MHNHOBPHAYKHN POCCHUU

denepanbHOE rOCyAaPCTBEHHOE OIOIKETHOE
00pazoBareIbHOE YUPEKICHUE BbICIIET0 00pa30BaHUs
«Tynpckui rocy1apCTBEHHBIN YHUBEPCUTET

HNuctutyT ECcTeCTBEHHOHAYYHBIN
Kadenpa «Dusuka»

YTBepkJIeHO Ha 3aceqaHuu Kadeapsl
«Duzukay

« 27 » suBaps 2021 ., mporokoi Ne 6

3aBenytomui kadeapoit

D —— P.H. PocToBLeB

METOAUYECKUE YKA3AHUSA
110 OPraHU3ALMHU M BBINOJHCHUIO CAMOCTOATEIbHON PAa0OTHI
10 AMCIHHUIIHHE (MOTYJII0)
«BBegeHue B pU3UKy»

OCHOBHOM Npo¢ecCHOHAIBHOI 00pa30BaTeILHON MPOrpaMMBblI
BbICIIIET0 00Pa30BaHMS — IPOrPaMMBbl 0akajiaBpuara

10 HAIIPaBJICHUIO MOJATOTOBKH
08.03.01 CTpouTeibCTBO

C HaMpPaBIIEHHOCTHIO (TPOHUIEM)
TemyiorazocHa0xkeHne ¥ BEHTHIISIIIAS
®dopma 00yueHusl: OUHas1, 3a0UHast

Nnentuduxanmonnsii Homep obpaszoBarenbHoii mporpammbl: 080301-06-21

Tyna 2021 roa



Pa3zpaboTunku MeTOAUYECKUX YKAZAHU A

JKuryuos B.B., npodeccop, a.1.H., npodeccop

(®UO, nomKHOCTD, yUeHasl CTENIEHb, YIEHOE 3BaHUE)

Kurynos K.B., TOIIEHT, K.T.H., JOIIEHT
(®UO, nomKHOCTD, yueHasl CTENIEHb, YIEHOE 3BaHHE)

sk

(moanuce)

e

(moanuch)



Ha3naueHue 1 CpOKH BBIIOIHEHUS] MEPOIIPHUITHH 110 peann3ainuu Bcex hopM caMOCTOSTENb-
HOU paboThL.
CamocrosiTenbHas paboTa IJIAHUPYETCS U BHIMOIHICTCS B COOTBETCTBUU ¢ [ 0cynapcTBeHHBIM 00pa-
30BaTeNIbHBIM CTAaHAAPTOM HarpaBieHust noarotoBku 08.03.01 Cmpoumenscmso npoduneii moaro-
TOBKH [Ipomvluunientoe u epajdcoanckoe cmpoumenvcmeo, llpouzeo0cmeo u npumenenue cmpou-
MeNbHbIX Mamepuanos, uzoenut u KoHcmpykyui, TennoecazocHaboicenue u senmunayusi;, Booocnao-
JiceHue u eoooomeeodenue, 1 opoockoe cmpoumenbcmeo u Xo3aiucmeo, A6momoouivHble 00po2u.

ConepxaHue U CMBICIOBasi HAITOJHEHHOCTh, 00BEM U CPOKHU BBITMIOIIHEHHS CAMOCTOSITEIbHOM
paboThI, COOTBETCTBYIOT YUEOHBIM IUIAHAM OYHOU (OpPMBI 00ydYeHHs 1O AuCIUILTUHE "BBenenue B
¢uzuky" Hanpasnerus noArotoBku 08.03.01 Cmpoumenscmao.

1. Ileap ¥ 3aa4M BBIIOJHEHHS CAMOCTOITEILHON pa0boTheI 0 gucuuiuinae "Beenenue B du-

n

3UK

[enb BBIMONHEHNS CAaMOCTOATEIbHON pabOThI 110 AucHUILIMHE "BBeaenue B Gu3uky" cocTout
B YCTpaHEHUHU MPOOIeM aIaliTAlMOHHOTO XapaKTepa, BOSHUKAIOIINX Y CTYIEHTOB IIEPBOT0 Kypca mpu
W3yYCeHUHU YUEOHBIX JUCIHILINH €CTeCTBEHHO-HAYYHOTO ITUKJIA, B YACTHOCTH MPU U3YYCHUH (DU3HUKH.

3amauaMu OCBOCHUS JUCHUILTUHEL "BBeneHne B GU3nKy" SBISIIOTCS:

1) pa3BuUTHE JIOTHYECKOTO MBIIUICHHUS ¥ OBJIAJICHHE METOAMH PEIICHUS (GU3NICCKHUX 3371
MMOCTPOCHUEM MaTeMaTHYECKUX MOJICIICH (PU3NUECKUX MPOIECCOB;

2) GbopMHpOBaHHE HABBIKOB 00Pa0OTKH IKCIIEPUMEHTAIBHBIX JaHHBIX C IPUMEHECHHEM dJIe-
MEHTOB TEOPUHU OIIMOOK, TOCTPOCHUS TpapHKOB 3aBUCUMOCTEH (PHU3UUECKUX BEIIMUHH.

II. ConeprkaHue caMOCTOSATENbHON paboThI Mo AucHuIuInHe "BBeaenue B pusuky".

Ha BbinonHenne caMocTosTeNbHON paboThl OTBOAUTCS 33JaHHOE YUEOHBIM IJIAHOM KOJIMYe-
CTBO YacOB CaMOCTOSITENIbHBIX 3aHATUI CTylAeHTa. MeponpusTHs 10 CaMOCTOATEIbHON paboTe BBI-
MIOJIHSIETCSL B TEUEHUE CEMECTPA U JOJKHBI ObITh CIaHBI JUIsl MPOBEPKH MPENoaBaTeso B Ha3HAYEH-
HBII UM CPOK.

B kauecTBe 271eMEHTOB CAaMOCTOATENILHON BHEAYAUTOPHOU PAaOOTHI CTYICHTHI pEaTu3yIOT U3Y-
YeHHE TEOPETUYECKOr0 MaTepHaa, BBIHECEHHOTO Ha CAMOCTOSITEbHYIO pabOTy, M TIOATOTOBKY OTYe-
TOB IO JOMAIITHUM 3a/IaHUSIM.

CamMocTosTenbHONH paboTa BBHIMONHSIETCS C MPUBICYEHUEM BO3MOXKHBIX MH(GOPMAIIMOHHBIX
Bo3MOkHOCTeH (Oubmuoreka Tynl'Y: yueOHas, MoHOrpaduyeckas, nepuoguueckas JuTeparypa U
ANIEKTPOHHBIE CPEICTBA MH(POPMALINH).

III. MeToarKa BBIIOJHEHHS CAMOCTOSATEIHLHON paOOTHI.

Jomamisss pabora BeinonHsercs Ha guctax gopmara A4. lpudt Times New Roman, kerib
14, MeXKCTpOUYHOE PacCTOSIHUE OIMHAPHOE, OTCTYN 1 cM, 1ot — Kpyrom — 2 cM. BripaBHUBaHuE — 110
mupuHe. TexcToBswiid pegakTop — Word.

[IpuBeneHHbIe B OTUETE pELICHUs 3a]1a4 JOJKHBI COOTBETCTBOBAaTH HOMEPY BapUaHTa 3ajla-
HUS, BBIJIAHHOTO TPEIo/iaBaTeIeM JaHHOMY CTYIEHTY. B MpOTHBHOM ciydae 3a TPEIIOKEHHBIN K
c/iaue MaTepuai HaYucIeHus 6aioB He TPOU3BOTUTCS.

O0s13aTeTBPHBIM 3JIEMEHTOM O(DOPMIICHHS OTYETA O BHITIOJTHEHHOM JIOMAITHEM 3aJIJaHUU SIBJISI-
€TCsl TUTYJAbHBIN JHCT, 00pa3er] KOTOpOro MpHuBeIeH HIbKe. TUTYIBHBIN JIUCT HE HYMEPYeTCs.
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IPUMEPBI BAPUAHTOB JIOMAIITHUX 3ATAHUI

Homawnee 3aoanue Nel
1. Yactuma aBwKeTrcs Tak, 4YTO €€ CKOPOCTh 3aBUCUT OT BpPEMEHH TI0 3aKOHY
B T G I S - =
\7(t)= - A;—B—2 +J- B—3—A; , tne A, B — NOCTOsSIHHBIE BEIWYMHBI, |, | — €JUHUYHBIC
T T

OpTHI B ICKAPTOBOM CHUCTEME KOOpauHaT. Uepes CKObKO CeKyH I YCKOPEHHE YaCTHIIBI Oy/IeT epIIeH-
JTUKYJISIPHO OcH y, eciii T=1 ¢, 4 =2 m/c, B =3 m/c.

a)0,171c 6)0,271c B)0,471¢c 1)0,671¢c n) 0,871¢
2. Yactuna Hayana cBOE JABMIKEHUE U3 HaYaJla KOOPJAUHAT C HYJIEBOW HAYaJIbHOW CKOPOCTBHIO, U €&
t

2 4
j +]B(£) , e A, B — mocrosiHHas
T T

YCKOPEHHE 3aBHCUT OT BPEMEHH 110 3aKOHy a(t)=i ~A(

- -

BEJIMYMHA, |, ] — CIMHUYHBIC OPTHI B JICKAPTOBOW cHCTeMe KoopauHat. HailTu TaHreHc yria, 1moa
KOTOpPBIM 6y,£[eT HaIrpaBJI€Ha CKOPOCTb 4aCTHULbI K OCH X B MOMCHT BPECMCHU t= 1 C, €CIIN T= l C, A
=2 m/c?, B=3 m/c%.
a)1,1 6)0,9 80,7 r)0,5 10,3
3. CKOpOCTh 4aCTHIBI U3MEHSAETCSI BO BPEMEHH I10 3aKOHY V = 5t-T+12t-]. Yemy paBHa BeIUYUHA
TAHI'CHIHUAJIBHOI'O YCKOPCHUS YaCTUIIBI B MOMCHT BPEMCHU t=1c¢?
)26 M/c>  6) 13 M/c® B)17 M/c® 1) 34 m/c?
4. IIEICTI/II_IEI ABHUIKETCS BAOJIb OKPYKHOCTU C paanyCcomM 1 M B COOTBETCTBUH C YpaBHCHUEM

o(t) = 275(t3 12t + 24) , TJIe (0 —YyToJI B paauaHax, t —Bpems B ceKyHaax. Yemy paBHO TaHI€HLIMAJIb-

HOe (KacaTellbHOE K TPAeKTOPUH) YCKOPEHHE YacTHUIIBI (B M/ ¢?) B TOT MOMEHT BPEMEHH, KOrIa eé

HOPMAaJIbHOE YCKOPEHHE PaBHO HYIIO?
a)6bn 0)12n B)24m 1) 36m
5. Yactuma u3 cOCTOSIHUS TTOKOSI Hauaa IBUTAaThCs 110 IyTe OKPY>KHOCTH paanyca R =1 M co ckopo-

y t y
CThIO, MOOQYJIb KOTOPOH 3aBHCUT OT BPEMEHHM 110 3aKOHY V = A- P Haiitu TaHreHc y1iia MEKAYy BCK-

TOPOM TIOJTHOTO YCKOPEHHS ¥ BEKTOPOM CKOPOCTH 4YacTHUIll yepe3 Bpems t=1c, ecmm t1=1c. 4 =2

M/c.
a)2 6)3 B4 15 n)6

Homawnee 3aoanue Ne2
1. qaCTI/IHa JABMOKCETCSA B IINIOCKOCTH TakK, YTO eé I/IMHy.]'II)C 3aBHUCUT OT BpeMeHI/I 10 3aKOHy

7 8
— = t e t rg
p(t) =1 -A(—j +]- B(—j ,rne A, B —nocrosHHbIE BEIMYMHBL, |, | — €AUHUYHBIE OPTHI B JEKap-
T T

TOBOW cUCTEME KoopauHaT. HaliTh TaHreHCe ymiia MeXy OCBhIO Y M BEKTOPOM CHJIBL, IEHCTBYIOIIEH Ha
gacTuiy B MoMeHT Bpemenn t=1 ¢, ecm t1=1 ¢. 4 =2 xr-m/c, B=3 kr-m/c.
a) 0,98 6)0,88 B)0,78 1)0,68 n)0,58

2. mnynbe Tena Py M3MEHMIICS TOJ JCWCTBHEM KOPOTKOTO yaapa H

o

A\

\

Py > CTall paBHBIM [, , KAK MMOKA3aHO Ha PHCYHKE. B KakoM HampaBIicHUH

24 71 | o

> JercTBoBaja cuia?

et a)l 6)2 B3 n4

) 3. TlepneHIUKYISIPHO OTHOPOAHOMY TOHKOMY CTEPKHIO MAacChl m W
JUTMHOM [ poXonmaT ABe mapaiienbHbie ocu. OIHa TPOXOIUT yepe3

neHTp Macc crepxHa C, a apyras yepes - 9 ., TOUKy 0, JIEKAILYIO Ha

paccTosHUM X OT ero koHua 4. Bo ckonbko < X pa3 OTIIUYAIOTCS MOMEHTBI

WHEPIUH CTEPXKHS OTHOCUTENBLHO 3TUX oce? m =2 kr, /[ =3 M, x=1m

|
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a)l33 paza 06)13,3 paza B)1,33 paza 1)4,33 paza 1)5,33 paza
4. U3 xecTu BeIpe3aiy TpHU OJUHAKOBBIC ICTAIM B BUJIE IUIHIICA. J[Be AeTanu pa3pes3aiu Ha YeThIpe
OJIMHAKOBBIC YaCTH. 3aTeM BCE YaCTH OTOABHHYJIM JIPYT OT JApyra Ha OJUHAKOBOE PACCTOSIHHE U pac-
o CTaBWJIM CHMMETPUYHO OTHOCUTENBHO ocu OO' (cm. puc.). Beibepure
)N NPaBUIBHOE COOTHOIIICHHE MEXy MOMEHTAMHU WHEPIIUH 3TUX JIeTa-

= ST 0 seit otocuTensHo ocu OO,
ST T el 6 k<=l B) <<l
B : ’ ') HE XBaTaeT JaHHBIX
5. MaJieHbKU# IIapHUK IIOMECTUIIH B TOYKY C PaInyC-BEKTOPOM [ = T-A+]- B+k-C.B HEKOTOPBIN
MOMEHT Ha IIAPHK TOCHCTBOBAIN CHION F = i D+]- E+k-G. HaiiTn npoeKiuio MOMEHTa CHIIEI

Ha OCh X OTHOCHUTEJbHO Hauana koopauHar. 4, B, C, D, E u G — HeKoTopbIe MOCTOSTHHBIC; 1, |, K —

€MHUYHBIC OPTHI B ICKAPTOBOM cucteme koopauHar. 4 =2wm,B=3wm,C=4m, D=4 H,E=5H,
G=6H.

a)-2Hm 6)2HwM B)4HwM r)4Hwm n)-6Hwm
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METOAUYECKHUE YKA3AHUSA K PEHIEHUIO
TECTOB U 3AJJAY 110 TEME "KHHEMATHKA
MATEPUAJIBHOM TOUKH"

1. MaTepuanpHasi TOYKa IBUIKETCS C TIOCTOSIHHOM 10 BEJIMYUHE CKOPOCTBHIO BJIOJIb
IJIOCKOM KpuBOU. E€ MosHOE yCKOpEHHE MaKCUMAJIBHO ...

1) B Touke 1 TpackTOpUHU x
2) B TOYKE 2 TPaeKTOPHU 2

3) B Touke 3 TpaeKTOpUHU R

4) npaBUIIbHBIN OTBET OTCYTCTBYET
1

[TonHOE ycKOpeHHE MaTepHalIbHOM TOYKM PAaBHO BEKTOPHON CyMMe HOPMAaJIbHOTO U TaHI€H-
UATBHOTO YCKOpeHUH. TaHreHanbHOe YCKOPEHUE XapaKTepu3yeT ObICTPOTY U3MEHEHUS MOAYJIS
ckopoctu. [lo ycioBui0 Tecta CKOPOCTh MO BEJIWYMHE HE M3MEHSAETCS, MOITOMY TaHTEHIMATbHOE

dv
YCKOpeHue a, = E =0. 3Ha4uT B KOXKJIOW TOYKE TPACKTOPHHU IOJIHOE YCKOPEHHE PaBHO HOPMaJlb-

2
\ .
HOMY YCKOPEHHIO, KOTOpO€ OMpeAeisIioT o Gopmyne a,, = R U3 sToii hopmynsl ciaemyer, 94To npu

IIOCTOSIHHOM CKOPOCTH HOPMaJIbHOE YCKOPEHHUE TeM O0JIbIlie, YeM MEHBIIIE PayC KPUBU3HbI TPACK-
Topuu. B Touke 2 R — o0, 1 HOpManbHOE yCKOPEHUE B 3TOM TOYKE 00paIaercs B Hyllb, T.€. OJHOE
YCKOPCHHUEC B 9TOM TOUKE AOCTUTACT MUHHUMAJILHOI'O 3HAYCHU A, PAaBHOT'O HYJIIO. Kax BUHO U3 pUCYHKa
paanyc KpUBU3HBI TPAEKTOPUH B TOUKE 3 MEHbIIE, 4yeM B Touke 1. 13 3Toro cienyer, yTo HOpMaabHOE
YCKOpEHHeE (a 3HAUUT U MOJIHOE YCKOpeHue) Oy/1eT MaKCUMaJIbHbIM B TOUKE 3.

Ortser: 3

2. HauanpHast CKOpOCTb YacTUIBl V; = 2i +3] +5k , koHeuHas V, = 30+ 4] +7K . Haiitn npupanie-
HHE CKOPOCTH YacTUIlbl AV , MOJYITb TIPUPAIIEHHS CKOPOCTH |A\7| U IPUpPALEHUE MOILYJISI CKOPOCTH

Av. 3nauenust ckopocteil npuBeaens! B CH.

Jlano Pewenue
V, = 2i +3]+5k VauThIBasi, 9TO
v, = 3i +4] 7K V=V,i+V,]j+V,K, u3 Beipaxkennit
AV —? V; =2i+3]+5k u v, =3i+4j+7k
|A\7| _9 MIOJTyYaeM:
Av—? Vi =2M/e vy =3m/cv, =5M/c

Vy, =3M/cv,, =4 m/cv, =TwM/c.

Torna npupaiienrue cKopocTu OyJIeT paBHO

0= (g V) (v Yy ) (V2 K.

[ToxcTaBuB 3HAYECHUS IPOSKIUI CKOpocTed V; U V, , MOITyduM

AV=(3-2)i+(4-3)j+(7-5)k.

OxoHYaTeILHO JJI ITpUpaIIeHus: CKOPOCTH 4aCTHIBI UMECM

AV:1-7+1-]+2-R.



Mopnynb npupanieHus CKOpocTH paBeH

[AV] = JAVZ + AV +AV2 .

Tax kak AV, =V, = Vi, AVy =V, —Vyy, AV, =V, —Vy,, TO
- 2 2 2
| v| = (vx2 —vxl) +(vy2 _Vyl) +<vZz —vzl)

|AV| = \/(3— 2)2 - (4—3)2 +(7 —5)2 = V12 +12 + 22 = /6 ~ 2,449 (m/c) Jl1st u3MeHeHNs MOJTYIst CKO-

poctu OyzieM UMETh

2
y.

