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Bapuant 7/

1. IBa rpy3a maccamu M U 2M, COEAMHEHHBIE JIETKOM MPYKUHOM KeCT-

KOCTH K, ITOJIBEIIIeHBI K MOTOJIKY ¢ roMoInbio HuTd H (cMm. puc.). C ka- H
KHUMH YCKOPEHUSMH HaYHYT JBUTATHCS TPY3bl, €CITH HUTh H mepexedn? m
lo
k
2m
(10 6annos)

2. B MOMEHT cTapTa pakeTbl HAUMHAIOT paboTaTh JBUTATEIM, CO3AAIOIINE PA3TOHSIOLIYIO
pakery cuiy. Ha pucynke npuBezieH rpaduk u3mMeHenus 3toi cuisl F(t) ot Bpemenn t. B
MOMEHT OKOHYaHHUs paboThI nBurareineii t = 3t pakera mproOpeTacT HEOOXOIUMYIO MaK-
CUMAJIBHYIO CKOPOCTh Vmax. Kakoil CKOpOCTH MOCTUTAET pakeTa CITyCTS BpeMs T IOCIe
Hayayia paboThl IBUraTeiei?

(10 6annos)

3. Kamenp nBrmkeTcs mo mapabosie B OJHOPOIHOM I'paBUTAIIMOHHOM Tosie 3emid. B mpo-
1ecce JABMKEHUS OH ITPOXOIUT IMOCS0BATEILHO YeTHIPE METKH Ha ATOM mapaboJie, HaXxo-
nsmyecs: B Toukax A, B, C u D. M3BecTHO, 4TO BpeMeHa MPOXOXKJICHHUS y4aCTKOB TPacK-
topun AB, BC u CD otHocsTcs kak 1:2:1. Uemy paBHO OTHOIIIEHHE MOAYJsSl BEKTOpa Iie-

pemetenns kamasi AD K MoJIyiIr0 BekTopa repemeletns BC ? COnpoTHBICHHEM BO3LY-
Xa npeHeOpeyb.
(12 6annos)

4. B U-oOpasuyto TpyOKy HaauTa pTyTh (CM. pHC.).
YpoBHU pTYyTH B 00€uX YacTsIX TPyOKH OJMHAKOBHL. B &
JIEBOM F€pMETUYHO 3allastHHOM 4acTW HaJ PTYThIO HaXo- Il
JUTCS CTOJIOMK Bo3ayxa manuHoi | = 50 cm npu Temmepa-
Type tp = 27°C. Kakoii cTaHeT pa3HOCTh YpPOBHEU PTYTH B
JIEBOM U MpaBoM YacTsaxX TpyOKH, eclii BO3IyX B JIEBOM €€
yacTu HarpeTh Ha At = 14°C? Atmocdepnoe naienue paBHo H = 750 mm prt. cr. Uc-
KpPUBJIEHUEM yYPOBHS PTYTH B TPyOKe, a TaKKe TEIJIOBBIM PACHIUPEHUEM PTYTH U TPYOKH
npeHebpeyn. [L1oTHOCTH pTYyTH HEM3BEeCTHA!

(16 6annos)
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5. Ha pucynke B koopaunatax U-p (U — BHyTpeHHss 3HEprus, P — JaBJICHHE) H300paKe-
HbI TpauKku IBYX IUKIMYECKUX TporeccoB 1-2—3—-1 u 1-3—4-1. 1-2 u 3-4 — npsmoinu-
HEHHbIE OTPE3KH, MPOAOKEHUS KOTOPBIX MPOXOIAT Yepe3 Hauyajao KOOpaAuHaT, 2-3 u 4-1 —
NPSIMOJIMHEWHBIE BEPTHKAJIbHBIE OTPE3KH, 3-1 — ayra KBaapaTUYHOW mapadoJbl, IpOXo-
JsmIe yepes3 Hadano koopauHat. [locTpoiiTe rpadmkn 3TUX MPOIIECCOB B KOOPAWHATAX P-
V (V — 006bem) u onpenenute KIT/ mukna 1-3—4—1, ecnu KI1J] uukna 1-2—-3-1 usBecten

