- macca mapa. Ilo ycnoButo . YuureBasg, 4TO X
m = 4pV F < >
p , IOJICTaBUM BbIpaxkeHus st Fau ~Y1° B (1), momyyum
K(X—L, —r)+pVo’x = 4pVu’X
« k(L, +T1)
2y _ _ _ 2 =T A<, 2
_— 3pVo x=kx—-k(L, +r) J— k(L, +r) =x(k-3pVw?) oKy k—-3pVo @).
n k(L +1)
V=_nr’ k—4nrin’p
Tak kak 3 , TOJICTaBUB B (2), Hal1EM
B k(LO +7r)
- 3 2
OrBer: K—4nro’p )

3agaua 7 (20 6ainoB) Cumyayuonnas 3aoaua

Ha aBroMOOWIb B HanpaBIeHUH ABMKEHUS NEHCTBYIOT 3 CHIIBL: JBUXKYIIAs cuiia P, cCuiia COMPOTUBIICHHUS
BO31yXa Fopp ¥ cuna TpeHus Fr,. IIpuBenéM ux K IEHTPY Macc aBTOMOOMIIA M MOK&KEM CXEMAaTHYHO Ha
PHUCYHKE:

e —

F

P — k. F
< 7 ) >—>
Pacniuiem cuibl, AelicTByromye Ha aBToMOOMIIb. CHiia CONPOTUBIICHHS BO3/1yXa:
2
v

E:onp = SCyps 7

rre S — miom@aab MONEPeyHOro ceyeHus aBToMoOwid, €, — K03(pUUIUEHT a’poJUHAMUYECKOTO
COIPOTHUBIIEHUS, Py — IUIOTHOCTH BO3/IyXa, V — CKOPOCTh JABH>KEHUS aBTOMOOMIIS
Cwuita TpeHus:

FEp = uM
rzie {4 — yaenbHas cuja TpeHus, M — nojaHas Macca aBTOMOOWIISI, KOTOPYIO MOXHO MPEICTaBUTh, KaK:
M = mg + mp

rzie My — Macca aBTOMOOWIIs 6€e3 aKKyMYJISITOPOB, M, — Macca akKyMyJIsTOpoB. OKOHYATENbHO JUIsl CUJIBI
TpPEHUS:

Fyp = 1(mg +my)
[TockonbKy aBTOMOOMIIb ABHKETCS C YCTAHOBUBILIEHCS CKOPOCTHIO, TO €r0 YCKOPEHHE OYAET paBHO HYJIIO.
Torma Bropoii 3akoH Hpr0TOHA B MPOEKIINK HAa TOPU30HTAIBHYIO OCh 3aIIAIIETCS B BUJIE:

P — Eonp - Frp =0
rae P — nBuxkymias cuna
Ortkyna:

P = F&onp + Erp



2
v
P = SCepy =+ plmo + my) (D

Ecnu nepemernienne aBToMoOMIIs cocTaBisier L, To paboTta IBIKYIIEH CUIIBL:

A=PL
Bpewmst 1BrkeHUs aBTOMOOWIIS:
t=—
COOTBETCTBEHHO, MOIIIHOCTb:
A PL p
== —217 = v
t L

CornacHo 3aKOHY COXpaHEHHUs SHEPruH, mose3Has (3(p(GeKTUBHAs) MOIIHOCTh aKKyMYJIATOPOB paBHA
MOIIHOCTH, Pa3BUBAEMOM JABIKYIIEH CHIION. Torma MOKHO 3alucarh, 4To:

Py = —_
v tn

I'me n — sHeprocoaepkanne akKymysaTopos, 1) — KIIJI cucremsl akKymyJsTOp-1BUTaTelb
PacniiceiBast Bpewmsi:

p man
V= L n
v
BripasuMm U3 mociaeaHero BeIpaKEHUS JBHXKYILYIO CHITY:
mpnn
P =
L
[ToacTaBuM 3TO BRIpaKEHUE B 3aMMcaHHOE paHee ypaBHeHue (1):
2
v mann
SCupa =+ lmo +my) = — o)
OTKyna BbIpa3uM JaTbHOCTh XO/a:
mani

L =
vZ
SCyps -+ u(my +my)

[IpenBapuTensHO nepeBes 3HAUCHUE CKOPOCTH M3 KM/4 B M/C:
kM1 1000 1000 M
C

v[ﬂ] =v|—| 2o =108 —— =30
C g1 3600 3600
A sHeprocoiep)aHue akKyMmyJasaTopoB B JIK/Kr:

K BT -4 K
n['ﬂ—zn[ ]-3600=50-3600=1,8-105ﬂ—
KT KT KT
YucnenHo:
2042-1,8-10%-0,75
L= 302 = 450 kM
2,5:0,3-1,2 " + 0,1(800 + 2425)

OTBeT: MakcUMalbHOE paccTosiHue paBHO 450 KM.



