MOCKOBCKWUN rOCYOAPCTBEHHbLIN TEXHUYECKUUA YHUBEPCUTET UMEHU H.3. BAYMAHA
3AKIMIOYUTENBbHBLIN 3TAN ONUMMNUALDLI LUKONbHUKOB «LIAI B BYOYLWEE—2021-2022»
no NPOPUNIO «PUSUKA»

11 KNNACC

BAPUAHT Ne 5.
3AO0AYA 1.(10 6annos)

Fx H
Teno wMaccel M = 215 r JEXWAT HENOIBIIKHO Ha TJIAJKON .
TOPU30HTAIILHON TOBEpXHOCTH. B MomeHT Bpemenu t=0 Ha Hero HauMHaeT 2
JelicTBOBaTh ropuzoHTanbHas cuia Fx(t), rpaduk koTopoil mpencraBiser
cO0OH  MOMYOKPYXKHOCTh.  JIBUrasch €O CKOPOCTBbIO Uy, BBI3BaHHOM 0 3 6 rec

JICUCTBUEM CHUJIbI, TE€JIO BBE3KAET HA IMIEPOXOBATYIO YaCTh TOPU30HTAIBHOM

noBepxHocTH ¢ ko ummentom tpenus pu = 0,1. MakcumansHoe 3HaUeHue cuiibl Fx max = 2 H, Bpewms
neuctBug cuiibl At = 6 ¢. Haiinute BpemMs CKOJIBKEHHUSI Teja MO IMIEPOXOBATOM MOBEPXHOCTU JO €ro
OCTaHOBKH. YCKOpeHHE CBOOOIHOIO MajieHus IPHHATH paBHBIM § = 10 M /c2.

S3AO0AYA 2 (10 6annos)

C TpemMsi MOJSIMH HACATBHOTO Ta3a MPOBOJUTCS IHKJIMYSCKUH TPOIEcC,
cocrosimuii U3 AByX uzoxop 1-2 u 3-4 u nByx nporeccoB 2-3 u 4-1 ¢ nuHelHoi
3aBUCHMOCTBIO JaBJicHHS OT 00béMa. Temmeparypa rasza B cocTosHUsX |1 u 4
paBHa T, B cocrosHusix 2 u 3 paBHa 2T. Haiigure paboTy, coBepiuaemMyro
ra3oM B ke 1-2-3-4-1, ecnu naBieHus B cocTosiHUSAX 1 1 3 paBHBI.

SAO0AYA 3. (12 6anno.)

0 \%

Ha ropu3oHTaNbHOW TIOCKOCTH C KOX(QQHUIMEHTOM TPEHUS | JICKUT
Opycok Macchbl m, COEIMHEHHBIN TOPU30HTAIIBHOU
k m Hele(OpMUPOBAHHOW HEBECOMOM  mpyXuHOW kéctkoctn K ¢
I_ ™  BEpPTUKAJIBbHOM  CTEHKOW. bBpycok cmecTwin Tak, 4TO MpyKUHA
_ _I pacTsHyjach Ha Xo, a 3aTeM OTIycTHiId. ONpeaenuTe Yncio Kojaedannit

0 N, KOTOpoe COBEpIIUT OPYCOK /10 OCTAHOBKH.

3AO0AYA 4. (12 6annos)
Haiinute xonmmvecTBo TemioTel Q, KOTOPOE BBIACTUTCS B IETIH I_IZI_

npu nepexnodyeHnn kmoda K u3 monoxenus 1 B mosjoxeHue 2.

[TapameTpsl 371€MEHTOB LiENU, W300paXEHHBIX HAa PUCYHKE, CUUTATH

HN3BCCTHBIMU.

SAO0AYA 5 (18 6annos)

B xunkocTu ¢ mokasarenieMm npenomsieHus N =15 Ha BO3AymHbBIN My3bIPEK, PacIONOKEHHBIN Yy
TUIOCKOW  TOBEPXHOCTH TOHKOH TIPO3payHON CTEHKH COCyla, BIOJb
nuametpa AB  my3bIpbKa Najaer mapajulefbHbIA Mydok cera. Jluamerp
MydyKka MHOTO MEHBINE pajumyca IMy3blpbka. EciH BIDIOTHYIO K CTEHKE
MPUCTaBUTh JIMH3Y C (POKYCHBIM paccTosiHueM F1=2CwMm, To QokycupoBka
CBETa, BOIMIEIIIEr0 B ITy3bIpEK, NPOM3OWAET B IIeHTpe my3bippka O.
Haiinute GokycHoe paccTosiHHE JIMH3bI, KOTOPYIO HAJO MOCTAaBUTh B3aMEH
MepBOM JIMH3BI, YTOOBI CBET c(OKycHpoBaics B TOUke A?