2

—v. —v. = |\y2 2 _ |2 2
AV =V, vl_\/vxz+vz+v22 \/vx1+vy1+vzl

AV=~9+16+49 —\/4+9+25 ~ 2,438 (m/c)
Otser: AV=1-i+1j+2-K; 2,449 wm/c; 2,438 m/c

3. Panuyc-BekTop MarepualbHOW TOYKHM H3MEHSIETCS CO BPEMEHEM IO 3aKOHY F=2t3% + j+3tk.

Haiitu 3aBUCHUMOCTH OT BPEMCHH BCKTOPOB CKOPOCTHU U YCKOPCHUA TOYKH U Mozxyneﬁ O9THUX BCJINYHH.

ano Pewenue
F=2t%+ j+3tk ‘ CpaBHUBasI BBIPOKCHHS
V_2v_2 F=xi+yj+zk n F=26%+j+3tk
ia-92a-9 ‘ IPUXOIUM K BBIBOJLY, O TOM 4TO

x=2t’,y=1,z=3t. Torna
v 29X _dy _dz_
*dt Yo dt £odt
V=V, +V, j+Vv,k=6t71+3K.

6t%; v =0; v 3.

v:\/v§+vf,+v§ =361 +9 =34 14 +1.

dv
aXZd(\j/tX :12t, ay:d—ty:0; aZ:d(;/tZ =

d=a,l+a,j+a,k=12ti. a:\/a§+a§+a§ = 144t% =12t

0.

Orger: V="6t%1 +3k; v=3-v4-t*+1; a=12ti; a=12t

4. MarepranpHas TOYKa JIBUXKETCS TaK, 4TO €€ paJnyC-BEKTOP C TEUEHUEM BPEMEHHM U3MEHSETCS 110

sakony F(t) = Ae™ i + (Bt— Ct®) j— (Dcos@t) K. B kakoit MOMEHT BpeMeHH CKOPOCTh YacTHIIbI GyieT

HarnpasiieHa 1o HopManmu K ocu y? A=5m; a=3c¢; B=18 m/c; C=1,5Mm/c*; D=4 m; ®
=2 pan/c.
/ano Pewenue
F(t) = Ae™ i + (Bt—Ct?) j—
—(Dcosmt)k

A=5m;a=3c!;B=18 m/c;
C=1,5m/c* ;D=4 w;
o =2 pan/c




9

t—? B TOT MOMEHT BpeMeHH, KOTJja CKOPOCTh YaCTHUI[bl Oy/IeT HalpaB-
JIeHa 10 HOpMaJId K OCH Y, IPOEKIIKs BEKTOpa CKOPOCTH Ha ATy OCh
Vy CTaHeT paBHOM Hy:m0. V3 BeIpaskeHuUs Ui painyc-BeKTOpa CIEeAyeT, YTO KOOpIUHATa Y CO Bpeme-

HEM U3MCHSCTCA 110 3aKOHY:

y = (Bt—Ct%) . 3nauut vy = ?j—)t/ = g(Bt Ct3) = B-3Ct%

dt
B-3Ct’=0=>t= E=2c
\/3C

S. JIBM>keHME MaTEpUAIBHOM TOUYKHU OIIUCBHIBACTCS 3aKOHOM x = t> — 9t>. B kaKkoif MOMEHT BpeMeHH

OtBeT: 2 C

t1 OT Havaja OBUXKEHUSA CKOPOCTb TOYKHU HOCTUTHET 3KCTPCMAJIBHOT'O 3HaueHHA? B kxakoil MOMEHT

BpEMEHHU tp MTOCJIe Havaia IBYKEHHSI CKOPOCTh TOYKU CTAHET PaBHOM HYIIO?

/ano Pewenue

dx d 3 2 2
=13 2 =—=— — = —
Xx=t -0t Vy at dt( ot ) 3t° —18t.

dv,
CKOpPOCTh Vx DKCTpEeMajbHa IPU =0.

dt

dv,

=6t-18, moatomy 6 t; — 18 =0mt; =3 c.

Haiiném, B kakoit MOMEHT BpeMEHH t» TIOCIIC Havasia JBUKEHUSI CKOPOCTh 0OpaTUTCS B HYJIb:
2
VX :3t2 _18t2 = 0:>t2 = 6 C.
OtBeT: t1=3c;to=6¢
6. UacTuma qBMKETCS MPSMOJIMHEIHO C YCKOPEHHEM, KOTOPOE U3MEHSIETCSl ¢ TEYCHUEM BPEMEHH T10
3aKkoHy a = Bt*. B = 0,5 m/c*. Kaxoif mmyTh mpomiia 4acTuIa 3a nepBble 3 ¢ Tociie Hadasa

JABMOKCHUS U3 COCTOSAHUSA ITOKOs?

Hano Pewienue
a = Bt? dv
A a=— = dv=a-dt. UnTerpupyem JieByI0 1 MPABYIO YaCTH MMOJYISHHOTO YPaBHEHUS:
B=0,5wm/c dt
t=3c¢c v t t
S_9 ‘ _[ dv = Iadt . YuuThIBaeM, 4TO MO YCIOBHUIO 3a1a4u mpu to =0 v, = 0. Torma v = I adt.
Vo to 0

t t
t
[ToncTaBuB BeIpakeHUE I yCKOPEHUs, OyeM UMETh V = I Bt?dt = Bjt2 dt = BE .
0 0

dS S t
V=—= dS=v-dt = de:jvdt.
dt . .

[ToncraBnsieM B MOABIHTETPAIIbHOE BBIPAKEHUE KOHKPETHBIN BHJI (DYHKIIMOHAIBHON 3aBUCHMOCTH
t3
CKOPOCTHU OT BpEMEHH V = B? U TIOJTy4YaeMm:
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t3

t t 4 4
S:jB—dtzgjﬁdt:Bt—:ﬁ
0 30

~3375
12 12 ()

3
OrBer: 3,375 M
7. CKOpOCTb YaCTHUIIbI, JBMKYIIEHCS BIOJIb OCH X, H3MEHSETCS 110 3aKOHY V = (A— Btz) i,Tme A=

5 m/c, a B=0,2 m/c’. B HayabHbI MOMEHT BpeMeHH t = () yacTuIla HAaXOAWJIACh B TOUKE Xo
= (. HaliTu myTh, NpONACHHBIN YaCTUIICH 3a MPOMEXKYTOK BPEMEHH, 10 UCTEUYEHUH KOTOPOTO OHA
BEPHETCS B UCXOJIHYIO TOUKY.
Hano Pewenue
V= ( A— Btz)T W3 BeIpaxkeHust AJ1s1 CKOPOCTH BUJIHO, UTO B HAYAJIbHBIII MOMEHT BPEMEHHU OHA OTIMYHA
OT HYJIA ¥ €€ MPOEKIUS Ha OCh X MOJOKHUTENbHA. DTO 03HAYAET, YTO YACTHUI[A HAUNHACT

A=5wm/c

B =02 m/c? JIBUTaThCs B HAIIPABJICHUH, COBIAIAIOIIEM C MOJOKUTECIBHBIM HanpaBJzeHHeM ocH X.
C TeueHUEM BpEMEHU BEIUUNHA CKOPOCTH YMEHBIIAETCA, U B HEKOTOPBIM MOMEHT Bpe-

S-? ’

MEHH tocr YACTHIIA OCTAHABIMBACTCSI, IPOMAS My Th, PABHBIM KOOPIUHATE X YaCTHUIIBI B
MOMEHT OCTAaHOBKH. B nanbHeiiieM MpoeKIusi CKOPOCTH Ha OChb X CTAHOBUTCSI OTPHULIATEIIbHOM U
YacTHLla HAYMHAET JBUTAThCSA K MCXOAHOM Touke. OYEeBHUIHO, YTO, KOIZla OHA B HEE BEPHETCS, NIPOM-
JICHHBIN 32 BCE BpeMsI IBUKEHHUS Iy Th Oy/IEeT paBeH S = 2X.

Haiinem Bpems, npoie/iiee 10 OCTAHOBKH YaCTHIIbl, YYUThIBAsl, YTO B MOMEHT OCTAHOBKHU V = 0:

A-Bt’, =0 = tOCT=\/§= /0—52=5c

dx
Tak xkak V= pra To dx = vdt. MaTerpupys, momy4ymm:

X Lo by, X . B
_([dx=_([vdt:>x= _([(A—Bt )dt = x=At|, _Et

tOCT

[ToncTraBuB npUBEAEHHBIE B YCIOBUY 33/1a4U IaHHBIE, TTOJTyYUM
0,2
X= 5-5—? .53 =16,67 M, a BeCh MPONIEHHBIN MyTh S=2x=333m

OtBet: 33,3 M

8. qaCTI/IHa ABUXKCETCA B ITOJIOKUTCIIBHOM HAIIPAaBJICHUMW OCH X TaK, 4YTO e€ CKOPOCTb MCHACTCA IO

3aKOHY V = DVX , e D=4 m'"?c"!. B HauanbHEIT MOMEHT BPEMEHH YacTHIIAa HAXOAIACh B
TOUKE Xo = 0. HaifTu ckopocTh YacTHIlBl B MOMEHT BpeMeHH t = 2 c.
/ano Pewienue

v =D+ CoracHO yCJIOBHIO 3a[a9n

D=4 m2c! _a =dA=d_v.

t=2c “odt dt

v_29 ‘ Tak Kax KOOpIMHATA 3aBHCHUT OT BpeMeHH, T.e. X = X(t) , ckopocTh MOXKHO paccMmaTpH-

Barhb Kak CIOKHYIO (GyHKIUIO V= V[X(t)] . Torga

d dvdx d dx
a= aV[X(t)] =&E=&(D'\/;)E .
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X
qu/ITI:IBaSI yr0 — =V, =V . II0OJYUYUM;.
, , IOy
dt *

D D 2
a=V—== D\/X T = —. BI/II[I/IM, qTo yCKopeHHe oT BpeMeHI/I HE€ 3aBUCHT, TO €CTh IBUXKCHUC

2% 2

YACTHUIIBI SIBJISICTCS PABHOYCKOPEHHBIM, IOATOMY
V=V, +at.
Tax Kak 1pu t = 0 X = Xo = 0, 13 BbIpaeHus 11s ckopoctu V= DX crenyer, uto v, = v(x, =0)=0

. Torna
2
v=""1
2

[ToncTaBUB UCXOIHBIC JAHHBIC, TOJIYIHM, 9TO V = 16 M/C
Ortsert: 16 M/c

9. JIBe yacTuIlbl B MOMEHT t = () OTHOBPEMECHHO HAYMHAIOT BUTATHCS TAKUM 00Pa30M, YTO MX PaJIiycC-
BEKTOPHI M3MEHSIOTCS MO 3aKkoHam: T, =3t%i, T, = (50—5t)i. Haiitu pamiyc-Bektop Ty TOUKH
BCTPEYH YACTHII U CKOPOCTH V; U V, 4YacTHIl B MOMEHT {, WX BCTpedn. Bce BelMMUMHbBI H3MEpPEHbI B

equaunax cucremsl CH.

/ano Pewienue
| =3t% B moment Betpeun Ty (t,) =7, (t,). Toraa
f, =(50-5t)i 3t2 =50-5t, mm 3t>+5t, —50=0
T2 V. — 544/ 5+
h—?V, —? th _ 5++/25+600 _ 5+25 = =333 ¢
\72 _? " 6 6 - ~ -
T, =3t21 =3-11,09-i =33,27-1 (m).
dr

v (t)=- 6t,i

v, =19,98-i (m/c)

_dF, _

Vo = =51 (wo)

Otger: F,=33,27-1 (m); V; =19,98-i (m/c); V, =51 (m/c)
10. /IBe yacTULIBI ABUKYTCS C IOCTOSIHHBIMU CKOPOCTSIMHU vi =2 M/c 1 v2 =5 M/c 1o 1ByM

B3aMMHO NEPHEHANKYISPHBIM MPSMbBIM K TOUKe uX nepeceyeHus: O. B HauanbHBIN MOMEHT BpeMEHU
to = 0 yacTuubl HaxoaUIUCh Ha paccTosHusX €1 = 30 M u 2 = 60 M oT Touku O. Uepes kakoe Bpemst
MoCJIe Havyaia JIBMXKEHUS paCCTOSTHUE MEX/y YaCTHI[AMU CTAaHET HAaUMEHbIIUM?

/ano Pewenue
vi=2M/c
v2=5wMm/c Tak kak €x = 01— Vit, a Ly = €2 — Vat, TO paccTOssHUE MEXITY
to=0 TOYKaMH OIpeesaeTcs u3 BBIPAXKCHUS
61=30m
£ =60 M
t—?
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2 2
(= /(Zi + ﬁi = \/(571 - vlt) + ([ ) — vzt) . Paccrosinme { MUHMMAIILHO B TOT MOMEHT BPEMEHH, KOI/a

d/

— = 0. Haxoaum npou3BOHYIO ¥ IPUPABHUBAEM €€ K HYIIIO:

dt
dr _2(6-vit)- () +2(6 V) (V) _ o
dt 24(6y vt + (£~ v,t)’

2(Ly=vit)-(=vy) +2(L, = V,t)-(-v,) =0

t-(vf +v§) = (v + 0,V

(Ve +LoVy t_30-2+60-5

5 ~12,41¢
Vi +V5 4+ 25

t=

OtBer: 12,41 ¢
11. Cuapsn BbLIETaET U3 OPYAUS MO YITIOM 0 = 45° K TOpU30HTY C Ha4allbHOM CKOPOCThIO Vo = 500
Mm/c. Uepes t = 20 ¢ mocye Havana IBUKEHUS, IpeHeOperas CONPOTUBICHUEM BO3lyXa, HAUTHU: a) MO-
1yJdb CKOPOCTH CHapsza; 0) yroi, KOTOPBIA COCTABISET BEKTOP CKOPOCTU V € OCBIO X; B) MOAYJIU
HOPMAJIbHOTO M TaHTE€HIMAJIBLHOTO YCKOPEHHM CHapsija; B) paauyc KPUBU3HBI TPACKTOPUHU B TOUKE,

COOTBETCTBYIOLIECH 3aJaHHOMY MOMEHTY BpEMEHH.

Hano Pewenue
oo = 45°
Vo =500 m/c
t=20c
v—2a-?R-7?
an—?a;—?

g
Puc.1. Yactuia HaxoguTCs Ha HUCXOMAIIEM Y4aCTKE TPACKTOPHUUN

Teno B rpaBUTALIMOHHOM I10JI€ 3€MJIU IBHKETCS C MOJHBIM YCKOPEHUEM, PAaBHBIM YCKOPEHHIO
cBoOOHOTO Majienus J . [IpoeKIus MOIHOTO YCKOPEHH S Ha TOPU3OHTAIBHYIO OCh X paBHA HYIIIO, IO~
9TOMY BJI0JIb 3TOM OCH TEJIO IBUKETCS € MOCTOSHHOM CKOPOCTBIO Vx = V' COS Olo. B10JIB OCH Y, HanpaB-
JICHHOH BEPTUKAJIBLHO BBEPX, TEJIO JIBUXKETCS] pABHOIIEPEMEHHO CO CKOPOCTBIO Vy = Vo'Sin oo — gt.

ITonHast CKOPOCTH TeNA B 33TaHHBI MOMEHT BPEMEHHU t paBHA V = , ’V>2< + Vf, . IlloncraBuB BBI-

PaXCHUA OJId Vx U Vy, 6y,Z[CM HUMCTh:

v:\/(v0 cos%)2 +(Vv,sin oco)z —2(v,sin, a)gt+(gt)2 .

VunteiBas, 4o COS° o, +Sin o, =1, momyumm:

V= \/vg —2(V,sin o, )gt+(gt)’

V:\/25.1()4_2-5oo-g-10-20+(10-20)2 z385,5(M] .
C
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Puc.2. Yactuiia HaxoquTces: Ha BOCXOAAIIEM YYacTKE TPAeKTOPUHU

Haiiném yron o Mexay BEKTOPOM CKOPOCTH U OChi0 X. Kak BuHO U3 pUCYHKOB | 1 2
Vy _ VgSina, —gt
V,  V,COSa,

tga=

V2

500-——-10-20

2

500-——
2

tgo = ~0,43 = a=2373°

HopmanbHOe ¥ TaHTeHIIMAILHOE YCKOPEHHSI MOYKHO OIIPEIEIIUTh IByMsl CIIOCOOAMH.
Cnoco0 1.

TaHTreHIMaIbHOE YCKOPEHUE XapaKTepHU3yeT ObICTPOTY U3MEHEHUsSI MOIYJIS (BEITMYMHBI) CKO-
pOCTH, TO3TOMY

_dv 2¢°t-2g(vesina) g(gt—v,sin a,)

dt 2\/v(2) —2(vysin a)gt+(gt)” \/vé —2(V,sin a, gt +(gt )’ |
2

T

10-{ 10-20-500-
4 = ~—3,98 —j.

‘ N

\/25.104 —2-500-7-10.20+(10-20)2

Buax MUHYC 6 6blpAdICEeHUU 07 al. ozHavaem, 4mo dacmuya HAxXo0umcsi Ha GOCXO()ﬂu/;eM

yuacmke mpaekmopuu. JleiicmeumenbHo, Ha HUCX00sujeM YUaCmKe mpaekmopuu CKOpoChs pacment
U MAH2EHYUATIbHOE YCKOPEHUE OO0NIHCHO DbIMb NON0NCUMENbHbIM (puc. 1), a Ha 8ocxo0suem yuacmke
CKOPOCMb YaACMUYbl YMEHbUAEMCS U MAHCEHYUATbHOE YCKOPEHUe OMpUuyamensHo (puc. 2).
Yoeoumcsa 6 mom, umo uepes 20 cekyHO nocie Hawana OBUNCEHUSI YACMUYA HAXOOUMCS HA
gocxoosauemM yuacmie mpaexkmopuu. Bpems, HeoOXooumoe 015 00CMUdiCeHUs: Hausblcuel mouKu
mpaexmopuu, onpeoensieM U3 yCio8usi PA6eHCMed HYIo 8 MO MoyKe NPOeKYUU CKOpoCmu vy:

Vv, sina,

Vy:VO'Sin (Xofgtmax:() = tmax = ~ 35,4 C.

Ilo ycnosuto 3a0auu t = 20 ¢ < tmax. IMO 03HAUGAEM, YMO YACMUYA 8 DMOM MOMEHM 8PEMEHU HAXO-
OuUmCcs Ha 80CX00AUeM YuacmKe mpaeKmopuu.
Monyss a. pasen 3,98 m/c?.

/ 2, .2 / 2 _ .2
Tak kak monHoe yckopenue g =.4/a; +a, , 1o a, =4/0° —a; WK, IOACTABUB BBIPAKECHHUE VI A,

OyleM UMeTh:
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V292 +g*% —2(Vosin a, ) g3t —g*t2 + g2 - 20t (Vo sin o )~ g% (Vesin a, )’

a. = [Tocne mpeobpazoBanwmii 1O-
" V2 —2(Vysin o, )gt+(gt)’
JTyYHM:
. g(V,cos ay)
N = )
\/vg —2(v,sin o, )gt+(gt)”
10-500-£ y
a, = 5 2 zg,z(c—zj.

\/25-104 ~2:500- % 10-20+(10-20)°

Crocob 2.

13 os106us TpeyroNbHuKa, 00pa3oBAHHOTO CKOPOCThIO V 1 e€ KoMnoHeHTamu Vy, 1 Vy , Tpe-
YTOJIbHUKY, COCTABIICHHOMY TTOJHBIM YCKOPEHHEM § W €ro TaHTCHIMAIbHOW &8, W HOPMAaJbHOM &,

KOMITOHEHTaMH (CM. pHC. 1 1 2), CIIE/IYET, YTO CBA3b MMy MOLY/IAMHU BEKTOPOB V, V,, 3, U g UMEET
an

BUIL Vx = — . Torma a,, = g(Vo = %) ’
v g IV2=2(v,sin ag)gt-+(gt)°

3 HO,Z[O6I/I$I PaCCMOTPCHHBIX BBIIIC TPEYTI'OJIBHUKOB CICAYCT, UTO CBA3b MCKAY MOAYJISIMH

Vy a
—Y = =% 13 5T0T0 BEIpa)KEHHS MOKEM HANTH

BEKTOPOB V, Vy, 8, M g OTPEJIENSETCA COOTHOUIEHHEM
v g
MOJYJb 4. :
Vg (Vosina, —gt)g
. .
. 2
v \/vg —2(V,sin a, )gt+(gt)

s HaxoKaeHus paanyca KpUBU3HBI TPAEKTOPUH B TOUKE, B KOTOPOM 4acTUIIa 0OKa3aJ1ach 4ye-

2
\'%
pes3 20 ¢ mocIe Havana ABUKCHUS, BOCIIOJIB3YCMCA BBIPAKCHUCM an = K . OTKy,Ha nojry4acm, 4To

%

R—V2 ) V3 _(v§—2(vosin ao)gt+(gt)2)
Ta, g(Vocosa,) 9(v,cos a,)

[ToncraBuB uKceHHBIE 3HAYEHUS, OyZIeM UMETh, 4T0 R = 16,2 kM.