1
" PpaBCH 77, = ﬁ O06a OUKJIa COBCPHIAOTCA C OAHUM M TCM KC KOJIMICCTBOM HCKOTOPOI'O

(HEM3BECTHOI0) UCAITBHOTO rasa.
U 3

(16 6annos)

6. Ha rmagkoii ropu30HTaIbHON MOBEPXHOCTH PACIOIOKEHA MEXaHUYeCKasl CUCTeMa, CO-
CTOSIIIAs U3 ABYX I'PY30B Maccoil M = 1 Kr u ABYX rpy30B Maccoi 2m = 2 Kr, u3o00paxxeH-
Hasl Ha pUCyHKe. BepxHue rpy3sl Maccol M COEAMHEHBI HATIHYTOW HEBECOMOW HEPACTS-
»KuMoi HuThi0. Koadduiiment tpenust Mexxay rpyzamu m u 2m pased p = 0,1. I'opuzon-
TajbHas cuia F, peiicTByromas Ha rpy3 1 paBHOMEPHO YBEIMYMBAETCS OT OYEHb MAaJIbIX
3HaUYEHUU 10 coBceM Oonbmux. [Ipm kakom HamMeHbleM 3HaueHUM F rpy3 2 HauHeT
CKOJIb3UTh OTHOCUTENBHO Tpy3a 1? IIpu kakoM 3HaueHuu cuibl F yckopenue rpysa 1 ot-
HOCHTEIHFHO HEMOABMKHOM IOBEPXHOCTU CTaHET paBHBIM a; = 1 M/c?? Uemy mpu 5TOM
3HAYEHUU CUJIbI F paBHBI YCKOPEHUS! OCTANIbHBIX TPY30B?

m

3

2m

4

2m

2

m

1

_>F

SIS AL LSS SIS S SIS SIS S
(16 6annos)

6. (20 6amIoB) NmeeTcs HepacTBOPUMBI B KEPOCUHE MOJIUIMCIEPCHBII (C YaCTHIIAMH Pa3HBIX pa3zMe-
POB) MOPOIIOK W3 MaTepuaja HeM3BECTHOW IUIOTHOCTU. HachimHas MIOTHOCTh (OTHOILIEHHE MAcChl K 3a-
HIMAeMOMY OPOIIKOM 00beMy) MaTepuaia pasHa 1450 kr/m>. CpeHss IIOTHOCTh MaTepHana, 3aiH-
TOro KepocuroM — 1950 xr/m.

Haiiyiute mioTHOCTH MaTepuania. II0THOCTb KepOCHHA MPHHATH paBHoit 800 Kr/M>.
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PELHIEHUS. BAPUAHT 7
Bapuant 7/

1. 1IBa rpy3a mMaccamMu M u 2M, COCAMHEHHBIC JICTKON MPYXHHON XKECTKOCTH K,
MOJIBENICHBI K MOTOJIKY ¢ nmoMolibio HUTU H (cM. puc.). C KakuMu yCKOpEHUSIMU
HAYHYT JBUTAThCS TPYy3bl, eciid HUTh H nepexeun?

b

2m

(10 6annos)
Pemrenmue.
Jo mepexwuranns HUTH H mnpyxuHaA pacTsHyTa MU CHJIAa YIPYrOCTH pPaBHA
=2mg .

IMocne nepexuranus mutn H. may =mg + F,, =3mg, = & =39 =30m/c’.

Fynp
2ma, =2mg-F,, =0,= a,=0.