3AO0AYA 6. (186annos) /

OnHOpPOAHBIA MPOBOASIINKN CTEP)KEHb JUIMHBI L ¥ Macchl M MmoaBemnieH N @B
Ha TIpY)XHHE JKECTKOCTH K W JIOKUT Ha ropu3oHTalbHOW Mardopme. B
HAYaIbHBI MOMEHT TpyXHHa He AedopmupoBaHa. CucreMa HaXOJIUTCS B k lg
OJHOPOJTHOM MAarHUTHOM IIOJI€ C MHAYKIHEN B, TMHUM KOTOPOU paclooKeHbl B b)
TOPU3OHTAILHON TUIOCKOCTH TEPIEHAUKYJISIPHO OCH CTepkHs., [lmardopmy
HAYMHAIOT OIyCKaTh C yckopeHueM a (a < ). Ompenenure MakCUMalbHOE s |
3HAQUYEHHE PA3HOCTU MOTEHIIMAIOB, BO3HHMKAIOIIEH MEXAY KOHLIAMH CTEPXKHSI.




3anaua 7 - CutyanuonHas 3aj1aua

VYeTpolcTBO U1 pa3BiIeKaTeNbHbIX MOJIETOB MPECTABIISAET COOON paHel ¢ ABYMs yIIPaBIsEeMbIMU
COIUIAaMH KPYIJIOTO CEUCHHMs, uepe3 KOTOphIe C BBICOKOW CKOpPOCTBbIO BBIOpACHIBaeTCS BOJA,
NOJAIOINAsACS 0 IIIAHTY C IUIABY4YEro HAcoca, CIEAYIOLIEro 3a MUIOTOM MOCPEICTBOM JTaHHOIO
IIJIAHTa.

Onpenennute MaccoBBIN pacxo] BOJBI (B KI/C), €ClIK B3jIeTHAs Macca (MJIOT+HpaHel+HIIaHT ¢
BojI0#) cocTaBisaeT 150 kr, a ckopocTh ucteueHus Boabl 100 m/c. Onpenenure quameTp coruia
JU1s1 BBIOpOCa BOJIBI.

Bo3moxkHoe pemenne

1. MUcrekaromiasi cTpys BOJIbI IepeAaéT ONMMCAHHOMN cUCTEME UMITYJIbC:
MV, =P

['me M, — Macca BoJibl, KOTOpasi BbUIETENA U3 paHIa, V, — e€ ckopocTh

Paznenum 00e yacTH YpaBHCHUS HA BpEM:, 3@ KOTOPOC 5Ta BOJla BBUICTAJIA U3 paHIla:

MV, P

t t

Hcxons u3 ypaBHEHUs 1715 UMITylibea cuiibl (P = Ft), Mbl MOXEM CKa3aTh, 4TO C MPAaBOM CTOPOHBI
OT 3HaKa PaBEHCTBA CTOMUT CHJIA TATU paHua. [[0CKoIbKy MUIOT HAXOAUTCS B PAaBHOBECHH, TO 3TA
CHUJIa TATH paBHA CHJIE TSHKECTH, ACUCTBYIOIICH Ha HEro:

M,V
=
F = Eyne = Mg

C neBoO¥ CTOPOHBI OT 3HaKa PaBEHCTBA: Macca BBUICTAIONICH BOJBI, OTHECEHHAS K MPOMEXKYTKY
BPEMEHHU, 32 KOTOPBIN 3Ta BOJIa BBUIETAET — €CTh MUCKOMBIN CEKYHIHBI MACCOBBIN PACXO/I:

L —m
t

Takum 06pa30M, npeo6pa30BaHHoe NEPBOHAYATIbLHOC YPAaBHCHUEC UMCCT BU:

ml, = Mg
OTKyna pacxoj BOJbI PaBeH:
7h__ﬂ%g
Ve
=208 s KT
100 C

OHpCIleJ'II/IM IJIomajab COIICI paHla:

[TycTh COIUIO UMEET HEKYIO IUIONIAlh S, TOT/Ia CEUEHUE CTPYHU BOJIbI, PABHOE IUIOMIA/IU COILIA, 32
€IMHUIy BPEMEHH MEPEMEIACTCS Ha PAacCTOSHUE, YMCIACHHO PaBHOE CKOPOCTH CTPyH. Takum
o0pa3oM, 00BEM, «3aMETacMbIil» CEUECHHEM CTPYH B CIUHHIy BPEMEHH MOXKHO 3alHcaTh
CIeIyroIuUM 00pa3oMm:

V=25V,

ﬂOMHO}KI/IM 00€ YacTH 3TOro BBIPpa’XCHUA HA IIJIOTHOCTH BOJbI:



pV = SVp

OueBUAHO, YTO C JIEBOM CTOPOHBI CTOUT MAaCCOBBIN Pacxo/i, HalJICHHBIN 4yTh panee. OTHAKO 3TOT
MacCOBBIN pacxo] BOJbI HAET Yepe3 JBa COILIa, TOATOMY YTOOBI HAUTH TUIONIAAL OJHOTO COTLIA,
paszie MM MacCOBBIM pacxo/1 Ha J1Ba, WIIM YBEJIUYUM IIPABYIO YacTh YpaBHEHHUS B JiBa pasa:

OTtkyna miomaas coria:

m 14.715

= = = 7.357 1075 w2
2V,p  2-100- 1000 M

St

[TockonpKy miIomanas Kpyra, 3To:

TO JICTKO HAXOJAHUM JUaMETP COILIA:

4S,  |4-7.357-1075
T B T

d= =9.679-1073m =~ 10 MM

Orser:ri = 2228 _ 14715 X 4 ~ 10 MM
100 c

IMossicHeHNsa H KPpUTEPUH 1JIA YJICHOB 3KC1’[epTHOI7l KOMMCCHH 110 MPOBEPKeE chyaunommﬁ
3aJaumn

1. Ynenam 3KCHCpTHOI>i KOMHCCHUHN TMPEAOCTABIACTCA OAWH M3 BO3MOXHBIX BapUaHTOB
PCIICHHA JK3aMCHAIIMOHHBIX 3aJa4. Pemenne IIKOJBHUKA MOJXKET OTIMYATBCS OT
ABTOPCKOI'O BapuaHTa pCIICHUA, IPCAOCTABIICHHOTO KOMHUCCHUH.

2. KoppekTHas mpoBepKa pPEHIeHHsT HE MOXET OBITh OCYIIECTBJICHA TOJIBKO IO OTBETAM.
OCHOBHBIM KPHUTEPHUEM NPABWIBHOCTH PELIEHUS SBIISETCA BEPHOE HCIOJIb30BAaHUE
(U3MYECKUX 3aKOHOB U pa3yMHbIH Y4ET TEXHUUYECKHUX IapaMeTpPOB, XapaKTEPUCTUK M

OTpaHUYCHUH.
BepHbie 3j1eMeHThI pelieHus KosmnuecTBo 0a/110B
1 | ChopmynupoBaHna pacu€THas cxema (B TOM 4YHCIIE, 0-5

rpaduyuecku), BBIJCIEHBI U MTPABUIBHO
dbopma30BaHbl BCE HEOOXO0IUMBIE (PU3UIECKUE

3aKOHBI

2 | CocraBiieHa cucTeMa YpaBHEHHI U MaTeMaTHdecKast 0-5
MOJIETh

3 | BepHO yuTeHBI TEXHHUYECKHE MTAPAMETPHI, 0-5
XapaKTEpUCTUKU U OrPAaHUYEHHUS

4 | [IpoBeneHbl pacueThl, OJIy4€H BEPHBIN OTBET, 0-5

paSYMHBIﬁ C TOYKH 3pCHUS (I)I/BI/I‘ICCKOFO CMBEICJIa

Hroro max 20




MOCKOBCKUA MOCYOQAPCTBEHHbIN TEXHUYECKUWA YHUBEPCUTET UMEHU H.3. BAYMAHA
3AKNIOYUTENBbHbIA 3TAN ONMUMNUALBLI LWKONbHUKOB «LWAI B BYAYLIEE-2021-2022»
MO NMNPOPUNIO «PUSUKA»