OtBer: v = 385,5 M/c, o =23,3°, an = 9,2 m/c?,
ar = 3,98 m/c?, R =16,2 km

12. CxopocTh 4acTUIbl, HAUaBUIEW IBMKEHHE W3 Hadajga KOOPAMHAT, U3MEHSAETCS CO BPEMEHEM II0
_ s 2= o
3akony V = (A—Bt)i +Ct”). Haiitu skcTpeManbHOe 3HAY€HHE KOOPAUHATHI X = X| U COOTBETCTBYIO-

I0yI0 X1 KOOPAHHATY Y1, ECIH A=6wm/c; B=2wm/c%;aC=3wm/c.
Hano Pewenue
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vV =(A—Bt)i +Ct?j| Koopaumara X npuHMMAaeT SKCTpeMaNbHOE 3HAYEHHUE B TOT MOMEHT BPEMEHH {1, KO-
dx dx

X|_o=%o =0 T IPOH3BONHA - = 0. Tak kak = Ve 1o Vy (t;)=0. Ipoekmuio ckopocTH

y|t:o =Yo=0 YaCTHULIBI HA OCh X HAWJEM, CDABHUB BBIPAKEHUS

A=6m/c V=V, +V,j uV=(A-Bt)i+Ct’].

B =2 wm/c? A

C=3wm/ Buanwm, uro vV ,=A—Bt. JIng momenTa Bpemenu t| umeem A—Bt, =0=t; = B

-9
Xp =+ [MoncrasuB 3HaueHuss A U B, momy4uM, 4To KoOpJHHaTa X MPUMET IKCTPEMATIbHOE
y1—7? 3Hauenue mpu t; =3c.

Haiiném BbIpaskeHus 711 BpEMEHHBIX 3aBUCUMOCTEH KOOPJIUHAT X U Y.

T dx _ dx=v. dt. U1
aK Kak a =V, , TO =V, dl. VIHTeTpupYys JEBYIO M MPaByl0 YaCTH 3TOr0 YpaBHEHUS, MOIYyINM

X t
I dx = I v, dt
X,=0 t,=0
[ToncraBuB BeIpakeHue Ui V, , OyneM uMeTh

t
x= [ (A—Bt)dt = At— >t2,
-0 2

YuuteiBas, 4To X = X1 OpH t= t|, HOJIYYUM, YTO

ITo m3BeCTHRIM 3HAYCHUSIM A, Bn tl BBIYUCIIACM SKCTPEMAJIBHOC 3HAYCHNEC KOOPAWHATEI X, KOTOPOC

OKa3bIBaeTCsA PaBHBIM X; =9 M.

T 9 _y o dy=v.dt. U
aK KAk~ =Vy, TO Y =V, 0t. MuTerpupys neByto u MPaByro YacTh STOTO yPABHEHHS, TIOTYIUM

y t
j dy = _[ vydt
y,=0 t,=0

0

CpaBHUB BBIPaXEHHS V =V, 1 +Vyj u V=(A-BY)i +Ct?] mpuxomM K BBIBOLY O TOM, 4TO
2
v, =Ct",
IMoncTaBuB BbIpaKeHHe VTSt Vy, B MOBIHTETPANbHOE BRIPAKEHHUE, Oy/IEM NMETh
t
C
y= | Cctdt=2t
t,=0 3
C.s

VuuThIBas, 4TO Y = y| IIpH t= t1, OyJeM UMETh Y, = 3 t;. IMoncrasus 3uavenust C u t;, MOIy4nMm, 9To

OtBer: X, =9 ™M; y; =27 ™

13. MarepuanbHasi ToUKa JBUKETCS TaK, 4TO €€ paJiyCc-BeKTOp U3MEHSIETCS C TEUEHUEM BPEMEHH 10
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= e 4= .
3aKOHY I = At%i —Bt J . HaliTu yron mMex 1y BEKTOpaMu CKOPOCTH U YCKOPEHHSI B MOMEHT BPEMEHHU

t=2c, ecim A =10 m/c, a B =4 m/c’.

Hano Pewenue
F= At — Bt4] PaccmoTpum 1Ba crioco0a pemieHust STou 3a1a4u.
t=2c Cnocob 1.
A =10 m/c CxkansipHO€ MPOU3BE/IEHUE BEKTOPOB CKOPOCTH V U YCKOPEHHUs d PaBHO:
B =4 wm/c? (\7,5) = |\7| . |§| -COS QL , IJI€ 0L — YTOJ MEXIY BEKTOPAMH CKOPOCTH U YCKOPECHUS. Y Uu-
o-—?
- =\ ol 2 2 = _ 2 2 6
ThbIBas, 4TO (v,a) =V,a, +vyay R V| =4/Vy +Vy " |a| =4/Ay +ay , 11 COSaL. Oynem
HUMETh:
Vyay +V,a, Vyay +V,8, .
Cosa = > > > > —> 0L =arccos > > > > Haiiném npoekuum CKOpOCTH U yCKO-
\/vx+vy-\/ax+ay \/vx+vy-\/ax+ay

PEHHs Ha KOOPMHATHBIE OCH X U Y. CpaBHUBas BHIpOKEHHS [ = Xi + y] u ¥ =At’i —Bt* ] , IpuXOaAUM

K BBIBOJY O TOM, 4TO X = At3; y= —Bt*. Torma
_dy_d

VX:d_X:iAtg’:SAtZ; v, === =-—Bt' =Bt}
dt dt dt  dt
dv
dt dt dt dt

IToncraBus BBIPpAKCHUS JJIA HpOGKLII/Iﬁ CKOPOCTU U YCKOPCHUA, 6y,[[eM HNUMCTb

3At2 . 6AL + (—4Bt3)(—128t2)
oL =alCCos =
JOAZt* +16B2t° - 36A2t2 +144B2t
3A? +8B%t?

 Joa? +16B%2 A2 1 4B%2

3Has 3HaueHus A, B ¥ t, OKOHUATEIILHO MOTy4YrM, 9To oL ~ 11, 2°.

[Tpeumy1iecTBO 3TOro crocoda peueHus 3aKII0YaeTcsl B TOM, 4TO OH JIETKO 00o0IIaercs Ha
TPEXMEPHBIN CIydai, KOI/a TEJIO0 JBUKETCS HE B INIOCKOCTH, a B IPOCTPAHCTBE:
Vyay +Vya, +V,a,

0L = AreCos - ————
\/vx+vy+vz~\/ax+ay+az

Cooco0 2.

Haxonum Tak, KaKk 3T0 I0Ka3aHO BBIIIE, IPOCKIUN HA KOOPAWHATHEIC OCH CKOpOCTH V,,Vy U

yCKOpeHust @y, . OnpezensieM yroa o, KOTOPbI 00pa3yeT BEKTOP CKOPOCTH € OXHOM W3 KOOP/H-

HaTHBIX OCCI>'I, Harpumep, € OCbIO X:

v Y 4Bt° 4Bt
tgo, = —L = o, =arctg—L =arctg| — =arctg| —— |.
Jo=y T TRy g( 3At2J g( 3Aj

X X
IToncraBuB 3Hauenus A, B u t, mony4umM, 4To oy ~ —46,8°.
AHAJIOTUYHO OTIpeeNIieM yroi O, , KOTOPBIH 00pa3yeT BEKTOp YCKOPEHHsI C TOH K€ KOOPAMHATHOM

OCBIO, YTO U B CIIy4Yae C BEKTOPOM CKOPOCTH (T.€. C OCBIO X):



a a 12Bt? 2Bt
tgo, =L = o, =arctg—L = arctg| -=——— |=arctg| —— |.
got, == a1, =arctg— 9| ~oas g( Aj

X X
BhIUKCIIEHHs. TTOKA3BIBAIOT, YTO oL, ~ —58°. Vrom mexay Bektopamu V u @ Oymer Torma paseH
o =|o, —oy|~11,2°.

Pemenue 3a1aun CyniecTBEHHO yNpOIIAETCs, €CJIM OJJHA U3 POEKIUI YCKOPEHUS Ha KOOPIU-
HaTHbIE OCH paBHa Hymo. [lycTh, HarIpuMep, paBHA HYJIIO IPOEKIMs YCKOPEHHS Ha OCh X. DTO O3Ha-
YaeT, 4TO IOJIHOE YCKOPEHHE HAIPABIEHO BAOJIb OCH Y. Torna yron Mexay BEKTOpaMH CKOPOCTH U
YCKOPEHHUSI PaBEH YTy, KOTOPBIA COCTABIISIET BEKTOP CKOPOCTH C MOJIOKHUTENbHBIM (TIpH ay > () wiun
C OTpHLIATENbHBIM (TIpH ay < () HaIIPaBIEHUEM OCH Y.

Ortser: 11,2°
METOAUYECKUE YKA3ZAHUSA K PELLHEHUTIO
TECTOB U 3AJIAY 11O TEME
"KUHEMATHUKA JIBUKEHUS TBEPJOI'O TEJIA™

1. /Tuck BpaiaeTcsi BOKpYT BEpTUKAJIbHONW OCH PABHOYCKOPEHHO ITPOTUB YaCOBOW CTPEIKU. YKaKUTE
HaIpPaBJIEHUE BEKTOPA YIIIOBOTO YCKOPEHHSI.
a)l 06)2 B3 rn4
Hampasnenue BekTopa yrioBoi CKOPOCTH CBSA3aHO C HAIIPABJICHUEM Bpallie-
HUs IIPABUJIOM IIPABOrO BUHTA, ITIO3TOMY IIPH BPALICHUU JTMCKA IIPOTUB 4aCO-
BOH CTPEJIKM HAIIPABJIEHUE BEKTOPA YINIOBOW CKOPOCTH COBIIAJAET C HAIPAB-
nenueMm 3. IIpu yCKOpEHHOM ABM)KEHHH, BEKTOP YIJIOBOTO YCKOPEHUS COBIIA-
JIaeT [0 HAIMPAaBJICHUIO C BEKTOPOM YIJIOBOM CKOPOCTH M TaK)K€ OPUEHTUPOBAH B HAIPABJICHUH 3.
OTserT: B

Ommemum, umo eciu Ovl 8pawyerue Obl10 3aMeONIeHHbIM, 8eKMOPbL Y210601 CKOPOCMU U Y2TI08020
YcKopeHus ObLIUu Obl NPOMUBONOTIONHCHDL.
2. Touka M nBUXETCS MO OKPYKHOCTHU € ITOCTOSSHHBIM TaHT€HIIMAJIbHBIM YCKopeHueM. Ecinu npoek-

115l TAHTEHIIMAJILHOTO YCKOPEHUS Ha HAaIllpaBJIEHUE CKOPOCTH MOJIOKUTENbHA, TO BEJIMYMHA HOPMaJlb-
HOTO YCKOPEHHH ...
1) yBenuumuBaeTrcsi  2) yMeHbIIaeTcs

3) He u3meHsieTcsl  4) MPaBUIIbHBIA OTBET OTCYTCTBYET
V2
HopmanbsHoe yckopeHHe onpeesstor o ¢popmyne a, = R ITpu 1BUKEHUM 110 OKPY’KHOCTH pa-

anyc R = const. Ecniu mpoexiust TaHTeHIIMAaIsHOTO YCKOPEHUS Ha HAMPaBIEHUE CKOPOCTU MOT0XKH-
TeJIbHA, TO CKOPOCTh BO3PACTAET M0 Benu4HnHE. [[pUXonuM K BBIBOLY, UTO C TEYCHHEM BPEMEHH BEJIH-
YHHA HOPMaJbHOTO YCKOPEHUS yBEIIUYMBACTCS.

OrtserT: 1

3. MarepuanbHas To4ka M JIBHKETCS IO OKPY>KHOCTH €O CKOpocThio V. Ha puc.1 mokasan rpaduk

3aBHCHMOCTH V; OT BPEMEHH (T — €IHHUYHBINA BEKTOP MOJIOKUTEIBHOTO HANPABJICHNUs, V., — IIPOEK-

st V Ha 310 Harpasienue). Ha puc.2 ykakute HampaBlICHHE YCKOPEHUsI TOYKH M B MOMEHT Bpe-

MCHU t1.
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M <
Vrll 1
(.
. —
Pric. 1 a)4 6)3 BI1 1)2

[ToNIHOE YCKOPEHHE MPENCTABMM KaK CyMMY TAHIEHIMAJIBHOTO d, W HOPMAILHOTO &, yCKOpe-
HU: a=a_+a,.

2
\'%
Bennunna HOpMasIbHOTO yCKOpEeHHUs onpeensercs o gpopmyne a, = — . U3 puc. 1 cienyer, 4ro

B MOMEHT BPEMEHHU 1; CKOpPOCTh HE paBHA HYIIIO, @ U3 PUC. 2 BUIUM, YTO PalyC KPUBU3HbBI TPAEKTO-
PUHU UMEET MOCTOSHHOE KOHEYHOE 3HAaUeHUe. DTO 03HAYAET, YTO BETUYMHA HOPMAJIbHOIO YCKOPEHHUS
OTIIM4YHA OT HyJs1. HopManbHOE yCKOpEeHHE BCEria HallpaBjIeHo 10 PAJARYCy K LIEHTPY OKPYKHOCTH,
T.€. €r0 HallPaBJICHUE COBIA/IAET C HAIIPaBJICHUEM 3.

CKOPOCTb JBMIKEHHSI MATEPHAILHON TOYKU M paBHa V = V- T, T.e. BEKTOpP CKOPOCTH OPUEHTUPO-

. dv
BaH B HampasiieHuu 1. U3 puc. 1 cienyer, 4To B MOMEHT BpeMeHH t; ckopocTb pacTéT (E >0),

- V.
3HAYUT TAHTCHIUAJIIBHOC YCKOPCHHUEC ar = ET OTIIMYHO OT HYJIA M HAIIPAaBJICHO TaK K€ KaK U CKO-

POCTh B HampaBJeHuu 1.
OmnpenenseM HarpaBiIeHHUE MOJIHOTO YCKOPEHMSI B 3aJaHHbII MOMEHT BPEMEHH 10 NPaBUIIy Mapai-

JeorpamMma:

Buaum, 4To MoiaHOE yCKOpEHHE B MOMEHT BPEMEHH {; HAIpaBIE€HO B HAIPABIICHUH 2.
Otger: T
dv

Ommemum, umo 6 momenm epemenu t, ckopocms ymenvuwaemcs ( pm <0), u maneenyuanvroe
YCKOpeHue omau4yHo Om HYIs U RPOMUEONOoN0*CHO Hanpaesienuio ckopocmu. B amom ciyuae noanoe

dv
YCcKOpeHue HanpaeieHo 6 Hanpasnenuu 4. B momenm epemenu t; cxopocms nocmosnna ( m =0),
NO3MOMY MAH2EHYUAIbHOE YCKOPEHUEe PAGHO HYI0 U HANPABLEHUE NOTHO20 YCKOPEHUs CO8naoaem ¢

HanpaeleHuem YyeHmpocmpemunmeilbhoco YCKOPeHUA, nm.e. C HanpaejleHuem 3.

4. MarepuasibHasi TOUYKa JABUKETCA MO OKPYKHOCTU paanycoM R = 0,2 M ¢ NOCTOSIHHBIM YIJIOBBIM
yckopenueM € = 1,5 paa/c?. Onpenenuts yepes t = 0,5 ¢ mociae Hayana eé ABMKEHHS U3 COCTOSHHS
TIOKOS: @) TIOJTHOE YCKOpPEHHe a; 0) HOPMAIbHOE YCKOPEHHUE an; B) TAHTCHIIMAIBHOE YCKOPEHHE ar; T)
YIJIOBYIO CKOPOCTh ®; 1) TMHEHHYIO CKOPOCTH V.
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Hano Pewenue
®,=0 YCTaHOBUM CBSI3b MEX]y YITIOBOW CKOPOCTHIO U YIIIOBBIM YCKOPEHHUEM IIPH JBU-
R=02wm KCHUH MaTePUATBHON TOUKH MO0 OKPYKHOCTH C MIOCTOSHHBIM yTJIOBBIM YCKOPEHHUEM.
2

_ 2 do
e =15 pan/c g=— = do=gdt.
t=0,5c¢ dt
a—2ag—? HuTerpupyem npaByro U JIEBYIO YaCTH yPaBHEHUS:
R < L
V9 I do=¢ I dt.

=0 t,=0

OTMeTuM, 4TO YyIIIOBOE YCKOPEHUE € BBIHECEHO 3a 3HAK MHTErpajla Kak MOCTOSHHAs BEJIMYMHA.
oy = et|g = o-0=¢g(t—0),Te. 0 =¢t.

Torma o = 1,5-0,5 = 0,75 (pan/c).

JIuHeiiHas CKOPOCTh V CBsSI3aHA C YINIOBOM CKOPOCTBIO BhIpaxkeHHeM vV =® R = ¢ t R, moatomy v =
1,5-0,5-0,2 = 0,15 (m/c).

HopmanbHoe (IeHTpOoCTpeMUTENbHOE) YCKOPEHUE PABHO:

an=0’R=€t*Rua,=1,5>0,5%0,2=0,1125~ 0,11 (m/c?).

CBs13b TAHTE€HIIMATILHOTO M YIJIOBOTO YCKOPEHUM OMUCHIBACTCS CICIYIONIMM BBIPAXKEHHEM

a: = ¢ R, mostomy ar = 1,5-0,2 = 0,3 (m/c?)

Haiiném nonnoe yckopeHrne MaTeprualbHOW TOUKH:

a=\/af +a% =e?R2 + *t*R? = eRW/1+£2t*

a=15-0,2-y1+1,5%-0,5" ~0,32 (m/c?)

o = 0,75 pan/c; v=0,15m/c
5. MarepuanpHas TOUKa JBUKETCS MO OKPYKHOCTH, paauyc KOoTopoi paBeH R = 3 M. B HekoTophIit

Otset: a = 0,32 M/c?; a, = 0,11 m/c?; a. = 0,3 m/c?;

MOMEHT BpeMeHH HOPMaJbHOE YCKOPEHHE TOUKH JOCTUTaeT 3HAYeHHs an = 12 M/c?, a yrom Mexmy
BEKTOpaMU MOJHOTO U HOPMAJIBHOTO YCKOPEHUM cTaHOBHUTCS paBHbIM o = 30°. Haiitu Momynu cko-
POCTH ¥ TAaHTEHIIMAJIIBHOTO YCKOPEHUSI TOYKHU JIJIsl ITOTO MOMEHTA BPEMEHH.

Hano Pewienue

R=3wm N3BECTHO, UTO HOPMAJIBHOE YCKOPEHUE CBSI3aHO C JIMHEUHOW CKOPOCTHIO CIIETYIOIINM

an= 12 M/c? | BBIpakeHHEM
a=30°

2
a, :V?' Torma V =./a,R u v=+12-3=6 wc.