2. B MOMEHT cTapTa pakeThl HAYMHAIOT padOoTaTh JBHUTaTENId, CO3AAIOIINE Pa3ro-
HSIOIIYIO pakeTy cuiay. Ha pucynke npuBeaeH rpaduk u3MeneHus 3toi cuisl F(t)
oT BpemeHHU t. B MOMeHT okoHUaHMs pabOThI JBUTaTeNnei 1 = 3t pakera mpuoodpe-
TaeT HEOOXOAUMYIO MaKCHUMAJIbHYIO CKOPOCTh Vmax. KaKoW CKOPOCTH JOCTHTAcT
pakeTa CIyCTsl BpeMsl T ITOcjIe Hadyaia paboThl IBUTATEIICH?

(10 6annos)
Pemrenue.
O0603HaYMM M Maccy pakeThl W 3alHIIeM 3aKOH U3MECHCHHSI UMITYJIbCa paKe-
ThI 32 uHTEepBasbl Bpemenu (0,31) u (0, 1).

M :%FmaX(3T+T):2FmaxT1 mVl:%FmaxT- = Vlzvaax.

3. Kamens aBmxetcs mo mapadojie B OJHOPOIHOM IPaBUTAIMOHHOM TOJIe 3EMIIH.
B mporecce ABMKEHUS OH MTPOXOJIUT MTOCIIEIOBATEIBLHO YEThIPE METKH HA 3TOH Ta-
paboue, Haxoasmmecs B Toukax A, B, C u D. M3BecTHO, 4TO BpeMeHa MPOXOXK/Ie-
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PEHIEHUSA. BAPUAHT 7
Hus ydactkoB Tpaekropuu AB, BC u CD otHocsarcs kak 1:2:1. YUemy paBHO OTHO-
HIEHUE MOAYJS BEKTOpa nepeMeiieHus kamast AD Kk MOIyiro BEKTOpa nepemelnie-

unst BC ? CompoTuBIICeHHEM BO3/IyXa MPEeHEOPEYb.
(12 6annos)

Pemienue.
O003HauUMM CKOpPOCTh KaMHSI B TOUke A \70, BpEMSI IPOXOXKJICHUS YYACTKOB

AB u CD uepe3 1, Torna Bpemsi npoxoxjaeHus ydactka BC Oynmer 21, a Bcero
ydactka AD 4t. Toraa ckopocTs KaMHs B Touke B Vg =V, +J7.

= 2
AD:VO-4T+@:4§O.T+§.82-2’

~ 2
BC:\78.27+%:(vo+gr).2r+g-2r2:v0-2r+g-472.

. AD
Otkyna cnenyet, uto AD =2BC, cooTBETCTBEHHO % =2.

4. B U-o0pa3Hyro TpyOKy HalIMTa pTyTh (CM. PHC.). YPOBHHU PTYTH B 00EUX YACTSIX
TpYOKH OJJMHAKOBBI. B J1€BO repMEeTHYHO 3aMastHHOW YacTU HaJl PTYThIO HAXOIUT-
cs cToyonK Bo3ayxa miuHo# | = 50 cM mpu Temnieparype to = 27°C. Kaxkoii ctaner
Pa3HOCTh YPOBHEH PTYTH B JIEBOM U MPaBOM 4aCTAX TPYOKH, €CIIM BO3yX B JIEBOM
ee yactu HarpeTh Ha At = 14°C? Atmocdepnoe nasinenue pasHo H = 750 mm pr.
cT. VckpuBieHueM ypoBHsS PTYTH B TpyOKe, a TaKKe TEIUIOBBIM PacUIMPEHHEM
pTYTH U TpyOKHU npeHeOpeub. IlnoTHOCTE pTyTH HEeusBecTHa!