11 KNNACC
PELLEHUE BAPWUAHTA Ne 5.

SAO0AYA 1. (10 6annos)
Otser: |t=12C|

1) Wmnynbc cuiibl, ACHCTBYIOLICH HA TEJIO, PABEH ILUIOMIAAM IO

rpaduKoM: 2 e
1 At T i
AP = '[Fmax - At —EﬂFm ?) = Fm At(l—zj = Fm At 0’215: Kj

Fy H

Ke-M 0 3 6 te
=2-6-0,215=12.0,215 .
c
2) Takkak AP=m-Av ¥ y4uTbIBas, YTO HayalbHas CKOPOCTh TEJa paBHA HYJIIO, IOJIyd4aeM, 4TO
. AP 12.0,215
CKOPOCTh Te€Jla TOCJIe OKOHYAHHS JIEUCTBHUS CHIIBI OYJET paBHa: U:._ZW =12 m./c
m :

IIpy 1BYXKEHMM TI0 mepoxosatoif moBepxHocty M-V =Fp -t | re Fp=px-m-0Q.
OTkyna Bpemsi CKOJIBKEHHUsS Teja MO HIEPOXOBATOW MOBEPXHOCTH IO €r0 OCTAHOBKH OYJEeT paBHO
mo mou v 12

t = = = =12 c,
F- w#mg g 01-10
AO0AYA 2. (10 6annos)
3

Oteer: A = " VvRT.

V- T P P. V.
TaKKaK_3=_3=2,TO_1=_2=_4=2.

1 T, Py P3 1
Brenéwm cnenyromme o003HAUEHUS: 0 v

V1=V2=V; V3=V4_=2V
P,=P, P, =P,=2P, P,=4P. Toria 2PV = VRT
u

gz =5 (P + Py) (Vs — V3) =~ (4P + 2P)(2V — V) = 3PV == VRT).

A, = %(ZP + P)V = %PV = % VRT, Torpa pa6oTa, coBepuiaeMasi ra3oM B LIMKJIe, paBHa
3 3 3 3

A =A23_A14_=3PV_EP]/=EPV:ZVRT A=ZVRT

S3AO0AYA 3. (12 6annos)

kxo,—pmg k -

Omger: IN = ——= I
4umg L —

Hyers Xq/p - cmemenue Opycka BJIEBO NPH NEPBOM KOJIEOAHUH.

kxy? k52
3anuieM 3aKOH COXPaHEHHs SHEPrUn 0 — 2z 4 umg(xo + x1) .
2

2 2
k(xoz—xlz)

Ortcroza % = umg(xg + x1),
2



5-2

k(xo —x1 )(x0+x1/2) k(xo —x1)
2 . 2
= um ————— =um
2(xo+x1) Hmg -, 2 pmg u
2
2um
k(xg —x1) =2umg ,  omxyma X1=Xxy — ”k 7.
2 2
2um 4um
[Tocne opHOro HOJNHOrO KoJeOaHHs X1 = X1 — Mk g = Xog — 'uk g.
2
4um 4um
ITocne N xonebanmii Xy =x9 —N Mk g. Orcioma N Mk g = Xg—xy N =
oTKN.  Kones kxy = um
aumg oJic0aHus MPEKPATATCS, KOraa N = umg
kxo—um
Torna N = M.
4umg

SAO0AYA 4. (12 6annos)

4
OtBer: |Q=0E =§CE2

[lpu mepekmodyeHHH KiIr04Ya 4epe3 MCTOYHUK Toka E mporeder HekoTopwli 3apsin q. Paborta
Oarapen paBHa Eq. Dta paGora MOXET 4aCTHYHO IMONTH HA yBEITMYEHUE SHEPTUH, 3alIaCEHHON B Oarapee
KOHJICHCATOPOB, YaCTUYHO Ha BBHIJCNEHHE Tea B Hend. Kak BHIHO W3 pHCyHKa, 3apsa W,
CIIEIOBATENIbHO, HHEPTHs, 3alaceHHass B Oarapee KOHJCHCAaTOPOB, HE M3MEHSIOTCS IPU INMEPEeKITIOUCHUN
KJIr04a. MEeHSIOTCs JMIIb 3HAKM 3apsiioB Ha oOkmankax. CrenoBaTelibHO, MpHU MepekitoueHun  kioda K
Yyepe3 UCTOUYHUK TOKa IPOTEeKAeT

2 4 1 C 2C
3apsan q:2CBATE= rae CBAT:§C r.e.|] :§CE K—f;——“_|
4 .2
M B IIENHU BBIACIUIOCHh KOJIHUYECTBO TEILIA Q =qE =§CE .
2E E

3AO0AY A 5 (18 6annos)

2F;n
Orer: |[F, = 1= =3cm

2n—1

MOo’KHO cuuTaTh, YTO OINTHYECKAass CHUCTEMa B 00OOUX CIydasx
COCTOWUT W3 MPUCTABICHHON JIMH3bl H IJIOCKO-BOTHYTOM « BOISHOW»
JIVH3BL.