B paccmarpuBaeMblii MOMEHT BPEMEHM MaTepuajbHas TOYKAa OKa3alach B HEKOTOPOW TOYKE

OKpY>XHOCTHU. TaHTeHIIMaIbHOE YCKOPEHHE HAIPaBJICHO 0 KacaTeJIbHOM K OKpPY>KHO- a
o o T
CTH B 3TOM TOUKE, a IEHTPOCTPEMUTENILHOE YCKOPEHUE — 10 HOPMAJIU K HEl, KaK 3TO
MOKa3aHo Ha pUCYHKe. [Ipr 3TOM yros MeXy BEKTOpaMH TOJHOTO @ M IEHTpocTpe- 4 ~ 3
1l

MHTEIBHOTO 8, YCKOPEHHIl COINIacHO YCIOBHIO 3amadu paBeH 30°. M3 pucyHka

BHUJHO, YTO a: = an'tg o, IODTOMY
V3 2
a. 212-?z6,93(M/C ).

OtBer: v = 6 M/c; a: = 6,93 m/c?
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6. Teépoe Teno BpamaeTcs BOKPYT HETOIBIKHON OCH IO 3aKoHY (@ = At — Bt®. Haiitn cpenHee

3HAYEHHE YTIIOBOM CKOPOCTH 3a MPOMEKYTOK BpeMeHH OT t; = 0 10 OCTaHOBKH TeJa, el A = 6

pan/c, a B =0,89 paz[/c3.

ano
p=At-Bt®
A =6 pan/c

B=10,89 paz[/c3

(@) =2

Pewenue
Cpennee 3HaYeHHUE YITIOBOM CKOPOCTH PaBHO

<m>=%= (P(ti):ftp(tl) .
2 1

W3 BeIpakeHHs O BPEMEHHOW 3aBUCHMOCTH YIJla MOBOPOTA BHJIHO, YTO
o(t)=0.

Haitném MoMeHT BpemeHH tz, B KOTOPBIM TE€JIO OCTAHOBHIOCH. {7151 3TOrO yuTém,

YTO B 3TOT MOMEHT BPEMEHU YIVIOBas CKOPOCTh T€JIa CTAHOBUTCS paBHOM Hymto. Toraa

m=d—(p=E(At—Bt3)=A—BBt2.
dt  dt

A—SBt§=O:>t2=,/3A.

A /A_ Tl /A
(©)= e(t)—o(t) _~ V3B ~3BYV3B _2A
t, A 3

s

[ToncTaBuB A = 6 pan/c, momydyum <co> =4 pan/c.

Otser: 4 pan/c

7. Koneco paanycom R =20 cm Bpaiiiaercsi BOKpYT HEMOJABUKHON OCH, IEPIEHIUKYIISIPHOM €ro MIoc-

KOCTH U HpOXOI[S[HIGﬁ Ucpe3 €ro nCHTp TakK, 4YTO 3aBUCHUMOCTH YIJIa IIOBOPOTA pagnuyca KoJ€Ca OT

BpeMeHH 3a/1aéTcs ypaBHeHneM ¢ = A +Bt+ Ct%, rie A = 2 pan, B = 4 pan/c, C = 0,1 pan/c’. Omnpe-

JIeNIuTe AJI TOYEeK Ha 000/1e Kojleca HOPMaJIbHOE YCKOPEHHUE an B MOMEHT BPEMEHHU t = 2 C ¥ TaHI€H-

MUAJIIBHOC YCKOPCHUEC ar IJIA 9TOTO K€ MOMCHTA BPEMCHU.

Hano
R=02wm
¢ =A+ Bt+Ct’
A=2pan
B =4 pan/c
C=0,1 paxy/ ¢
t=2c
an—7?a;—"?

Pewenue
Haiiném BpeMeHHY0 3aBUCHMOCTb YITIOBOM CKOPOCTH KOJIECa:
d
®=—=B+3Ct?.
dt

y‘-II/ITBIBaeM, qTo dn = OJZR. 3Has BBIPpAXKCHUC IS

2
YIJIOBOM CKOPOCTH, Oyznem uMeTsh a, = (B + 3Ct2) R.

HO}ICTaBI/IB YW CJICHHBIC 3HAYCHUA, ITOJTYyUUM

an= (4+3-0,1-4)70,2 5,41 (w/c?).

Haiiném BpeMeHHYI0 3aBUCHMOCTb YITIOBOTO YCKOPEHHS:

s=d—w=6Ct.
dt

Torna a. = eR = 6CtR = 6-0,1-2-0,2 = 0,24 (m/c?).

OtBeT: an = 5,41 m/c%; a. = 0,24 m/c?
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8. HopManibHOE YCKOpEHME YaCTHIIbI, ABUKYIIEHCS MO OKPYKHOCTH paauycoM R =2 M, usmensercs
10 3aK0oHY an = At*, rie A = 8 m/c®. Haiitu: a) myTs, nIpoiiieHHbII yacTuIel 3a T = 3 ¢ mocje Hauasa

JABHXCHUSA, 6) TAaHI'CHOHUAJIBHOEC U ITOJIHOC YCKOPCHH B KOHIIC 3TOI'0 y4acTKa ITyTH.

ano Pewenue
R=2wm Moyib CKOPOCTH — 3TO IIPOU3BOIHASA OT POUACHHOIO ITyTH 110 BPEMEHH, II09TOMY
an = At* ds
6 V=— = dS=v-dt

A=8wm/c dt
t=3cC Otkyna nosnydaeMm
S-7? S T T
W9 [ ds= [ vdt;s=]vdt.

S,=0 1,=0 0
ar—?

BI/I,Z[I/IM, YTO I HaAXOXIACHUA HpOﬁI[CHHOI‘O IIyTn HCO6XOI[I/IMO 3HaTb, KaK CKOPOCTb
3aBUCUT OT BPCMCHHM. BpeMeHHon 3aBUCUMOCTDb CKOPOCTHU MOXKXHO HaﬁTH, 3Has, KaK 3aBUCHT OT BpC-

MCHH HOpMAJIbHOC YCKOPCHHC. HeﬁCTBHTeHLHO,
2

an:"E = v=.a,R =VARt' =t?JAR.

HOI{CTaBI/IM BBIPAKCHUC IOJId CKOPOCTHU B MHTEIpal, OHpGIIGJI?IIOHIHfI IMyTb, U IIOJTYyYUM!

T T 3
S= j\/Athdt - \/ARJ.tZdt - JAR %
0 0

3
OKOHYATENILHO JUIS TIPOMIEHHOTO yTH OyJeM UMETh: S =+/8-2 % =36 (Mm).

TaHreHuanbHOE YCKOPCHHUEC XapaKTCPU3yCT CKOPOCTb U3MCHCHUA MOAYJISI CKOPOCTHU, ITIOOTOMY

af:?j_\t/:%(tz AR):Zt\/ﬁ;

a,=2-3V8-2 =24 (w/c?).
3Has TAHICHOHUAJIBHOC 1 HOPMAJIbHOC YCKOPCHUA IS ITOJIHOTO YCKOPCHU A 6y,ueM HUMECTHb

a=fa2+a2 = J4t2AR + A%t

Bbrurcius, nonyunm a = 648,4 (M/ 02) .

OtBer: S =36 M; a = 648,4 m/c?; a; = 24 m/c?

9. Touka IBMKETCS TI0 OKPY>KHOCTH TaK, YTO 3aBUCUMOCTH MPOMJICHHOTO €10 MyTH OT BPEMEHH OTIH-
ceiBaeTcs ypaBHeHHeM S = At+ Bt?, rie A = 1 m/c, B =23 m/c?.Uepes t| = 2 ¢ mocie Hauama JBUKEHHS

HOPMaJIbHOE YCKOPEHHE TOUKH CTajlo PaBHBIM a, = 2 M/c?. OnpenenuTe MOMEHT BPEMEHH, B KOTO-

PBIF MOIYJTH HOPMAJIBHOTO U TAHTEHITNATIBLHOTO YCKOPEHHM OY/IyT paBHBI.

Hano Pewenue
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2

S = At + Bt v
A=1wmc Haitném 3aBUCMMOCTH OT BpPEMEHM HOPMAJIBHOrO ap = E U TaHTCHIMAJIbHOIO
B =3 m/c? dv
t|=2c¢ a, = &t yCKOpeHuit. J{Jist 3TOro MoIyYrM BhIpasKeHUE ISl CKOPOCTH JABHIKEHHUS TOUKH:
a, =2 wm/c?

V=§=E(At+ Bt*) = A+2Bt.
a,=a, dt dt

d

t—7? Torna a, = o (A+2Bt) =2B . Yrobsl HaiiTH HOPMaJIbHOE YCKOPEHHUE, MPEIBapH-

TCJIBHO HaﬁﬂéM paanycC OKpPYy>KHOCTH, 110 KOTOpOﬁ ABYIKETCA MaT€pUajlbHasA TOYKaA:

2 2 2
o V@I _(A+28t) o (A+28Y)"
1 R R ap,
(A+2Bt)a,
Orcrona cienyer, 9ro a, = —21
(A+2Bt;)

W3 ycnoBus d, =4, , Oynem UMeTh

(A+280)°a, o
(A+2Bt,)’

a.n1

\/ZB(A+ 284)°
Torma t=

2B

[ToncraBuB AaHHBIE, MPUBEAEHHBIE B YCIOBUH 3aJ1auM, MOIYYHM, 4To t = 3,59 C

OTseT: 3,59 ¢

10. Touka nBUXKETCS 1O AYre OKpYKHOCTH paauyca R =2 m. E€ ckopocTh 3aBUCUT OT IPOHIECHHOTO

IIyTH 110 3aKOHY V = A\/g , Tne A —noctosiHHas. HaliTh yros Mexxry BEKTOpaMH IMOJTHOTO YCKOPEHUS

1 CKOPOCTH YacTHULIbI B TOT MOMEHT BPEMEHH, KOT/Ia YacTULla IPOHAET MyTh S, paBHBINA 3 M.

Hano Pewenue
= a
V= A\/g W3 IpuBEIEHHOTO PUCYHKA CIIEAYET, uTo ¢ = arctg . Hop-
R=2m a;
S=3m 3 V2 A%
MajbHOE YCKOPEHHE PABHO & = — = ——
¢—"? YCKOp P TR R

[Ipy HaxOXAEHUHU TAaHT€HIIUATBHOTO YCKOPEHUS YUTEM, YTO IPOUICHHBIN

MyTh — 3TO (QYHKIUS BPEMEHU. DTO Aa€T BOZMOKHOCTH MPEACTABUTH CKOPOCTh KaK CIOKHYIO (PyHK-

dv N
LU0 V= V[S(t)] U IIPOM3BOIHYIO E HaXO/IUTh KaK MPOU3BOAHYIO OT CIOKHOM pyHKIMU:
2 2
a, v _d, S(t)]=ﬁ-§= A A \/§=A—
dt  dt dS dt 2JS 2Js 2
A’S 2S

a
¢ = arctg— = arctg =
a

=arctg—.
RA? g R

T
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Q= arctg% ~71,6°.

OtBer: 71,6°
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METOANUYECKHUE YKA3AHUSA K PEHIEHUIO
TECTOB U 3AJJAY 110 TEME
"TAHAMUKA MATEPUAJIBHOM TOUKH
N CUCTEMbI MATEPUAJIBHBIX TOYEK"
1. MarepuasbHas TOYKa JBMXKETCSI BBEPX 110 y4acTKy Ayrd. BeanunHa e€ cKOpOoCTH U3MEHSIETCS BO
BPEMEHH TaK, KaK 3TO M0Ka3aHo Ha rpaduke 3aBucumoctu V(). Kyma
HaIpaBJicHa Pe3yJIbTHPYIOIIast BCEX CHJI, JICHCTBYIOINX Ha MaTePH-
aTbHYIO0 TOYKY B MOMEHT BpeMeHH t3?
a)l 06)2 B3 14 n)b ottt t
B cooTBeTCTBUM CO BTOPHIM 3aKOHOM HBIOTOHA, KOTOPBIN B IAHHOM CiTydae 3allMIieM B BUJIE

—

F=ma, pesyasTupyromas BCEX CUII, ICUCTBYIONIMX HA MAaTEPHALHYIO TOUKY, HAIIPABIICHA TaK Ke,

KaK ¥ BEKTOp IIOJIHOTO YCKOpeHHus. [IonHoe yckopeHrne paBHO BEKTOPHON CYMME TaHT€HIIMAJIbHOTO U
HOpMaJIbHOTO yCKOopeHui. Haliném HanpaBieHus KaXa0ro U3 3TUX YCKOPEHUH, a 3aTeM, CI0XKHB UX
I10 NPaBUIIy TPEYTOJbHUKA UM 110 IPAaBUILY MapajuiesiorpaMMa, OIpPEIEIuM HalpPaBICHUE IIOJIHOTO
yckopeHusa. HopmanbHOE yCKOpEHUE HAIIPABICHO K LICHTPY MyTH, 10 KOTOPOU ABUKETCSA TOUYKA, T.€.
B HampasiyieHuu 3. Tak Kak B MOMEHT BPEMEHH {3 CKOPOCTh yMEHBILIAETCS, TAHTEHIIUAJIBHOE YCKOPE-
HUE HaIIPaBJIEHO B CTOPOHY NPOTHBOIIOJIOKHYIO CKOPOCTH, T.€. B HampasieHuu 1. Torga momHoe
YCKOpPEHHUE HAIIpaBJICHO B HaIIpaBJICHUU 2. B 3TOM e HampaBJIEHUU IEHUCTBYET HA MATEPUAIIBHYIO
TOYKY Y pe3yJIbTUPYIOLIAs CUIIA.

OrtBert: 0
2. Cucrtema COCTOUT U3 TPEX LIApOB ¢ MaccaMu mp = | K, my = 2 KI, m3 = 3 KI, KOTOpbIE
JIBUKYTCS Tak, KaK MOKa3aHO Ha pHCcyHKe. Eciu ckopocTu MIapoB paBHBI Va
vi =3 wM/c, v =2 M/c, v3 = | M/c, TO BeTUYHHA CKOPOCTH IIEHTPa Macc ITOi f}l
CUCTEMBI B M/C paBHa ... m, v,
—_—
a)2/3 06)4 B)53 1)l10 0 m, ¢ M2 X
Panmyc-BekTop 11eHTpa Macc CUCTEMBI ompeenseTcs mo Gopmyrne li’r
3

i=3 .
Z m; I
i=1

—i
2m;
i=1

Haiiném koopauHaTsl HEHTpa MacC CUCTEMBI:

—

C

i=3 i=3
Z m; X; m;Y;
_ izl ) _id
~ =3 s yC ~ i=3 :
>.m .m
i—1 i—1
HpOCKI_[I/Iﬂ BCKTOpa CKOpOCTI/I I_ICHTpa Macc HaHHOﬁ CHUCTCMBI Ha OCh X paBHa

S m, &
dx 'dt

_OXe s
Vex = at =3
2.m;
i—1
MyVyq + MyVyo + MgVys
my +m, +my

X¢




W3 pucyHka BUIHO, uTO V,q =V,3=0,a V,, =V, . Torma v, =

25

m,V,
my +m, +m,

. IlogcTaBuB yuciIeH-

2M
HbIC 3HAYCHHUS, TTOIYYUM, 4TO V , = v AHAJIOTHYHO HAXOIUM IPOEKIMIO BEKTOpa CKOPOCTH ICH-

Tpa Macc JIaHHOM CHCTEMEI Ha OCh y:

5 m, M
_Oy. _ia LAt MyVyg FMpVy, + MgV ‘

VvV =
Y dt =3 my +m, +m,
2. m,

YauthIBaeM, 4to Vy, =Vy; Vyy =0; V3 =—V;, mosTomy

ch =

o e 2 2 2( ™M
OEeHTpa MacC HAUMACM I10 (l)OpMyJ'Ie Vc =4/Voy *Voy =V =—| — |.

_ MyVy —MyVs
My +m, +m;

. IloncraBuB YnCIICHHBIC 3HAYCHHUS, MOTYINM, 4TO Vo, = 0. Bennunny ckopoctn

X cy ox gl

OtBeT: a

3. Teno maccoii m = 1 Kr ABUXKETCA TaK, YTO 3aBUCUMOCTb KOOPJMHATHI X T€Ja OT BPEMEHH OIHUCHI-
BAETCs ypaBHEHUEM x = A-sin(ot), tie A=3m, ® =7 ¢ . HaiiTu Mofyib cuiisl, AeiicTByoIIEH
Ha Tesro B MomeHT Bpemenu t=0,25c¢.

/ano Pewenue
m=1kr Tak kak Macca Teja ¢ TEUYCHHEM BPEMCHHM HE M3MEHSETCs, BTOpol 3akoH HbroToHa
x = A-sin(mt) = v . B - Lo -
A=3um MOYKHO 3amucarh B popme F = ma. Yurém, uto F=iF +jF,,aV=iv,+]jv,. Torna

o
W=TC dv
t=0,25¢ Fo=m—=.
X dt
y=0 dx
z=0 VYuuteiBas, 4TO V, = P wA-cos(ot), a
‘IE‘ =7 dv
d_tx = —®?A-sin (cot) , TOJTy4aeM, 4To
2 .
F,=—-mo“A-sin(ot).
dy dz
lo ycnoemo y = 0 m z = 0, nogromy Vy=—==0 u V,= Py =0. D10 o3Hadaer, 4YTO

dt z

ay=a, =0=F, =F, =0. Orcrona cnenyer, uro F = -mo’Asin (mt)T .

o . . (= N
‘F‘ = Mw?A -sin ((ot) = mo?A-sin (Zj . [loncraBuB npuBeAEHHBIEC B YCIOBHUH 337a4d 3HAYCHUS M, M,

A u t, noryunm

|F|=1-314%-3.0,707 ~ 20,91 (H).
Otser: 20,91 H

4. MarepranpHas TOUKa MacCod 3 KT IBHJKETCA TaK, 4TO €€ PaJinyC-BEKTOP U3MEHSIETCS C TEUEHHEM
BPEMEHHU I10 3aKOHY [ = t2 (A— Bt) i+Ctj, rme A=5wm/c? B=1w/’ C=4 wc. Haiitu Moy

CHJIBI, ICCTBYIOIICH HA TEJI0, YePe3 MOJITOPHI CEKYH/IBI ITOCIIE Hayaja JIBUKCHUSI.
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Pewienue
B cooTrBercTBUM €O BTOphIM 3aKoHOM HpbroToHa F=ma4. Haiigém YCKOpEHUE
Teja, yYUThIBAsl, YTO, KAK BUJHO U3 BBIPAXKEHHUS I BpEMEHHOW 3aBUCUMOCTHU
paanyc-BeKTopa, X = At? —Bt3, a y=Ct. Torna

v, =2At-3Bt’, v, =C;
ay =2A-6Bt,a, =0.

Hano
F=t*(A-Bt)i+Ct]j
m=3 Kr
t=1,5¢
A =5 wm/c?
B=1w/’
C=4wm/c
IF| -2

AMETh:

B xoopaunatHOil (opme BbIpakeHHE JUISI CHJIBI 3alUIIeM B BUJE

F= Fxf + Fy] = maXT + may]. [ToncTaBuB BBIpaXECHHS [UIsI ax U ay, OyaeM

F=2m(A-3Bt)i,
F=2-3(5-31-1,5)i =3i.

Taxkum 006pazom, MOy b CUITBI B MOMEHT Bpemenu t = 1,5 ¢ pasen 3 H. Ommemum, umo 6 smom

MOMEHRM 6PEMEHU OHA HANPABIEHA 6 NOJOHCUNE/IbHOM HAnpasjleHuu ocu x.

OtBet: 3 H

5. B MomeHT t = 0 yacTHIIa Maccoif 3 KT HAXOAMIACh B Ha4aJle KOOPJMHAT U UMeNa CKOpocTh V, = Al

, e A = 2 m/c. B 5TOT MOMEHT Ha Heé Hauana JeicTBOBATh cua F = (B+ Ct)], me B=3HC

=0,6 H/c. Haiitu paccTosiHre YaCTHIIBI OT Hadasila KOOPIWHAT B MOMEHT BpeMeHH t1 = 3 C.