(16 6annos)
Pemrenue
T.K. B Hauaje ypOBHU PTYTH B O0EUX YACTAX TPYOKU OJMHAKOBBI, TO JaBIIE-
HHE BO3/yXa B JIEBOM 4acTH TpyOku paBHO P, =,gH ,rne H=10,75 m.
[Tpu HarpeBanuu Bo3ayxa B JIEBOU yacTu TpyOku Ha AT ypoBEeHb pTYyTH B HEl

MOHU3NUTCA Ha BEJIMYHMHY X, a B MPaBON YacTH COOTBETCTBCHHO TMOBBICHTCS HA X
(cm. puc.).
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3anuiuem ypaBHeHue KianelipoHa i Bo3yxa B JIEBOM 4acTu TPYOKH.
PoVo _ PV
T
TPYOKH.
JlaBneHue BO BceX TOUKaxX pTyTH Ha ypoBHe AB oanHakoBo.
P= P +,g-2x=pg(H +2x).
[ToncraBnsiem opmyibl Ui AaBlieHUs: U 00beMa Bo3ayxa B ypaBHeHue Kia-

,rae V,=IS, V=(1+x)S, T=T,+AT, S — miomanp ceueHus

IEUpOHa.
pgHIS _ pg(H +2x)(1+x)S = 2x2+ (20 + H)x— HIAT iy
T, Ty + AT T,
—(21+H )+\/(2I +H )2 + BHIAT
= X= ¢ =0,01m.
4

Pa3zHocTh ypoBHEH AX =2X=2cM.

5. Ha pucynke B xoopamnatax U-p (U — BHYTpeHHssS SHeprus, P — JaBJICHHE)
n300pakeHbl rpaduKu JBYX IMUKINYecKux mporeccoB 1-2-3-1u 1-3-4-1. 1-2 u
3-4 — npsIMOIMHENHbIE OTPE3KH, MPOJIOJDKEHUS KOTOPBIX MPOXOAAT Yepe3 Hayallo
KoopauHat, 2-3 u 4-1 — npsMonMHENHbIE BEepTUKadbHbIE OTpe3ku, 3-1 — ayra
KBaJIpaTUYHON mapabosbl, MpoXoJsuied uyepe3 Havano koopauHart. Iloctpoiite
rpaduKu ITHX TporeccoB B koopauHatax P-V (V — oobem) u onpenenure KIIJ1

mukna 1-3—4-1, ecou KIIJ] nuxna 1-2—3-1 u3BecTeH u paBeH 7, = 1—11 O0a 1mkIia

COBCPHIAIOTCA C OAHHUM H TEM KE KOJIMYCCTBOM HCKOTOPOTO (HCI/ISBCCTHOI‘O) nac-

AJIBHOI'O Tra3a.
U 3

(16 bannos)
Pemienue.
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PEHIEHUSA. BAPUAHT 7/

I :
[Tonw3ysicy Tem, uto U ZE pV, rae | = 3 myis OAHOATOMHOTO raza u 5 Jist

JIBYXaTOMHOTO, IOJy4nM, 4To 1-2 u 3-4 — nu3oxopHsie mporiecchl. [Iporeccer 2-3 u
4-1 — uzobapHsle.

N3 ypaBHenus npouecca 3-1 U :lzvRT =ap®+bp u ypaBHEHHUS COCTOSHUS

pV =vRT cnenyer, uro p(V) — nuHelHas QyHKIHUA.
I'paduku nuknoB 1-2—3-1 u 1-3—4-1 npencraBieHbl HA pUCYHKE
O6o03Haunm uepe3 A paboty 3a nuki 1-2-3-1. Touno Takas ke pabota co-
BepuIaercs 3a uukia 1-3-4-1. B nuxie 1-2-3-1 nomydennoe temno Q  =Qp, +Q.s,
a otnanHoe Q= |Q31|. Torma A=Q, ,—Q,,.,
B umkne 1-3-4-1 momydennoe temno Q) =Qi; =|Qy[=Q,,.
Qo = |Qas| +|Que|, A=Q,, — Q-

KITJ muknoB 1-2-3-1 7 u 1-3-4-1 77, BEIYUCHAIOTCS 110 POpMYyJTIaM:

OTAAHHOEC TCIIIIO

A A 1 ‘Q31‘
P 2 3 n= = , > —=1+—=
. Qnoxz A+‘Q31‘ 771
A A _
Uz:Q, :m’ :%=i—1:—1 LY
! 2 non 31 771 771
Vv
Th 1