. 1
Onrtudyeckast cujia BOISHON» JHH3BI paBHa (n — 1) (— E)'

OnThueckass cuila CHCTEMbl paBHa  CyMME  ONTHYECKHX CHIL
ITosTomy

1 1 1 1 1 1 1 1 1
=t @-D(=3) i o p=rre-D(-3) g=0-D(E) g
1 2(n-1+1 2R 2R 1 n-1) 1
—=—; F, = = (2) W3 (1) BEIpasuM 1t )+—;
F 2R 2(n-1)+1  2n-1 F R
1 _n 2R 2Fn
F_l =% OTkyAa R=F,-n . Toacrasum B (2), monydum F, = o1 = 1
[ToncraBuB ynCIOBBIC 3HAUCHUS, HaWAEM (OKYCHOE pACCTOSTHUE BTOPOM JHUH3BI F, = 2Fn 3cMm

2n—1



5-3

3AO0AYA 6. (18 6annos) Z
@B
m g
OteT:  |Upax = \/; (2ag — a?) - BL, <8
m
Bropoit 3akon HpioToHa nnsi cTepHS  NOpu  JABMXKCHUU IUIAaTGOPMBI BHU3 C
YCKOpPEHHEM a: mg—kAx—N=ma ,rae N- cuna, aelcTByioIas CO CTOPOHBI L
wiatpopMbl Ha CTepkKeHb. B MomeHT otpbiBa crepkHs OT miarpopmel N = 0w,
clefioBaTeNIbHO, Mg — kxg =ma , THOe Xo -BEIMYMHA pPACTSHKCHUS NPYKUHBI B MOMEHT OTpBIBA
CTEpIKHSI.
_ m(g-a)
Xog = Y Tak xak mnargopMa JABIKETCS  C MOCTOSHHBIM YCKOPEHHEM d, TO
a-t?
Xo = 5 v TAe T - BpEMs OT Hadana ABHXKEHUA mw1aTGopMbl O MOMEHTa OTpbIBA CTEPXKHS OT
. 2x9 y
He¢ Belpaxas u3 mocneaHero paBeHctBa T = [—— , HaiileM CKOPOCTb CTEpKHS B MOMEHT
a
2)(0
ompeBa: U1 = at =a |— =,/2axy . (1) Jna Touku paBHOBecHs Xp: Mg = kxp,
a
_mg _ __ma )
oTKyna Xp = pat [lostomy Xq = Xp — Xg = . 2

[Tocme otpeiBa  OT TWIAT(HOPMBI CTEPKEHH COBEpIIACT TAPMOHMYECKHE KOJCOAHHWS OKOJIO TOYKHU

paBHOBECHUA, OIIMUCBIBACMbBIC YPABHCHUAMMU:
k
m

x = Asin(wt + @) wu 9, = Awcos(wt + @) , e w =

[Moncrasiss B 3TH ypaBHEHUs] 3HaueHHs KoopAauHatel X1 (2) u ¥; (1),
T X1- CMeujeHue CIepaICHs Om NOJIOJCEHUs. PABHOBECUs. 8 MOMEHM Ompbléa,
¥, - CKOpoOCmb CMEPIICHA 8 IMOm MOMEHM, NOYy4aem YpasHeHUe:

2 2 2 2
X1 91" 2 2, 9Y9° _ (ma 2axg
A_2+A2w2 = 1. Orcroma A" = x4 oz =\ + L m

m
CnenoBarensro, A = ?\/az + Za(g — a) .
y m | 2
To ects ammuTyna xonebaHuil paBHa A= ; Zag —ac .

[Ipyn nBM>KEHMM CTEP’KHS B MAarHUTHOM TI0JIE€ MEXAY €ro KOHIIAaMH BO3HUKAET Pa3HOCTh MOTEHIMAJIOB,
MaKCHUMaJIbHOE 3HAYCHHE KOTOPOM pPaBHO

m k m
Unmax = 9maxBL = AwBL =E-\/2ag—a2 -j;-B-L =\/E(2ag—a2)-BL

Upax = \/% (2ag — a?) - BL.

HenedopmuposanHas

TIPYKWHA
A

v OtpniB

C——————i v PaBHOBeCHe