/ano
F=(B+Ct)]
v, =Ai
m=3 Kr
ti=3c
A=2wm/c
B=3H
C=0,6H/c
Xo=Y,=0
(-2

3TOTO ypaBHEHUS

Pewienue
PaccrostHue yacTuiibl OT Hayana KOOpJAUHAT MpH t1 = 3 ¢ paBHO MOAYIIO €€ paguyc-

BEKTOPA, ONPEICIIEHHOTO B 3TOT MOMEHT BpeMeHH, T.e. [ = |?| = \/ Xz(t1)+ y2 (t) .

Takum 06pa3zom, 3a1a4a CBOAUTCS K HAXOXK/IEHUIO 3HaYEHUI KOOpAMHAT YaCTHUIIbI B
MOMEHT BpemenH t = t;. 3anumiemM BTopoii 3akoH Hbr0TOHA B IPOEKLIMK HA OCh X:

F,=ma,.
E

X

Torga aX ZH. 3 BBIpAXKCHUA IJId CHJIBI BUAUM, YTO FX: 0, CJIICOOBATCIBbHO

Vx

a, =0. Tak kak a, = = dv, =a, dt. HTerpupys JieByr0 U MPaByK 4acTh

Vi (1) t
dv, = _[ax dt u yunrsisas, uto a, =0, monyunm V, — A =0, T.e. npoekius
Vy (to)=A 0

CKOPOCTH YaCTHIIBI HAa OCh X HE 3aBHCUT OT BPEMEHH M paBHA HadalbHOH ckopoctu: V, =A . Ompe-

ACJIUM 3aBUCUMOCTB OT BpEMCHU KOOPJAWHATEI X YaCTUIIBI.

X
Vy = m = dx = v, dt. UHTerpupyem 3T0 BbIpaxeHHE:

t=t,

t=t,

X
j dx = j vxdt:>x(tl)=AI dt=At, u X(t,) =6 m.
t=0

X,=0 t=0

IIepexoauM K HAXOKICHUIO KOOPAUHATHI Y.
3anuieM BTOpoi 3akoH Hpl0TOHA B MPOEKIIUK Ha OCh Y:

Fy=may:>ay=

F B+ Ct

2 Uz BBIPOKCHUS U CHJIbI BUIUM, YTO Fy =B+Ct> ay = . Tak kak
m
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dv
a =—y:>dvy =a,dt. Uuterpupyem JeByl0O M TPaByl0 4acTH  JTOrO  ypaBHEHHS

Yo dt
t
0 t B B C

t t
C

I dVy = Iay dt. IToxgcraBuB BIpaKEHUE IS ay , TOIyIHUM V = —Idt + —Itdt =—t+—1°
v, (t,)=0 0 me me m 2m

. Onpenenum 3aBUCUMOCTb OT BPEMEHHU KOOPAMHATHI Y YaCTHIIBI.

d
vy = Y dy = v, dt. Murerpupyem 310 BhIpaeHue
y(t,) t=t,
I dy = _[ v, dt
y,=0 t=0

nu HonyqaeM 3HAYCHHUC KOOpILI/IHaTI)I y B MOMCHT BpeMeHI/I tlI
t=t, 2 3
C Bt: Ct
— j Pdt=—2+=1 u y(t,)=54u
2m 20 2m 6m

[ToncraBuB 3HaueHus X(t1) U y(t1) B BbIpayK€HUE JUIsl pACCTOSIHUS YAaCTHUIIbI OT Hayasia KoopIu-
nar (= \/XZ(tl) +y? (t) , Gymem umets (= 8,07 M
Ortger: 8,07 M

6. B moMenT Bpemenu t = () Ha MaTEpHAIBHYIO TOYKY MAcCOM m = | KI, HAXOAUBIIYIOCS B COCTOSIHUM
IIOKOS, Hadajga JCWCTBOBaTh CHUJIA, W3MEHSIOWIAACA C TEUYEHUEM BPEMEHM [0 3aKOHY
F=Ae" + BeCt] ,tae A =3 kr-m/c?, B=4 krm/c?, C=0,1c¢.
Haittu yTh, IpONICHHBIN YaCTULIEH 3a TIEPBBIE TPU CEKYH/IbI IIOCIIE HAaYala ABUKCHMUS.

Hano Pewenue

g =t
yt)=— [ tdt+
m t=0

F=Ae%i +Be®j | U3 cpaBHeHNs BEIpaKeHHH
E_ ARCtT ct:
Vox =Vgy =0 F=Ae~i+Be™]
m=1kr = - - R
to=0 F=ma,i+ma,j
t1=3c¢ CJIEIIy€T, 4TO
A =3 xrm/c? A ct B ct
B = 4 kr-m/c? aX:Ee ’ay=ae :
C=0,1c" dv
S_9 Tak kak a, =—2=, 1o dv, =a,dt. Murerpupysl, MOIyYnM 3aKOH U3MEHEHHS BO

BPEMCHH NPOCKIUU CKOPOCTHU HA OChb X:
Vx (t) t t
A
dv, = [ adtny, =2 [ o=
m
v, (£,)=0 t,=0 =0

AHanoru4go nojry4dacm, 4To

IIpoiineHHsll ITyTh PAaBEH

e V= Vi + V. = M(em —1).

mC
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OxkoH4arenpHO OyeM UMETh:

\/?J'(Ct )dt=\/m(eml—l)—\/m

t.
mC? mCc !

[ToncraBuB mpuBeAEHHBIE B YCIOBUH 3aaun 3HaueHus m, A, B, C u ti, nonyuum, uto S = 24,9 m
OtBert: 24,9 M
7. Bpycok Maccoil m = 2 KT HaUMHAET JIBUTAThCsl BBEPX MO HAKJIOHHOW IJIOCKOCTH, COCTABIISIFOILICH
yron o = 30° ¢ ropuzonToM. K Opycky npunoxena cwia F = 24 H, HanpaBineHHast B10JIb HAKJIOHHON
wiockocTu BBepx. Koaddurment tpenus mensiercs mo 3akony p =, sin (bx), rme p, =0,1; b=m/9

paa/m. Haliti ckopocTh Opycka mocie Toro, Kak OH MpoiieT myTh 3 MeTpa.

Hano Pewenue
F=24H
m =2 Kr
Ho =0,1
b = /9 pan/m
S=3m
a=30°
v—2? 3anuieM ypaBHEHUE JIBUKEHUs OpyCKa B IPOEKIIUU Ha OCh X, HAIIPaBJIEHUE KOTO-
pOii coBNagaeT ¢ HalpaBIeHHEM CHIIBI F :
F-mgsina—F, o, =ma.
YuréMm, uto F e, = UN = p, sinbxmgcosa .
PaccMoTpuM CKOPOCTD KakK CIOKHYIO (PYHKIHIO V= v[x :| TOINA a= dv_dvx vd—v .
dt dxdt o dx

IToncraBus BBIPpAKCHUS JJIS1 CUJIBI TPCHUA U YCKOPCHUA B YPABHCHHUC IBUKCHUSA 6pyCI<a, " pasaciiiB
JICBYIO U IIPABYIO Y4CTHU 3TOI'0 YPABHCHH HA MACCY 6pyCI<a, 6y;[eM HUMCTh:

F gsina sinbxgcosa—vdv
m Ho dx
[IpouHTerprpyem JIeBy10 4acTh 3TOTO YPABHEHHMS MO KOOPJAUHATE X, a MPABYIO MO CKOPOCTH:
ES s S v
—jdx—g sinajdx—uogcosajsin bxdx=jvdv.
m 0 0 0 0

2

1,90

ES—g Ssina+——— cosbx|O
m

Torma v= \/2[%8— gSsina. + @(cos(bS) —1)} .

[ToncraBuB AaHHBIC, TPUBEAEHHBIC B YCIIOBUH 3aJIa4H, TOJIYYHM, 4TO V = 6,29 M/C.
OrtBer: 6,29 M/c

8. MotopHas nojKa JBUTaIach Mo 03€py, UMesl B HaualbHbII MOMEHT BPEMEHH CKOpPOCTh V=4 M/c.
Haiitu ckopocts €€ aBmxenuns yepes T = 20 ¢ 1nocie BbIKJIIOYEHUS JBUTATENs, €CJIU CUjla COPOTHB-
JIEHUs IBHKEHUIO JIOAKU IPONOPLHOHAIbHA KBaJpaTy ckopocTh: F, = —rv?, e r = 2 xr/m. Macca

noaku m = 150 kr.



t=20c
r=2 xr/m

v =2

HHUC

U TIOJTy4aem
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Pewenue
3anuiieM ypaBHEHHUE JBMKEHUS JIOAKH ITOCIIE BRIKJIFOUEHUS JIBUTATENIS B TPOCKITUN
Ha HaIIPaBJICHHUE JIBVKCHUS:

[Tocne mpeobpa3zoBanuii Oynem UMETh

dv
Fo=m—.
dt
HOI[CTaBI/IB BBIpa)KeHI/Ie IJIA CHUJIbI COHpOTI/IBJIGHI/IH, HOJIy‘-II/IMI
2 dv
—rv-=m—.
dt
d 1ldv
PaznenuB nepeMeHHbIe V U t, Oy/IeM UMETh - = _F?' Huterpupyem 310 ypaBHe-
1% 1¢dv
Lai1%
m 0 rv0 v
R T V-V
m rl vl m rvy,
Ve mv,
TrVy+m

[ToncTaBuB MCXOMHBIE JaHHBIC, TTOJIYYUM, 4TO vV = 1,94 Mm/c.

OtseT: 1,94 Mm/c

9. Harpy:xeHHas 11e0HeM KeJIe3HOI0pOoXKHas IIaTgopMa ¢ HadyalabHONW Maccol M, = 5 T HaYMHAeT

JBUKEHUE U3 COCTOSTHUSI IIOKOS IO/ IEHCTBUEM ITOCTOSSHHOW TOPU30HTATIbHON CUJIIBI F=300 H.
[[leGeHb BBICHITAETCS YepE3 OTBEPCTUE B THE MIIATPOPMBI TaK, UTO CKOPOCTh YMEHBIIIEHUS €€ MaCChI

paBHa

JIBUKCHHUS.
/ano

to=0

m, = 5000 kr

vV, =0

F=300H

p=15 kr/c

t=180c¢

v—7?

p = 15 xr/c. Onpenenuts CKOPOCTh MIaTGOPMBbI Uepe3 3 MUHYTHI MTOCIIE Havaja

Pewenue
3anuiieM ypaBHeHHEe Meniepckoro

mdv - dm. _
—_— = F +— Uo , IJAC U0 — Ha4dYaJIbHas CKOpOCTB BBICBIITAKOIICTOCS IJ_IC6H}I OTHOCH-

dt dt
. m
TeIbHO IIAT(HOPMBI, KOTOpasi MIPUHUMAETCA PaBHOW HYMIO, [ = T CKOPOCTB

yYMEHBIIIEHUsT Macchl Tar@opmel ¢ mebHeMm. CIpoeKTHpyeM 3TO YpaBHEHHE Ha
HampaBjeHUe ABMXKEHUS MIaTGOopMbl, Macca KOTOPOM ¢ TEYEHUEM BPEMEHU U3Me-
HSIETCS TI0 3aKOHY m(t) =m,—pt:

dv

d
m(t)d—\t/= F wm (mo—p.t)a— F.

F
Paznenss nepeMeHHbIe V U t, TOITYYUM —tdt = dv. [IpouHTerprpyeM JaHHOE YpaBHEHHUE:
m

—dt=jdv. (1)
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T

] F
IIpuBeném nHTErpa j —tdt K TabIMyHOMY BUIY. J{Js1 3TOr0 BOCIOIB3YEMCsI METOZOM 3aMEHBI
m,—p
0 0

nepeMeHHOH. PaccMOoTpuM onuH U3 BapuMaHTOB 3TOro MeTrona. Beeném obo3nadeHue zZ=m,—put.

Haitném npoun3BoiHy0 OT HOBOM MEPEMEHHOM Z 110 CTapOil IEPEMEHHOM t:
dz
—_— _u .
dt

dz
Torna dz = —udt winu dt = —— . 3aMeHUM B HHTErpasie IEPEeMEHHYIO t Ha IEPEMEHHYIO Z, He 3a0bIBast
1}

U3MEHUTH Ipeaensl narerpuposanust (npu t=0 z,=my,anpu t=1 Z=m, —p1):

m,—pt

T

J‘Ldt=_E I E=_Efn22°_m =_Ean_

o Mo —ut Bon 2 H ° H m,
BosBpamasics k ypaBHeHuto (1), nonyuum

V= F m—To
|2 My, —pt
[Tocne moaCTaHOBKU UCXOAHBIX JaHHBIX OyleM UMETh
V= 300 n 5000 =15,53m/c.
15 5000-15-180
Ortser: 15,53 M/c

10. [TpstmoyTONBHBINA OpYCOK Maccoit m =4 Kr U ATUHON { = 8 M, IBMXKYLIUICS N0 TIAKOU

MOBEPXHOCTH CO CKOPOCTBIO V, =3 M/C, HAIIpaBJIEHHOH BJIEBO, MOMA/IACT HA MIEPOXOBATHIN yJacTOK

¢ koapdunuentom Tpenus p = 0,2. Haiitu myTh, IpoiA€HHBIHN JIEBBIM KOHIIOM OpyCcKa IO LIIepOoX0oBa-
TOU MOBEPXHOCTH 10 OCTAHOBKHU.

/ano Pewienue

Vv, =3 M/c 3anuieM BTopoi 3akoH HproToHa B MpOEKIMH Ha HAIIPaBJIEHUE ABUKEHHs OpycKa:

- dv
v=0 m/c . Fp=-m e (3HaK MUHYC O3HA4aeT, 4TO C
m =4 xr O > t
L=8Mm DI B TEYEHNEM BPEMEHHU CKOPOCTB IO IefiCTBHEM
n=02 ra CHJIBI TPEHUSI YMEHBIIIAETCS).

’ =0.2 =0 <

S_9 H . VY4r1€M, 4TO CHJIa TPEHUS 3aBUCHT OT PACCTO-

STHHS X, I3MEPSIEMOTO OT HaJaJia MIepOXOBATOr0 YYacTKa J0 TMOJIOKEHHUS, KOTOPOe
3aHUMAaET B JIAaHHBIII MOMEHT BPEMEHHU JIEBBI KOHEIl Opycka. [leficTBUTeNbHO, ecii OpycoK emié He
TIOTIAJT Ha IIEPOXOBATHIN y4acToK (X = (), TO CHjIa TpEeHUS paBHA HYJIIO, €CJIH )K€ BECh OPYCOK HAXOIUTCS

Ha [IEpOXOBaToM ydacTke (X = ), To FTp =umg. B ciyyae 0< X< { cuna TpeHUS M3MEHSETCS 110

3aKOHY

Fp = p%x .
Ckopocts  OymeM paccMarpuBaTh Kak — CIOXKHYH — (QyHKIMIO V= V[X(t)], I03TOMY
dv = dvdx = d—Vv. [ToncTaBuB BBIpQKEHHS [UIS CHIIBI TPEHUS M MPOU3BOJHOM dv B ypaBHEHHE
dt dx dt dx dt

IBIDKEHHS Opycka, Oy/leM UMeTh:
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mg dv g

—H x=m—v:>vdv=—uzxdx.
Wurerpupysi, noinyynum
v=0 S 2 2
g9 v gS
vdv=—p= | xdXx =>—-2=—pu=—.
J ”ﬁ! 2 = M2

o]

Torna

[
S=v_ |—.
Vg

Vcnonb3ys naHHbIe, MTPUBEAECHHBIEC B YCIOBUY 33/1a4H, OyJIeM UMETh, 4TO S = 6 M.

Otger: 6 M
11. B cocynie ¢ )KMIKOCTbIO HAUMHAET JIBUraThCsl BEPTUKAJIBHO BHU3 LIAPUK PaAUYyCOM I = 1 MM; ero
IJIOTHOCTh paBHA p1 =10,5-10° kr/m>, mnoTHOCTH s)HAKOCTH p2 = 1,5-10% /™. JIuHamu-
4ecKUi KO3 (UIUEHT BA3KOCTHU JKUJIKOCTH PaBEH n = 0,4 ITa-c. Haiitu ckopocTh 11apuka B
MOMEHT BPEMEHHU t=0,01c.
Hano Pewenue
r=10"3m Ha mapuk neicTByrOoT HanpasieHHas: BEPTUKAJIbHO BHHU3 CHJIA TSHKECTH
_ 3 3 4 4
= . 3 3
p1=10,5-10° xr/m G=—nr’pg, (=nr’p;=V,p, =M — Macca NIAPUKA) U HATIPABJICHHBIE BEPTHU-
p2 = 1,5-10° xr/m’ 3 3
n=0,4TIlac 4 4
KaJIbHO BBEPX BBITAJKUBaoUIas cwia (cuina Apxumena) Fn = —mr'p,g u cuna
t=0,0lc 3
V=7 conportusienus Ctokca F, = 6xnrv. 3anumem ypaBHeHHE ABMKESHUS IAPHKA:

4 ero.0- 2 ni%p,g—6mnrv=m Y
3 P19 3 P29 nrv= ac

OTO ypaBHEHUE COAECPKUT JIBE IEPEMEHHbIE BETMUUHBI — CKOPOCTh V U BpeMs t. [IpeoOpasyem ypas-
HEHHE TakK, 4YTOObl OJ{Ha MepeMeHHasi HaXOAUIach B OHOHM yacTU ypaBHEHUs (Hampumep, cieBa oT
3HaKa paBEHCTBA), a Apyrasi — B Ipyroi 4acTu (T.e. CIpaBa):

g _ dv
m 4 3 ’
gﬂr (p1—p2)g—6mnrv
t Vv
1 dv .
Wurerpupyem - I dt= U, MOJIb3YSICh METOZIOM 3aMEHbI IIEPEMEHHOH, TI0-

4
0 OEWrB(Pl_Pz)g—Gmer

Jy4aeMm:
4 3
t 1 3 (P —p2)9
—= n . Ilocne mpeobpazoBaHus 3TOTO BhIpakeHUs OyJIeM UMETh:
m 6mnr 4 _23 5
3nr(pl—pz)g— v
2 _on
=2 Pi=p)0 )y o
9
Brruncnenns nokasslBaroT, 4TO NPU 3aJaHHBIX YCIOBHAX v=0,041 m/c.

Otsert: 0,041 Mm/c
12. OnpenenuTs CHITy rpaBUTAIMOHHOTO B3aMOJIEHCTBUS TOHKOTO OHOPOAHOTO CTEPXKHS Maccor m =
5 xr u ymHo# £ = 0,4 M u marepuanbHON TOUKU Maccod M =10 Kr, eciii OHa pacroioKeHa Ha OCH
cTepkHs Ha paccrosHuM a = 0,1 M oT Onmxkaifiero ero KoHua.
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Hano Peuwienue

m =35 Kr ) J4 LN
M =10 kr
=04 m oM

- ’ M A dX < X' »
a=0,1m m
G = 6,67-10"""H-m?/xr?

5 O4eBUIHO, UTO JUISI PEIICHHMS 3319l HE00XOIMMO BOCIIOIb30BaThCS 3aKOHOM

F-71

BCEMUPHOI'O TATrOTCHHA, B COOTBETCTBHUHU C KOTOPBIM JBE€ MAaTCpPUAJIHLHBIC

TOYKH B3aUMOJICHCTBYIOT JPYT C APYTOM C CHUJION, MPSMO MPONOPIMOHATIBLHON MPOU3BEACHUIO Macc
3TUX TOYEK U 00paTHO MPOMOPIIHMOHATIBHON KBaJIpaTy paccTosiHUs Mexay HumMu. Ecnu paccmarpuBa-
eTCsl ciiydail B3aMMOIEHCTBUS MTPOTSHKEHHBIX TN, UX pa30MBAIOT Ha AIIEMEHTAapPHbIE MacChl, KOXKIyIO0
13 KOTOPBIX MOYKHO MPHUHSATH 32 MaTePUAIbHYIO TOUKY.