Torna ko nukia 1-3-4-1 BelpakaeTcs yepes ki uukia 1-2-3-1. 7, = 1 = 0
—Th

6. Ha rmagkoii TOpM30HTAIBLHON MOBEPXHOCTH PACIONIOKEHA MEXaHHYECKas CH-
CTeMa, COCTOsIIas U3 JBYX IPy30B Maccoid M = 1 KT U ABYX Ipy30B Maccoii 2m = 2
KT, U300pakeHHasi Ha pUCyHKe. BepXHue rpy3bl Maccoil M coeTMHEHbl HATSHYTOU
HEBECOMOU HepacTsHKUMON HUTHIO. KoadduimeHT Tpenust Mexy rpy3aMmud M u 2m
paBeH p = 0,1. I'opusonrtanbHas cuna F, geiictByromas Ha rpy3 1 paBHOMEpPHO
YBEJIMYMBAETCS OT OYEHb MallbIX 3HAaYeHUM 10 coBceM Oousblux. [lpu kakom
HaMMEHbIIIEM 3HaYeHUU F rpy3 2 Ha4HET CKOJIb3UTh OTHOCUTENbHO Tpy3a 1? Ilpu
KaKOM 3HaueHuu cuibl F yckopenue rpy3a 1 OTHOCUTENBHO HEMOJBUXKHOM MO-
BEPXHOCTH CTAHET PaBHBIM a; = 1 M/c?? UeMy IIpu 5TOM 3HAYEHUM CHIIBI F paBHBI
YCKOPEHHUSI OCTAJIbHBIX TPY30B?

m 3 2 m
2m 2m
4 1 /—F
LSS S SIS S S S S S S S A A,

(16 bannos)
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Pemenue
1. PaCCMOTpI/IM ABHIKCHUC CUCTCMBI KaK CIHMHOC ICJIOC C YCKOPCHUCM a BIIpa-
BO. 3aIluIIeM YPaBHCHUA JTUHAMHUKU IJISI BCCX T'PY30B.

m A'\ I\ A m F — FTp2 = 2ma’
Fus ||3|5 Il 2 Foe
“ — | i Fp —T =ma,
2m| 4 2m| 1 —F T-F_,=ma,
44 . p2ma
3 = '
W3 3T0i1 CUCTEMBI CIIEAYET, YTO YCKOPEHUE CUCTEMBI a = o Cunbl TpeHus
m
2 F
Fp # F;— cuibl Tpenns mokos, koTopbie pasuel F , =4ma =3 F, Fps =3

I'py3 2 nauyner ckomb3uth korma F,=uN=pumg. = F :g umg =15H. IIpn

5TOM 3HaYeHHMHU CHIIbl F yckopenus Beex rpy3oB a = 0,25 m/c?,

2. DTO 03HAYaeT, 4TO YyCKOpeHWe rpysa 1, pasHoe a; = 1 m/c?, Gymer mpu
OosbiiieM 3HaueHuu cuibl F. Halinem sto 3Hauenue cuibl F. BenenctBue Hepac-
TSOKMMOCTH HUTH YCKOPEHUS I'Py30B 2 U 3 paBHBI: @, =a;. JlOKaXeM, 4TO B OTOM

Cllydae rpy3sl 2, 3 u 4 IBUKYTCs KaK €IMHOE 1IEII0E, T.€. A, =83 =3a,.