B nanno#i 3aaye pa3genuM CTepKEeHb Ha YYacTKU JIUHON dX, Macca Ka)KIoro U3 KOTOPBIX
paBHa

dm:mdx,
{

m
rac 7 — MacCa CAVMHUIBI JJIMHBI CTCPIKHA. CornacHo 3aKOHY BCCMUPHOI'O TATOTCHHA CUJIa B3aUMO-

JNEUCTBHS MAaTepHAIIBHOM TOYKM Maccod M M Haxomsmerocs OT Heé Ha PACCTOSHUU X Y4YacTKa

cTepxHS Maccoit dm, Oyzmer paBHa:

M dm M m dx
=G 2

dF=G 5
X { X

WHTerpupys 310 BeIpaK€HUE, HAUIEM CUITy B3aUMOJEHCTBHS BCETO CTEPKHA C MATEPUAIIBHON TOUKOM

(+a (+a
F= Gm d—)z( = m(—lj =G mM ! =G mM .IToncraBuB 3HaueHuss m, M, a
X ¢\ x|, ( \a(l+a) a(l+a)
u {, Ioay4YnMm, 4TO
Fg67101— 210 _g67.10°8 (H)
0,1-(0,4+0,1)

Ortser: 6,67-10° H
13. Haiitu cuity rpaBUTallMOHHOTO B3aUMOJIEHCTBUSL TOHKOTO OJJHOPOAHOTO MOTYKOJIbIIa MAaCCOM 4 KT

Y PauyCcoM 2 M € TIOMEUIEHHBIM B IIEHTP €ro KPUBU3HBI OJHOPOAHBIM MaJIEHbKHUM IIAPUKOM MACCOU
M =0,5 xt.

Hano Pewienue
M=0,5kr VA
R=2wm .
m =4 xr dF
G =6,67'10"""H-M%/kr?
F-? X

Tak kak pacCTOsSHME MEK Y ITOITYKOJIBIIOM U MaTepuaabHOU TOUKOM M cpaBHUMO C pa3MepaMu
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MTOJIYKOJIbIIA, €T0 B JJAHHOM CJIydae HeJIb3s paccMaTpyBaTh Kak MaTepHaibHYIO TOUuKy. [IpeacraBum
MTOJIYKOJIBIIO COCTOSIIITUM M3 YYaCTKOB JJIMHOM d{, Macca KaXk10ro U3 KOTOPBIX paBHA
dm="dr .
nR
Takue yyacTku (OJIMH U3 KOTOPBIX MOKa3aH Ha PUCYHKE) MOXKHO CUMTATh MaTepUaIbHBIMU TOY-
m m .
kamu. Tak kak d¢ = Rdo, To dm = TE_R Rda = ;da. Torga Moaysib CUJIBI B3aUMOJEHCTBUSL MaTepH-
albHBIX ToueK M 1 dm Oyzer paBeH:
gF=gMdm _c MMy,
R R =
OO6parrM BHUMaHHE Ha TO, YTO CHUJIbI B3AMMOJICHCTBUS MaTepHUaAIbHON TOUKH M M pacIionoxeH-
HBIX B Pa3JIMYHBIX MECTaX MOJIYKOJIbIIA AIEMEHTAPHBIX Macc dm OyIyT OTIMYATHCS 11O HAPABICHUIO
(Ha puc. n3o0pakeHa cuia, JIEHCTBYIOAs HA OJUH U3 YYAaCTKOB IOJIYKOJIbIIA CO CTOPOHBI MaTepu-
anbHOU Touku M). [l HaxOXKIEHUST MOAYJISL CHIIbI B3aUMOZACHCTBUSI MOJIYKOJIbIa ¢ MaTepHaIbHOM
TOYKOW B TAKOM CIIy4ae ONPeAeNsSIOT MPOEKIMH 3TOW CHIIbI Ha KOOpAWHATHBIE ocH X U Y. [y 3Toro
3aIyIIeM BBIpaKEHUS AJIs1 IPOeKIUi Ha ocu X Uy cuiibl dF:

dF, = dFsin a =G Msin ado,
T

dFy = GMZECOSOLdOL~
R

T
WuTerpupys, noiyyaem, 4To
Fe :GMZ-mIsinadasz—'\g(—COSa) :m;
R T 0 R 0 nR
Fy:GMZ-m_[COSada=Gm—M2(sinoc) =0.
R ms R 0

Orcrona crenyer, 4To

2 2 2GmM
F=JR2+F2=F -

T
£_2667107":4.05
314-4

=2,12:10(H)

Otset: 2,12-10°'' H
14. CoenuHEHHBIE HEBECOMOMN U HEPACTSHKMMOM HUTBIO Yepe3 HEBECOMBIH OJIOK Tela MaccaMu mi =

0,3 xr u mz = 0,4 xr HaxoAATCs B TUQTE, IBUKYIIEMCS BBEPX C YCKOpPEHHUEM a = 2
M/c?. OnpesieuTe CUITy HATSKEHUsS HUTH, €Cii Kod(QQUIUEHT TPEHUS MEXKIY Te-
JIOM MAacCcOM mi ¥ MOBEPXHOCTBIO, IT0 KOTOPON OHO ABMXKETCS, paBeH 0,2.

ano Pewienue
mi = 0,3 kr
my = 0,4 xr
a=2wm/c?
n=0,2

T-7?
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=11
et
A
}
b

PH2
CI/ICTeMy OTCUéTa CBSDKEM C JII/I(bTOM. Tak xak oH JBHKETCA YCKOPEHHO, OTa CUCTEMA orcuéra 6y;[eT

HEMHEpLUAIbHOM. 13 MNOKa3aHHBIX Ha PHUCYHKE BEIMYMH OTMETHUM ciexyroomme: G; =m,g,

G, =m,0, d; — YCKOpPEHHE [IBHKCHHUS TIEPBOT0 Tejla, U3MEPEHHOE B BEIOPAHHOW HEHMHEPIHATbHOI

cHuCTeMe OTCUETa, dy — YCKOPEHHUE IBIKSHHSI BTOPOTO TeJa, U3MEPEHHOE B 3TOH K€ CHCTEME OTCUETa

Y paBHOE 10 MOJYJIIO YCKOPSHHUIO JIBHYKCHHUS TIEPBOTO Tea ( |§’1| = |§’2| =a'), F,; =—M;@ — cuna unep-

MK, ISHCTBYOIIas Ha TepBoe Teno, F,, =—M,a — cuia uHepuu, JeHCTBYOIAs Ha BTOPOE TEIO.

prrl/le CHJIbl UHEPIUU OTCYTCTBYIOT, TaK KaK .]'II/I(bT " TCJIa C MaCCaMU mj U my ABMXKYTCA IIOCTYyIIAd-
TCIJIBHO.
3anuieM YpaBHCHUA ABUKCHHA TCJIA Maccoil mj B MMPOCKIHUAX Ha KOOPAUHATHLBIC OCH X U Y,

YUHUTBIBAs, YTO CUJIA MHEPLIUU Iﬁ:Pll HarpaBJieHa B [TOJIOKHUTEIbHOM HAIIPABICHUN OCH Y U €€ IPOEKIIHS
Ha 3Ty OCh paBHa Mya:
x:T-F,=mj’; (1)
y: mg+ma—-N=0 = N=m(g+a).
Torma F,, =uN =pm, (g+a). [oxcTaBuB BeIpaXKeHHE JUTsl CHITBI TPEHHs B ypaBHerwe (1), mo-
Ty9UM
T—uml(g+a):m1a' (2)
3anuieM ypaBHEHHS ABMKECHUS TEJIa MACCOM M2 B MPOEKIUH Ha KOOPAWHATHYIO OCh Y.
y:myg+mya—T=msa’ 3)
PaznenuB neByro U MpaBylO 4acTH ypaBHEHHUS (2) COOTBETCTBEHHO HA JIEBYIO U IPaByIO 4acTU
ypaBHeHUH (3), TOTYyIUM

T-um,(g+a) _m
m,g+ma-T m,

[Tocne anredbpanyeckux npeoOpa3zoBaHUil Oy1eM UMETh:

T m;m, (g+a)(n+1) T 0,3:0,4-(10+2)-(0,2+1) _2.47()
m; +m, 0,3+0,4

Otser: 2,47 H
15. K Bpamaromemycsi TOpu30HTAIBHOMY JUCKY Ha PACCTOSSHUM Ri1 = 0,4 M or ocu BpamieHus
IIPUBS3aHO C TOMOUIBIO JIETKOM HEpacTsKUMOoN HUTH aiuHou £ = 1,41 M Teso Maccoi mi, pazMepamu
KOTOPOT0 MOXKHO npeHeOpeub. [pu Bpamenun HUTH 00pasyet yrou o = 45° ¢ BepTukanbsio. Ha kakom
pacctostHuM R2 OT ocu BpallleHus ArCKa MOXKET yAep KaThCsl HEOONIbIIOe TEJI0 MAacCOM My, MOJIOKEH-
HOE Ha JINCK, €CIU KOd(DPHUIIMEHT TpeHHsI Tesla O MOBEpXHOCTh aucka | = 0,17
Jano Pewienue
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Ri=04wm Onucanuie moBeACHUS Tl OyleM MPOBOAUTH B HEMHEPITMAIBHOW CHUCTEME OT-
t=141m cuéra, CBSI3aHHOW C BPAMIAIONIMMCS TUCKOM. B 3Toii cucteme 00a Tena mOKOsTCS, 1Mo-
o =45° TOMY CYMMBI CHJI B3aMMOJEHCTBHS U CWJI HHEPLIUHU, JEHCTBYIOIIUX HA KaXK10€ U3 HUX,
u=0,1 OyIlyT paBHBI HYJIIO.
Ry -7 _ 0
AN, U
1:62 | Fp2
e
S

HHH Tejia Maccoi mj B IIPOCKIMHU HA OCb X 6y,[[eM HUMCTh.
x: Tysin o—FEg =0 (1)
HeHTp06e)KHa}I CuJia HHCPUHH OIIPCACIIACTCA U3 BIPAKCHHA:
2o 2 2 H

Torna u3 (1) momyuum

Tysin a=m;0° (R, +(sina) (2)
B mpoekiun Ha ochb y JUIs TeNla MacCoi M| MOKEM 3aIHcaTh
y: Tircosa—-G;= 0, (3)
rie G, =mg.
[ToncraBus Beipaxkenue mis G, B (3) momyuum:
T,-coso. =myg 4)
Paznenum (2) Ha (4):
g0 = m® (R, +(-sina) _ o (Ry+(-sina) -
m,g g
Tak kak o = 45°, To tg o = 1, cregoBarenbHO
w=e13 (5)
(Ry+(-sina)
AHAIIOTUYHO PAacCMOTPHUM CHIIBI, JICHCTBYIOIIME Ha TEJIO Maccoi my. B mpoekiuu Ha ock X Oynem
UMETh
x: Fgo —FTp2 =0 =>Fs;m= Fsz, (6)
Tae FLl62 =m 20)2R2 — LEeHTpoOexkHas cuja WHEepLUMH, NEHCTBYIOLAs Ha TelIo Maccoil M,,

F o= “’N2 — MaKCUMaJIbHOC 3HAYCHUE CUJIbI TPCHUA IMOKOA IJIsL 3TOro TCa. HO)]CTaBI/IB BBIPpaXXCHUA

p
JUTS CUJIbl MHEPLIMU U CUJIBI TPeHHUS B (6), TOTy4uM

MNZ = m20)2R2 .

B MMPOCKIHMU HA OCh Yy 3allUIICM

[ToncranoBka (8) B (7) mMO3BOISAET MOTYUUTh BBIPAXKEHHE 1T HCKOMOTO PACCTOSTHUS

Hg
R,==.
2 0)2

(7

(8)
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C yu€tom (5) okoHUATEIIBHO Oy/1IeM UMETh

ITocne IIOACTAaHOBKH YHUCJICHHBIX 3H21‘-IGHI/II>1, IMoJIy4yum

2

Ry =01 0,4+141-7% |=0,14(m).

OtseT: 0,14 M
16. Ha BHyTpeHHEl MOBEPXHOCTH BPAIIAIOIIETOCS BOKPYTI BEPTUKAJIIBHON OCH KOHYCa C yIJIOM IIpU
BEPILIMHBI HAXOOUTCS HEOOINbIIOe

BepmmHe 200 = 60° Ha BbIcOTe h = 5 M OT NP
teno. KoadduumeHnt tpenus Mexay TeiaoM u MOBEPXHOCTHIO KOHYCA PaBEH [ =
0,25. HailTu  MUHUMAJIBHYIO  YIJIOBYIO CKOPOCTh (® BpAIllCHUSI KOHYca
BOKPYT BEPTUKAJIILHON OCH, IPU KOTOPOU TEJO OyleT HEeTOABMKHO OTHOCHTEIBHO
KOHYCa. |
/ano Pewienue 2|0_ h

20 = 60°

h=5wm
p=0,25
-7

3anauy yqoOHO pellaTh BO Bpallalollelcs HEMHEPLUUAIbHON CUCTEME OTCUETA, CBA3AHHOM C
KOHycoM. CHuJibl, EHCTBYIOLIME HA TEJIO, TOKa3aHbl HA PUCYHKE.

PaccmarpuBaeM MOMEHT BPEMEHH, HEMOCPEACTBEHHO MPEILIECTBYIOLIMN Hayaly JBUKEHUS
TeJla M0 BHYTPEHHEH MOBEPXHOCTH KOHYCA, KOTJa €ro CKOPOCTh U YCKOPEHHE PaBHbI HYIIO, a CUJa

TPEHHUs IPEACTaBNAeT co0oii cuiy Tpenus nokost F, =N, rne N — Mozyns cuiibl HopmanbHOH pe-
aKIUH OMOPHI. YUUTHIBAEM, UTO B IaHHOW CHCTEME OTCUETa Ha TeJIO ACHCTBYET LIEHTpOOeKHas chila
unepuun F g =m- ®?-h-tga, rae h-tgo — paccrosHme OT Tena 0 OCH BPAILICHHSL.

Jlnis mepexoia K CKaJIsipHBIM COOTHOIIEHUSM BBEIEM OCH KOOPJHMHAT X U Y. 3aluIleM ypaBHe-

HUA NBUKCHHS TCJIAa B IPOCKIUAX Ha 3TU OCHU, HC 3a6BIBa$I, 4TO €T0 YCKOPCHUC B JIaHHOM HCHUHCPLU-
aJIbHOM CHCTEME paBHO HYJIIO:

x: —=N-cosa+F, -sina+m-w’-h-tga=0 wm
mcozh-tgoc = Ncosa—puNsina (1)
y:Nsino +F, coso—mg=0 nm
mg = Nsina. +pNcoso ()

Pa3nenuB sieByto u npaByto 4acTu ypaBHEHHUS (1) COOTBETCTBEHHO Ha JIEBYIO M MPaBYIO YaCTH ypaB-
HeHus (2), mony4um

mo’h-tga  N(cosa—usina)
mg  N(sina+pcosa)

. [locne mpeoOpazoBanuii Oynem UMETh

g-(cosa—p-sina)
h-tga-(sino+p-cosa)

HOI[CTaHOBKa YHCJICHHBIX 3HAYCHUH BEIIMYHH IO3BOJISICT IMNOJTYYHUTH CICAYIOUICC 3HAYCHUC er'IOBOfI



37

CKOPOCTH BpalleHHs KOHyca

9,81-(0,866—-0,25-0,5
o= ( ) =1,88 pan/c
5-0,577-(0,5+0,25-0,866)

Otser: 1,88 pan/c
17. Onpenenuts nonepeunoe cmemeHne Al cHapsia, BBITYIIEHHOTO co ckopocThio v = 800 M/c B
IUIOCKOCTH MEpHUAMaHa MO TFOPU30HTAIBLHOMY HaIlpaBlIeHHUIO, 3a mepBble 0,5 CeKyHIbl MOCIEe BBI-
cTpena. BeicTpen npousBeiéH B ceBEpHOM MoIylmiapuu 3emid Ha mupore ¢ = 56°. B MOMEHT BbI-
CTpeja OpyAMMHBIN CTBOJ ObLI HampapiieH Ha ceBep. Cuily COMPOTHUBICHUS BO3yXa HE YUUTHIBATH,
U COCTABIISIIOLIYI0 CKOPOCTHU CHapA/ia B TNIOCKOCTH MEPHUAUAHA V CYUTATh MTOCTOSTHHOM.

Hano Pewenue
t=0,5c 3anauy OyaeMm pelarh BO Bpalllaloleiicss HeMHEPIHAIbHOM CUCTeMe OTCUETa, CBA-
0 = 56° 3aHHOU ¢ 3eMiéi. [lomepeuHoe cMemeHrne cHapsaa MOXKET OBITh BBI3BAHO TOJIBKO JICH-

v =800 m/c | CTBHEM CHIBL, KOTOpasi COCTABISICT OTIMYHBII OT HyIIsl YTOJI € ILIOCKOCTBIO MEPH/IHAHa, B
KOTOPOM JIKUT BEKTOP Ha4YallbHOUM cKOpocTu V. B BeIOpaHHOH cH-

cteMe oTcuéra Takoil cuioil sBusercs cwia Kopuonuca
F. =2m [\7, (7)] . Kax BuniHO 13 npuBeaéHHOTO BhIpaxenus, cuia Kopuonuca nep-

HEHAUKYIIApHA TUIOCKOCTH MEPUNaHa, B KOTOPOM Jieskar BeKTopsl V U ®. Eé

Mozyik paBeH F, =2mV o Sing . YijioBast CKOPOCTh 3eMITH () MOKET OBITH OIIpe-

neneHa o gopmyine ® = Z_I_—n , tae nepuon Bparnienus 3emiu T =24-3600 ¢ = 86400

¢. Cuna Kopronuca coo01maeT cHapsiy yCKOpEHHe, MOIY/Ib KOTOPOTO PaBeH
F 4nv

=—X=——sing. (1)

m T
Ananmuz BBIPpAXKCHUA (1) IMMOKAa3bIBACT, YTO TAK KaK IIO YCJIOBHIO 3a/la4U V = COHSt, TO U YCKOPCHHC
TaK)XK€ BEJIMYHMHA ITOCTOSIHHAS. DTO 03Ha4acT, 4TO ABMKCHHUEC CHApsAa B HAIIPABJICHUU, IICPIICHAUKY-
JISIPHOM IIJIOCKOCTH MEPHUAMAHA, SIBIIIETCS PaBHOYCKOPEHHBIM, I03TOMY IonepeuHoe cmerienue Al

MOKHO OIIPEJEIUTh 10 (opmyie
at’
Al = VO[t+7 , oie voe = 0.

nvt? ~2-314-800-0,5

2avt?
Torna Al = sino 1 Al 10,829 ~ 0,012
oTZa ¢ H 86400 ()

Oter: 0,012 M
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METOAUYECKHUE YKA3AHUSA K PEHIEHUIO
TECTOB " 3A1AY 110 TEME
"INHAMUKA BPAILATEJIBHOI'O
JIBUKEHUSA TBEPIOI'O TEJIA"
1. JIluck HauMHAeT BpalaTbcs U3 COCTOSHUS MOKOs MO/ IeHiCTBUEM MOMEHTa CHJI, TpaguK BpeMeH-

M, HOM 3aBUCHUMOCTH KOTOPOIro IMpeJACTaBJICH Ha PUCYHKE. Vkaxure FpaQ)I/IK,
IMpaBUJIbHO 0Tpa>1<af01111/1171 3aBUCUMOCTDH yrHOBOﬁ CKOpPOCTH OUCKa OT BpeEC-
MCHHU.

M & Y
t ot
=T, :.t
a) f E 6) ! L
M & 0 &
B) t, o1 F) t, t, 1t

3amnuiieM ypaBHEHHE MOMEHTOB B IMPOSKIIMU HAa OCh BpallleHHs, TpeoOpa3yeM U IPOUHTETPH-
pyem ero:

d—L:M:>dL:|\/|dt;
dt

L t
jdL:jMdn (1)
L 0

o
I7ie BEpXHUH IIpeaes uHTerpupoBanus L = L(t) — MOMEHT HMITyJIbCa JUCKA B HEKOTOPBHIII MOMEHT
BpeMeHH 1.

Beraucimm uaTerpan (1) mist nByx uatepBanos Bpemenn: 0<t<t m t; <t<t,, coorBeTcTBy-
IOLUX PA3IMYHOM 3aBUCMMOCTH MOMEHTA CHJIBI OT BPEMEHH.

Hauném ¢ unrepsana Bpemenn 0 <t <t;. 3 rpaduka sasucumoct M = M(t), Buamm, uto
B 9TOM BpeMeHHOM uHTepBasie M = const, mostomy u3 (1) moaygaem

L-L,=Mt.
Haiiném 3HaueHne MOMEHTA MMITyJbca B HadalbHbIH MOMEHT BpemeHu t=0. YVurém mis

9TOTr'0, YTO MOMCHT UMITYJIbCa CBA3aH C yrﬂOBOfI CKOPOCTBIO BpalllCHUS TCJIa COOTHOICHUCM BU/1a

L=lo=L,=Jo,.
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I[To ycnoBuro 3amadm "MUCK HaYMHAET BPAIAThCS M3 COCTOSHMSA MOKOs', 3HaUUT ®, =0=>L,=0.

L M
[Tomygaem, uto B unTepBaie Bpemenn 0<t<t; L(t) = Mt, 1 ymioBast CKOpOCTb ® = 3 = Tt -

HEHHO YBETTMYHUBACTCS C POCTOM BPEMEHH. DTOT PE3yIbTaT COOTBETCTBYET HAYaIbHBIM Y4aCTKaM rpa-
¢uKoB a) U T).

3anumem uHterpan (1) s uarepsana Bpemenu t) <t <t,:
L t
[ dL=]madt
Lol tl
13 rpaduka 3aBucumoctn M = M(t), Buanm, uTo B 9TOM nHTepBane Bpemenn M =0, mo-
sTomy U3 (1) momyuaem
L - LOl = 0 ’
rae L — 3HaueHne MOMEHTa UMITYJIbCa B TIPOU3BOJIBHBI MOMEHT BPEMEHH, IPHHAIJICKAIIA HHTEP-
Bany oT t1 Jio t2; Ly = Mt; — 3HadeHme MoMeHTa HMITylbca B MoMeHT Bpemenn t1. Torna L(t) =Mt
, T.€. B UHTepBaje BpeMeHHn t; <t <1, MOMEHT MMITyJIbCa UMEET MMOCTOSHHOE 3HAYEHHE, CIIe0Ba-

TCJIbHO U YTJIOBAsk CKOPOCTHb B 3TOM MHTEPBAJIC BPEMCHHU MIPUHUMACT ITIOCTOSIHHOC 3HAYCHHUEC, PABHOC

M
w=—1t,.
71

I/ITaK, 10 MOMCHTAa BPpCMCHHU tl y1iioBasg CKOpOCTb JIMHENHO paCTéT, a 3aTeéM, JOCTUTHYB 3Ha-

M N .
YEHUST O = 7 t;, ocTaércs MOCTOSIHHOM. DTOT pe3yabTaT COOTBETCTBYET TOJIBKO TpaduKy a).

OtBeT: a
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2. HaiiTu MOMEHT MHEPIIMU TOHKOTO CTEPKHS IJIMHOW £ =2 M U Maccoil m = 5 KT OTHOCUTEJIBHO OCH,
MpoXoAsAIIeH yepe3 KoHell ctepxkas O U cocTapistomei co crepyxkaeM yroi o = 30°. Ctep:keHb HeOoI-

2
X
HOPOJIEH U €TI0 IIIOTHOCTh M3MEHAETCA 10 3aKOHY P =P, (?j , Tne p, — const., a X — paccTosiHUE,
M3MEPSEMOE BJIOJIb CTEPKHS OT ToukH O.
Hano Pewienue
L=2wM ZA
m=35Kr

Beizienum Ha cTepikHe Majiblii yyacTok junHoi dX u maccort dM , HaxomsIIuMiics HA paccTo-
sHUM X oT Touku O. Maccy 3Toro ydactka npefcTaBUuM Kak

2
dm = p(x)dV = p(x)Sdx = p, G) Sdx,

rjie S — IIoIab MOMEPEYHOro ceyeHust cTepxHs, dV =Sdx — 00béM ydacTka unHOM dX . MoMeHT

uHepin J Oynem onpenensts o Gpopmyne J = _[ r?dm , TJIe I — pacCTOSHME OT YJ4acTKa CTCP>KHS Mac-
m

coii dm /10 ocH Z, OTHOCUTENBHO KOTOPOI OmpeiensieTcs MOMEHT HHepuu. 13 pucyHka BUJHO, YTO

9TO PACCTOSTHUE MOYKHO MPEACTaBUTh B Bume I = X-Sino. [logcTaBuB Beipaskenust it r u dm B op-

Myiy U1 onpeaenenus J, Oynem uMeTh

(

( 2 ( 5
J= J‘(x2 sin? oc)po (%) Sdx =Si_g-sin2 oc.[x"'dx =S'Z—‘2’sin2 oc% .TlocTaBUB BepXHMiT M HIDKHHI mIpe-
0 0

0

ACJIbI UHTCTPUPOBAHUS, ITOJTYUUM
Se® .
1=Pe> ginZg, (1)

Tak kak 3HaUCHUSA S H Po B YCJIOBHUHU 3adavu OTCYTCTBYIOT, HaliIéM HX CBI3b C MacCou CTCPIKHA,

KOTOpas U3BCCTHA:
V4 ( 2
m:J.p(x)dV:J.pOX—ZSdX:pO—SK:>pOSE:3m.
] 270y 3

3amenuB p,S¢ B popmyse (1) ua 3mM, Gymem UMeETh

2
J= 3m/ sina..
5

TlojcTaBUB MCXOHBIE JAHHBIE, TOMY4HM, 4To J = 3 (Kr'M?).

OtBeT: 3 KI"M?
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3. lletansb B popme nucka paauycom R = 0,2 M 1 TommuHON h=2'10"3 M nMeeT mecTh OTBEPCTHIA
paauycoMm 1o, = 0,02 m. LleHTpsl \, / OTBEPCTUM HAXONATCS Ha PaBHbBIX
paccTOAHUAX APYr OT Apyra Ha >y A~ OKpPY>KHOCTH paauycoM r = 10 cm,

MPOBEAEHHON M3 IIEHTPA JINCKA.

Haiitu MOMEHT uHepIuu aeTaiu

™\ ./ R \
OTHOCUTEIILHO ocH O, — TN '_('D‘}'jtzro NpoXonsiied dyepe3s €€ UEHTpP
/

MePIEHINKYISPHO K v IJIOCKOCTH jAeTayd. [LmoTHOCTH

Marepuaia, U3  KOTOPOTO @ - ’@ M3rOTOBIIEHA JeTanb, paBHa  10*

Kr/M>. '

Hano Pewenue
R=02wm Brruucienrne MOMEHTOB HHEPITUU HEKOTOPBIX TEJI, UMEIOIINX CIOKHYIO (hOpMY, MOKHO
h =0,002 M CYIIIECTBEHHO YIPOCTUTD, €CJIH €CTh BO3MOXKHOCTD MPEJICTABUTH X KaK COBOKYITHOCTh
ro=0,02 M JIPYTUX TEJ, MOMEHTBI MHEPLIUU KOTOPHIX M3BECTHBI WIIU JIETKO ompeneisercs. Bos-
r=0,1M MO>KHOCTh TaKOTO YIPOIIECHHUS 331a4 OObSICHIETCA TeM, YTO MOMEHT MHepLru 00ma-
p=10000 kr/m3 | AT CBOMCTBOM aJIATHBHOCTH: MOMEHT WHEPIIMHU Tejla CIOKHOW (POpPMBbI OTHOCH-
J_9 TEJIbHO HEKOTOPOH OCH PaBeH CyMME MOMEHTOB MHEPIIMHU Tell, €T0 COCTABISIONINX, OT-

HOCHUTEJIbHO TOM ke ocu. B maHHOI 3a/1aue cBOMCTBO aJAMTUBHOCTH UCIIOJIB3YIOT Clie-

AyoUMM 00pa3oM. JleTanb NpeacTaBiIsioT KakK CIUIOIHON JUCK paauycoM R, u3 kotoporo ynaisor

IIECTh OIMHAKOBBIX JUCKOB PaJuyCaMH Io. Toraa MOMEHT uHepuuu J aeranu oTHocuTenbHO ocu O

OyzieT paBeH MOMEHTY MHEpLMH Ji CIUIOLIHOIO TUCKa paJuycoM R OTHOCHTENBbHO 3TOI OCH 3a BbIYE-
TOM ILI€CTH MOMEHTOB MHEPLUH J2 TUCKOB pajinyCcaMu Io, BBIYUCICHHBIX OTHOCUTENbHOU ocu O:

J=J,-6J,. (1)

[Toxyuum (opmyity, C TOMOIIBIO KOTOPOI 110 U3BECTHBIM Macce m U paanycy R MoxHo pac-

0 CUNTaTh MOMEHT HMHEPLUUU TOHKOIO CIIJIOIIHOTO OAHOPOAHOIO

IPSIMOTO KPYTOBOTO IMIIMHJIPA (IMCKa) OTHOCUTENBHO OCH, Tep-

MEHAUKYJISIPHOM OCHOBAHUIO U NIPOXOAAIIEN Yepes ero nueHtp. s

3TOrO BBIAEIMM B JUCKE KOJIBIO PAJAUYCOM I, TOIMIMHOM dr 1 Mac-
coit dm=pdV =ph2nrdr, rae h — BeicoTa KombIa, dS=27rdr —

IJIOLIAa/Ib €r0 MOBEPXHOCTU. Tak Kak Ka)/as TOUKa BbIJIEJIEHHOTO
KOJIbIIa OTCTOUT OT OCU Ha OJIHO U TO K€ PACCTOSIHUE I', €10 MOMEHT
MHepuuu OyJeT paBeH

dJ; = r’dm = 2rphrdr.

HpOI/IHTCFpI/IpOBaB 9TO BBIPAKCHUC I10 T OT 0 A0 R, MOoJIyYuM JIs1 MOMCHTA MHCPLUU JUCKa

R 2 R4
Jy=2mphr dr =pmh—-. 2)
0

Ecnu eenuyuna naiomuocmu mamepuana P, U3 KOmopoeo u32omoeier OUcK, U e2o momyuna h He
ussecmuwvl, a macca 3adaua, gopmyny (2) npeobpaszyiom, yuumvledas, Ymo Macca OUCKA PABHA

m =pV=prcR2h. Toe0a momenm uHepyuu CHIOUWHO20 OOHOPOOHO20 OUCKA onpeodensom no gop-

mR?

myne J, =

MOMEHT UHEPIIUK JTUCKA PAZUYCOM [, U Maccoii M’ OTHOCHTENHHO 3aAHHOMN B YCIIOBUHM 3a-

nauun ocu O ompenenuM ¢ nomouisio TeopeMsl LItelinepa, coriacHO KOTOPO MOMEHT MHEPLIMH Ma-
JIOTO JUCKA OTHOCHUTENBHO ocu O, MpoXoAsLIeid uepes HEeHTp O0JBIIOro AUCKa paBeH CyMME MOMEHTa
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WHEPIIMH MAJIOTO JTUCKA OTHOCHTEIBHO OCH, POXOIAIICH napaiuiesHo ocu O yepes ero meHTp Macc,
Y TIPOM3BEJICHUS MAcChl MAJIOTO JIMCKa Ha KBaJIpaT PACCTOSHHS I MEXKTy OCIMHU:

prhr? 2

m'r? !
=—0 4+ m'r? =52 4 prhrZr® = prhrZ| & +r?
2 2

J, =
27 9

[ToacraBuB B ¢popmyny (1) Beipaxkenus st J1 u J2, Oynem umeTth

r2

_pmh R*—12r2 %4—1‘2

4 2
J=ﬂ—6pnhr02 %HZ

ITocne Berumcinenuit momyunm, uro J ~ 0,049 kxr- M2

Otger: 0,049 kr-m*
4. OnpeneanuTs MOMEHT HHEPLIMU TOHKOTO OAHOPOJHOTO KoJbla Maccoit 20 T u paguycoM 1 M OTHO-
cutenbHO ocu O, KacareabHON K OOKOBOM MOBEPXHOCTH KOJIbIIA U JISKAIIIEH B €T0 IIOCKOCTH.

ano Pewenue
m =0,02 kr o0
R=1wm :

Jo—2 \

CHavasa Hali1éM MOMEHT HHEPIMHU KOJIbIa oTHOcHTenbHO ock O'O’, mpoxoasineii yepes ero HeuTp,
o ¢popmyiie
Iy =jr2dm, (1)

e =RSino — paccTosHue OT BBIIEIEHHOIO 3JEMEHTApHOro yyactka koiubiia dm g0 ocu O'0';
dm =2Ad( =ARda — macca anemeHTapHOTO y4yacTka Kosbiia qmuHoi df = Rdol, A — nuHeliHas mioT-
HOCTh MaTepHaa, U3 KOTOPOTO U3TOTOBJICHO KOJIBIIO.

Ecnu 06vémnasn nnomuocms mena p YUCIEHHO PABHA MACCe eOUHUYbL €20 00bEéMa, Mo JTuHel-
HAsl NIOMHOCMb A YUCTIEHHO PABHA MAcCce eOUHUYbL €20 ONIUHbL. DMy Xapakmepucmuxy yOOOHO uc-
NOIb306aMb, €Ciu, Hanpumep, MOoIWUHA U 8bICOMA MeLd MAlbl O CPABHEHUIO C €20 OUHOU, KAK IMO
U umMeem mMecmo 8 ciyude MmoHKo20 KObyd.
[ToncraBum Beipaxkenus 11 r v dm B (1):

27 2n
J, = j R%.sin? ada = AR® j sin? odor . (2)
0 0

UTOOBI BBIYUCTUTH 3TOT HHTETPAJ, BOCTIONB3yeMCs (hOpMyITon
2 1-cos2a

sin“o =
2
2 . 2
L a|”™ sin2al”
Torna ISIn ado=—=| ————| =m.
0 20 4 0
%f_/
=T =0

[ToncTaBuB nonyuyeHHOE 3HAYCHHE ONPEEIEHHOTO HHTErpaja, OyaeM UMETh
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3
Jo =AR’m. 3)
Tak kak JHHEHHAs IIOTHOCTH B YCIOBUH 3a/1aud HE 3aJaHa, BhIpa3uM €€ 4epe3 MacCy KoJblia, KOTO-
past U3BeCTHA
m
Mm=A-2TR =>A=——.
2nR

[Tocne noacTaHOBKY BBIPAXKEHUS JIsI TMHEUHOM TUIOTHOCTH B (3) mosty4um

~ MR’ mR?

2nR 2
Jlist ompeesieHus MOMEHTa MHEPIUH TOHKOT'O KOJIbIIa OTHOCUTEIIbHO O0cH O BOCIIOIB3yeMCS TEOpe-

Iy

Mot llTelinepa:

2
3, =3y +mR? =R mR2 = 3R2,
2 2
Ilocne BEIUKCIICHUN HMeeM
_3 _ 2
JO—E-O,O2-1—0,O3(KF-M ).

Otsert: 0,03 kr-m?

5. OnpeneanuTs MOMEHT UHEPLUH CIUIOIIHOTO OJHOPOAHOIO KPYIVIOTO MPSMOro KOHyca Maccoil m =
5 KT 4 paguycoM OCHOBaHUSI R =2 M OTHOCHUTENIBHO €ro OCH CUMMETPHH Z.
/ano Pewenue

m=5Kr
R=2wm

Boigenum Ha BoicoTe h ToHKHI Auck BeicoToit dh u paanycoM ocHoBaHus 1. Ero MOMeHT nHepiuu

1 1
dJZ=§dm-r2=§pnr4dh, (1)

rie dm=pdV =pSdh= pnrzdh , p — 00BEMHAS TIIOTHOCTH MaTepHaa, U3 KOTOPOTO U3rOTOBIIEH KO-
HYC.
JI1st BBIYKMCIICHHUSI MOMEHTA HHEPIIMH KOHYCa HAIEM CBA3b MEXK/Ty BBICOTOM U paJnycoM KoHyca. 13
nono6ust TpeyronpbHUKOB AOAE u ABCE nmeem:
H-h
r

H
R
Juddepenuupyst 310 BeIpakeHHE, OITYIUM

H
dh =——dr. 2
- @)
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3Hnak «—» ykasvlgaem Ha mo, ymo ¢ pocmom h paouyc r ymeHbuiaemcs.

1 H
Torna, moncrasus (2) B (1), momyunm, uro dJ, = —Epnr4 Edr . IHTerpupyeM 31O BBIpaKEHHE

0 4
1 H%,, 1 R
J,=—=mp—|ridr== .
: 2npR£ 25

)

Tak xak p u H He U3BeCTHBI, BBIpa3uM MX 4epe3 MAacCy KOHyca m, I 4ero HalAEM CBS3b MEXIY

BeauyuHaMu M, p, H

dm = pdV = prr’dh = npr? (—gdrj , TO3TOMY

0 3 2
H HR HR
m:—np—jrzdr:np = TP .

RS 3R 3

Torma
npHR? =3m. (4)
[loncraBuB (4) B (3), moiayyuM, YTO MOMEHT HHEPLMHU KOHYCAa OTHOCHUTEIIBHO OCH Z pPaBEH
J, = 3 mR2,
10
[Tocne noaCcTaHOBKM YMCIEHHBIX 3HAYEHUI BeTMYMH m U R, Oyziem umersb
3.5.2°
J, = = 6 kr-m>.
10

OtBer: 6 Kr'M?

6. Cuma F=Ai+ Bt] +Ctk NPUIOKEHA K TOYKE, PaIryC-BEKTOpP KOTOpPO T = Dt%i + E] + Ltk.

Hpunsats A =5 H; B=3H/c; C=0,5H/c*; D=2 m/c*; E=3 m; L = 1 m/c. HaiiTu B MOMEHT BpeMeHH
t =2 ¢ MOMEHT CHJIbI OTHOCHTEIFHO Hadaja KOOPAMHAT U MOAYJb BEKTOPAa MOMEHTA CHJIBL.

/ano Pewienue
E—Aj+ Bt] Ltk CornacHo OrnpeeIeHuI0 MOMEHT CHITBI M OTHOCHTEIBHO HaYaTa KOOD/IH-
- P | Har paBeH BEKTOPHOMY IPOM3BEICHHIO PAJNYC-BEKTOPA TOUKHU MPUIIOKE-
F=Dti +Ej+Ltk HHSI CHJIBI Ha BEKTOP CHJIBI. Y YHMTHIBAEM, UTO
A=SH F=Xi+yj+2zK,
B=3H/c . L L.
CZO,SH/C3 F=FXI+FyJ+FZk'
D =2 wm/c? Torma
E=3w PG oRlT T K
L=1mlc M:[?,ﬁ]zx y z|=|Dt* E Lt
t=2c¢c 3
M _2M_2 Fe I:y F, A Bt Ct

|\7|:(E-Ct3—Bt-Lt)T-+(A-Lt—Dt2-Ct3

~—
[S—

'-+(Dt2 ‘Bt-A- E)R.HOJI-

CTaBUB YKCIICHHBIE 3HaueHust, momyunm M =—-22- ]+ 33-k.