[Ipennonokum MpOTUBHOE: TPY3 3 CKOJB3UT MO Ipy3y 4. Toraa Mexxay HUMU
JCUCTBYET CUJIa TPCHHUSI CKONBXKEHUS F, = 4MQ . 3amuinem B 5TOM Clly4ae ypas-

HEHUSI IBUKEHUS TPY30B 2 U 3, CBA3aHHBIX HUTHIO.
Hnsiepysa 2: F , =T =ma,,

Hnsiepysa 3: T —F ; =mas.
Homyunan mpotusopeune, T.K. F , =F ;=4umg, yckopenus rpysst 2 u 3

PaBHBI A, = A, ¥ HAIIPABJIEHbI B OJHY CTOpOHY. Cl1e10BaTeIbHO, YCKOPEHHUS I'PY30B

FTp2

4dm

2, 3 1 4 OIMHAKOBBI U PaBHBl A, =3 =a, = :'uTg:O, 25M/c?, a yckopenue

F-Fpn _ F —umg
2m 2m

py3a l a = , = F=m(2a, + 1g) =3H.

6. (20 6amnoB) MmMeercs HepacTBOPHMBIK B KEPOCHHE MOJIUIMCIEPCHBIA (C YacTULAMH pa3-
HBIX Pa3MepOB) MOPOIIOK U3 MaTepuaia HEM3BECTHOW IIIOTHOCTH. HackimHas mioTHOCTh (OTHO-
IIEHHE Macchl K 3aHMMAaeMOMY MOPOLIKOM 00bheMy) Marepuana pasHa 1450 kr/m®. Cpemuss
TLIOTHOCTH MATEPHAINa, 3ATHTOr0 KepocHHoM — 1950 kr/m3.

Haiiyiute mioTHOCTH MaTepHana. III0THOCT KepoCcHHa MPHHATH paBHoit 800 Kr/ M.
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Pewenue:

HacpinHas mioTHOCTE:

M

M
Poae =57 1 17
HaC .L"rM, _|_ L_rrr
rae M,, — macca marepuana, V,, — 00bém matepuana, V; — 00bEM mycToT

Onpenenum ko3 PHUIMEHT 3aMOITHEHUS:

V.

M

K,=—2—
V,+V,

Otkyna o0bEM MyCTOT:

v,
Vnzé—vﬁ

KoadduuumeHT 3amomHeHns MOKa3bpIBaeT KaKyl0 4acTh MPOCTPAHCTBA 3aHMMAET HEMOCPEICTBEH-
HO MaTepuall.

3anumemM BBIPAXKCHUC JJIA IIJIOTHOCTHU IMOPOMIIKA B KEPOCUHE!

M, + M,
pHEH: VM+VH

e MK — MaccCa KE€pOoCHHa. PacnumemM maccel KCPOCHHA U IMOPOIIKa:

M, =pV

0]

MF“[ = -pl“‘[ VH
Beipazum minotHocTH uepe3 KodpGUIMEHT 3anonHeHus K.

HacpinmHas n1oTHOCTS:

MM! MM!
Paze = v = ?KE :-IGM:KE
VH—I_E'E-_VM M

2

[110THOCTB B KEpOCUHE:

PV T P (%’; - VM)

V.
Vet gt Ve

PHBH:
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PV + By {% - VM}

K;

pHEK:

1
= ——1) |k
Prex (JDM + Py (Kg )) 3

BripasuB 3 HAaCBHITHOHN MIIOTHOCTH KO (GUIIMEHT 3aTI0THEHUS:

:pHEII'_‘

K.
3 P

U mopctaBuB 3TO BhIpaXeHHE B GOPMYITY JUISI IDIOTHOCTH MOPOIITKA B KEPOCHHE, TTOITYIUM:

Posx = PM+PK(P” —1) Paze
p P

HaC

OTKy,[[a IJIOTHOCThb MaTCpualia:

D
FPree = Prae + Py (1 _E)

M
_pHEL‘:-pIIEK_-pHEL'

1

P Py
Paae =1 Pree ™ Prac — Py~ Prex + Paze

P Py Py
_ PraclPy

.IGM -

Px ~ Puzx T Puac
YucneHHo:

1450 -300 KT

P = = 3867 —

300 — 1950 + 1450 p3

EL
Ortser: IInotHOCTE MaTepuana 3867 —.
M