Monyib 3TOro BEKTOpa paBeH

M= [M2 + M2+ M2 =0+222 +33% ~39,7 (H m).
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Otser: 39,7 H™Mm
7. Teno maccoit m = 0,2 Kr OpOIIeHO C HEKOTOPOH BBICOTHI B TOPH30HTAIHFHOM HaIIPaBICHUH CO CKO-
pocTbio Vo = 10 M/c. Haiftu Monynps mpupaiieHus MOMEHTa UMITYJIbca Tela OTHOCUTEIBHO TOUKH
Opocanus 3a nepBbie t = 3 ¢ nBwKeHUs. CONpPOTUBICHUEM BO3/yXa MpeHeOpeyb.

Hano Peuwienue
m=0,2 xr 10 X
Vo =10 m/c 0 =
t=3c ) >, lg
g =10 m/c? Vv N\
AL -7 7
Yvy

[Tpupanienue BeKTopa MOMEHTa UMITYJIbca Tejla OTHOCUTENBHO TOUKH Opocanust O paBHO
AL=L- L0 . (1)
Hatiném LO u L. YaureiBaem, 4To IBMKECHHE TPOUCXOTUT B TUIOCKOCTH XOV, mostomy z =7, = 0, p;

= pzo = 0. Tlo ycnosuro 3anaun Py, = 0. Torna

i ]k
Lo =[T.Pe]=|0 0 0|=0, 2)
Pxo Pyo Pzo
i j ok
L=[F.p]=|x y O=L=(x-py-y-pe)k. (3)
Py Py O
U3 (1) u (2) caenyer, uto AL=L :>‘A E‘ =L . Torma u3 (3)
AL=L=(x-p,—y-py). ()

ConpoTHBIIEHNE BO3AYyXa HE YUUTHIBACTCS, IOATOMY BJIOJIb OCH X TEJO JBUKETCS PAaBHOMEPHO CO
CKOpPOCTBIO V,,, @ TI0 OCU y — PAaBHOYCKOPEHHO C YCKOPEHHEM, PaBHBIM YCKOPEHHIO CBOOOJHOTO Ma-

nenus g. O4eBUIHO, YTO

2
X=V,p,=mv, =mv,;y= %; py, =mv, =mgt. IloacTaBuB 9TH BbIpaXeHNs B (4), OyaeM HMETh

2 2
AL:(vot-m-gt—%mvoj:%.

Y4auThIBas UCXOAHEIE JaHHBIC, ITOJIYUIUM

AL =M=9O(KF~M2).
2
Otger: 90 kr-Mm?
8. OnHOpOHBIN MIMHAPUYECKHH Bald Maccoll m = 12 kr u paguycom R = 0,03 M Bpamaercs ¢ 4a-
ctoToit v =15 00/c. B MoMeHT t = 0 K TOBEpXHOCTH BaJjia MPUKaIH TOPMO3HYIO KOJIOAKY ¢ cujoi F =
10 H. KosdhdumueHT TpeHns KOJOIKH O Ba u = 0,314. Haiitu Bpems, 3a KOTOpoe Baj
OCTAHOBUTCA.

Hano Pewenue
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m= 12 xr Jlnst pelieHust 3a7a4d BOCHOJIB3yEMCSI OCHOBHBIM 3aKOHOM BpalllaTEIbHOIO
R=0,03 m JBUKEHUS TBEPIOTO Teja (B HAILIEM CTydae — Bajia) BOKPYT HEMOJBUXKHOM OCH Z:
v =15 0b/c Je=M,, (1)
F=10H ] M
rie J, — MOMEHT MHEpLUM Baja Z A OTHOCHUTEJIBHO OCH  Z; ; -
=0,314
tl 5 MOMEHT CHUJIBI TpeHUs = Ay OTHOCHUTEJIBHO JTOM KE OCH.
— A /
' P do
[ToncraBuB B (1) BbIpakeHHE AJs ‘CD YIJIOBOIO YCKOpPEHUsI €= Tt
(3HAK MHHYC YKa3bIBae€T Ha TO, YTO C TEUCHHEM Y&, BPEMEHH  yIIoBas - CKOPOCT,
COIJIaCHO YCIIOBUIO 3aJauu, JOJDKHA YMEHBINIATHCS ), OyJIeM HMETh
do
J,| —— |=M, umn
dt
‘]Z
dt=——%-do (2)
z
[IpounTerpupyem ypaBHeHHe (2)
=0
t ‘]z )
fdt=—== [ do
0 MZ 0=,
U TIOJTyYUM
J
t=—2y. 3)
M, (
mR?
Tak xak M, = pF-R, J, =——, @, = 2nv u3 (3) Oynem umetsb
2
mMR“-2nv  mRnv
t= = 4)
2uFR uF
[ToncraBnsem uncaeHHbIE 3HAYCHUSI BEIMUUH, BXOASAIIHNX B popmyny (4), 1 moirydaem:
12.0,03-3,14-15
t= =5, 4(0)
0,314-10
OTBeT: 5,4 ¢

9. B MomeHT BpeMeHHU t, = 0 Ha TOKOMBIIMICSA OTHOPOJIHBIN JUCK Maccoid m = 3 Kr U paauycoM R =
1,5 M HauMHAET AEHCTBOBATH CHJIA, MOMEHT KOTOPOW OTHOCUTEIHHO HEMOABMKHOW OCH BpalleHUS

JTUCKA, TIEPIIEHIUKYIAPHON €ro TIIOCKOCTH M TIPOXOMAIISH Yepe3 ero MeHTP Macc, H3MEHSETCS IO

3aKkoHy M = At3, rie A = 4 H-m/c®. Ha xakoii yroJ (B paj) MoBepHETCS AUCK 3a Bpemsi t = 2 c?

Hano Pewenue
M = At3 Tak Kak JUCK BpallaeTcs BOKPYT HEMOJBUKHOM OCH, €r0 JBUKEHHUE ONHCHIBA-
A =4 Hw/c3 €TCsl ypaBHEHUEM
m =3 Kr M=Je, (1
R=15wm TJI€ € — YIJIOBOE YCKOPEHUE IUCKA, @ J — MOMEHT €ro MHEPLIMM OTHOCUTENBHO OCH
t=2c¢ BpaleHUsl, PaBHBIN B JAHHOM CJIy4ae
¢-? ;MR 2

2
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d d
VYuuteIBas, uTo €= d—? , ypaBHenue (1) 3anumem B Bune M =1 d_(: [Ipeobpaszysi, momyuum

M
do=—dt. (2)
J
2
[Toncrasnss B (2) BeIpaxeHus: Juisi MOMeHTa cil M = At® u momenTa uHepuu J = , Oyzmem
UMETh
2AL3
do= dt. 3
o 3)
WuTerpupyem ypasaenue (3)
2A 3 At
do dt= o= : 4
I ~ 2mR? @
3Hasi 3aBUCUMOCTH YTJIOBOM CKOPOCTH OT BpeMeHH (4), HaX0IUM YTroJl IOBOpOTa O:
d(p At
> dp=wdt=dp= dt.
a ? T 2mR?
WuTerpupys 3T0 BeIpaKEHUE, MOIYIUM
t 4
d t"dt,
! °= mnsz
At®
=——-. 5
= TomR? ®
[ToncTaBuB YKCIIEHHBIC 3HAYEHUST BETMYNH, BXOJIAIINX B BhIpakeHue (5), OyaeM uMeThb
429
?T 10315

Otser: 1,9 pan
10. OgHOpOoAHBIH AucK Maccoit m = 10 kr 1 paauycoMm R = 1 M MoxeT Bpararbcst 6e3 TpeHHs BOKPYT
HENOJBUKHON BEPTUKAJIBHON OCH Z, IEPIEHAUKYJIIPHON TNIOCKOCTH AMCKA U MPOXOASILEH YepE3 €ro
reOMETPUYECKUN 1IEHTP. B HayaJIbHBIII MOMEHT BPEMEHHU HA TMOKOSIIUICS TUCK HAYMHAET IEHCTBO-
BaTh cuwia F = Bt, nexamas B miI0CKOCTH JMCKa U HalpaBlIeHHAas 10 KacaTelIbHOW K ero OOKOBOM
nosepxHocTu. [Tocrosunyio B nmpunsate pasaoit 9 H/c. Haiftu Bpems, 3a KOTOpoe AMCK MOBEPHETCS
Ha yron @ = 8,1 pan.

Jano Pewienue

F = Bt 3anuiieM OCHOBHOM 3aKOH JUHAMHKH BPAIIAaTEIbHOTO JBHKEHUS TBEPIOTO Tea
m =10 xr OTHOCHUTEJIbHO HETOJIBH)KHOM OCH Z

R=1wm J,e=M,, (1)
B=9H/c mR?2

o= 8.1 pan rac ‘]Z = — MOMCHT MHCPUOHUHN JHUCKAa OTHOCUTCIIBHO OCH €0 CUMMECTPUHU Z,

2
9 o o
t= MIPOXOJISIICH Yepe3 reOMETPUUSCKUI IIEHTP MEPICHANKYIISIPHO K €ro MIIOCKOCTH;

M, = FR = BtR — momenT cunst F oTHOCHTENBHO OCH Z.

[To ompeneneHuIo yriaoBoe yCKOPEHHE PaBHO
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do
it 2
N3 (1) u (2) monyuaem
do_M, _2F 28t o
dt J, mR mR’
IIpounTerpuposas (3), Hail1€M 3aBUCHMOCTb YITIOBOM CKOPOCTH OT BPEMEHHU:
®» t 2
2B Bt
[ do="Ztdt=0=—". (4)
mR m
,=0 0
Uro0Ob!I HATH BPEMEHHYIO 3aBUCUMOCTD yIJIa IOBOPOTA AUCKA, YUTEM, UTO
d
c0=—(P:>d(p:0)dt. (5)
dt
[Tpu unrerpupoBanuu (5) Bocmonb3yeMcs BeIpaxkeHueM (4):
Q t t 3
B B
J.dq) = J.codt == —J.tzdt _ Bt .
0 0 mR+ 3mR
f3m R
Torma t=3 T(p . [loncTaBuB UCXOJHBIE JAHHBIE, TOY4YUM, 4TO t =3 C.
Otser: 3 ¢

11. OnuH KOHEll BUCAILEH BEPTHUKAJIbHO TOHKON, HEBECOMOM M HEPACTSHKMMOM HUTH 3aKpEIUIeH Ha
MOTOJIKE, & IPYTOW TUIOTHO HAMOTAH Ha CILTOIIHOKW OAHOPOIHBIN TOHKUW TUCK Maccol 6 K. B MomeHT
BpeMeHH to= 0 AuCK HaunHaeT najaars. OnpeaenuTbs MO1yJb CUJIbl HATSKEHUS HUTH.

/ano Pewenue
m = 6 Kr JIMcK y4acTBYET B CJIIOKHOM JIBUKEHUH, KOTOPOE MOKHO IPEACTABUTH )

KaK Cyneprno3nrio MOoCTyIaTeJIbHOIO ABHKCHUA BAOJIb OCH Y U Bpalllc- =
HHUA BOKPYT OCHU €TI0 CUMMCTPUH. 3anuieM YPaBHCHUS 3TUX JBHKCHMH.
B cootBeTcTBHH CO BTOPBIM 3daKOHOM HBIOTOHa, 3allMCAHHBIM B IIPOCKIUU HA OChHb Y,
MOCTYNATCIIbHOC ABUKCHUC OIIMCHIBACTCA YPAaBHCHUCM

=)

mg—T =ma 1 67
Tak Kak HUTB HEBCCOMA, YPAaBHCHUC BpAIIATCIbHOTO ABUKCHHU A 6y,ueT HUMETH BUJ y
M =Je (2)

Y‘-IPITI)IBaH, YTO MOMCEHT CHJIBI TAXKCECTU OTHOCHUTCIBHO OCH CUMMECTPUHN JHUCKa PABEH HYIIO, MOMCHT

cuiibl HatsbkeHuss M = TR, MOMEHT MHepIKM OHOPOIHOIO JUCKAa OTHOCUTEIHFHO OCH CUMMETPUU

R? a
J= > U YITIOBOE€ YCKOPEHHE MOXKHO IPEICTABUTH KaK € = R’ ypaBHeHHe (2) 3amnuiieM B BUje
2
mR* a
TR = —.
2 R
[Tocne anrebpanyeckux npeodpazoBaHuil UIMeeM
ma
T= 7 = MmMa= 2T (3)

[ToncraBum (3) B (1):

mg—T:ZT:T:%.



49

HOI[CTaBI/IB B 3TO BBIPpa)XCHUEC 3HAYCHHUA MACChl U YCKOPCHUA CBO60,Z[HOFO naacHus, KOTOpPOeC

MIPUHUMAEM PaBHBIM 10 m/c?, momyunm, yto T = 20(H) .

Otser: 20 H
12. Ha ctynenuarsiii Baji, paanycbl kotoporo R = 0,4 M u r=0,2 M HaMOTaHbI B MPOTUBO-
TIOJIO’KHBIX HANpPaBICHUSIX HUTH, HATPY>KEHHbIEC OAMHAKOBBIMU MaccaMu m = 2 KI. MOMEHT HHEepIHH
Bajla OTHOCHTENBHO ero ocu cummeTpur J = 3-1072 xr-m?. Maccoii HuTel U TpeHHeM B ocH 6I0Ka
npeHeOpeys. Haiitu yckopenus rpy3oB 1 u 2.

Hano Pewenue
R=04m B »T0i1 3a1aue paccmaTpuBaeTcst IBHXKEHUE TPEX TEJ: IByX I'PYy30B Maccoil m, U CTy-
r=02wm neHyaroro Bajia. [Ipu 3TOM rpy3bl JBUKYTCS MOCTyMa- Lo,
m =2 Kr TEJIbHO M WX JIBUKEHUE OIUCHIBACTCS BTOPBHIM 3aKOHOM
A
J=3-10"% xr-m? HeroToHa, a Ban Bpaiaercss BOKpYr HENOJABUKHOM OCH, U / O T
ar—7a—"? €ro JBHIKCHHE MPOMCXOJUT B COOTBETCTBHUU C OCHOBHBIM 2R © ) Vzl'
3aKOHOM BpallleHus TBEPJOro Teja. 3anuchbiBa€M COOTBET- N3 \ 4
CTBYIOIIIME YPABHEHUS: - A AT
y y - T A a, T2
? m
T, — G = ma,, ¢ l
M=Je 1 = iG
GY 4
Y4autsiBaeM, 4TO
G=mg, (1)
MOMEHT CHJI HATSKEHUS, IEUCTBYIOIIUX CO CTOPOHBI HUTEH Ha Bal,
M=TR-T,r, 2)
a YIJIOBOE YCKOPEHHE Bajia B OTCYTCTBUHU MPOCKAIb3bIBAHUS HUTEH
a a
g=—2=-2, 3)
R r

r
Kak cnenyet u3 cootHomenus (3) a, = a, R’ TOTJIa YpaBHEHUS JIBUKEHUS TeJ PUMYT BH]L

mg—T; =may;

a,r
T,— mg = m—;
2 g R

a
TR-T,r=J-2L.
1 2 R

Pemaem aTy cuctemMy ypaBHEHUH U MOJIy4aeM

S
mg(R-r)=a, mR+mE+E

Torma yckopeHue epBoro rpysa OyeT paBHO
~ mgR(R-r)
Y mR2imr2+y’

2.9,81-0,4-0,2 )
a, = =3,65 M/C
17 2.0,42+2.0,22+0,03 (/")
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a,r
R

a2=3,65-%=1,82 (w/<?).

,

Otger: a1 = 3,65 m/c%; a» = 1,82 m/c?
13. Ha ogHOpOHBIN 1UCK MAacCOM M = 2 KI' U paIlyCOM R =2 M, KOTOpBIN MOXKET BpalllaTbCst
BOKPYT ropu3oHTaibHON ocu O 06e3 TpeHwus, IIIOTHO HaMOTaHa TOHKask HUTh JuinHOW L =3 M u Maccoit
my = 0,5 k. B MoMeHT BpeMenHu t, = 0 Ha HUTh HaYMHaET JeicTBoBaTh cuiia F = 5 H, nHanpasnennas
M0 KacaTeJabHOW K OOKOBOI MOBEPXHOCTH JMCKA BEPTHKAIbHO BHU3. HaliTh yroBoe yckopeHue
JIMCKa B TOT MOMEHT BPEMEHH, KOT/ia ¢ Hero Oyaer cBucarh yacTb HUTH AnuHoM { = 1 M. [Ipockanb3bl-
BaHUE HUTH OTHOCUTENIBHO JIUCKA OTCYTCTBYET.

/ano Pewienue

m; =2 Kr AHanu3upys XapakTep JBUKEHUS AUCKA U HUTHU, OTMEYAeM, YTO CBUCAIO-
ms = 0,5 kr LI YYaCTOK HUTH JBUKETCS MOCTYIATEIbHO, & IUCK BMECTE C HAMOTAHHOM Ha
R=2wm HEro OCTaBIIEHCS YaCTh0 HUTU BPALIAa€TCsl BOKPYT HEMOABUKHOM ocH. Ipu Bpa-
F=5H IIEHUU JIMCKA HUTh CMAaThIBAETCSI C HET0. DTO MPUBOJUT K U3MEHEHUIO MOMEHTA
L=3wm UHepLUH J, Tena, 00pa30BaHHOIO AUCKOM M HAMOTAHHOW Ha HEro HUThIO. Takoe
t=1wm JBUKEHHE MOXKET ObITh OITMCAHO YPaBHEHHUEM BUA

e—7? dLo _

o =M,, (M

rne Lo — MOMEHT umnysbca Iucka U HUTH OTHOcUTenbHO ocu O, a M, — MOMEHT JeHCTBYIONINX Ha
HHUX CHJI, OTHOCUTEIBLHO TOH K€ OCH.
Haiiném MoMeHT cuil, NeWCTBYIONIMX HA CUCTEMY, OTHOCUTENIBHO och O. YUTéMm, 4TO Ha TUCK
C HAMOTAHHOM HA HETO HUTHIO CO CTOPOHBI CBUCAIOIIEH €€ YaCTH JEUCTBYET CUJIA TSKECTH, MOMEHT
KOTOPOI OTHOCHUTENIBHO OcH BpatieHus O aucka paBeH
m,(
M; ===9R,

m, m, .
rae T - Macca eIUHUIbI JIMHBI HUTH, Tﬁ — Macca CBHUCAIOIIET0 C JUCKA YYaCTKa HUTH JUIMHOU
£. Kpome Toro B ToM k€ HampaBJIEeHUH Ha AUCK C HUTHIO IEUCTBYET cuiia F, MOMEHT KOTOpOii OTHO-
cutenbHO ocu O onpenensieTcs BbIpaxKeHHEM

M{ =FR.

PesynbTupyromuii MOMEHT Torna OyneT paBeH

L

[lepeiiném k onpeneneHn0 MOMEHTa UMITYJIbCA CUCTEMBI "' TUCK+HUTH", yUUTBIBAsI, YTO TUCK

MO:M5+M'{,:R(m2£g+Fj. 2)

1 49acTb HUTHU JIMHON L — { y4acTByIOT BO BpallaTeIbHOM JBHKEHUH C YINIOBOM CKOPOCTBIO ®, a

YaCTh HUTH JJIMHOM { JBUIKETCS TMOCTYIMATEIHLHO CO CKOPOCThIO V = ®R .

my/(

L, =J,0+—2Rv, 3)

m,R? .\ m, (L— ()R?
2 L

rac ‘]0 = — MOMCHT MHCPUHUU CUCTCMBI, COCTOSIIJ.[GfI U3 JUCKa U HaMOTaHHOU Ha
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HETro HUTH.

ITocne noacraHoBkU BelpaskeHust uid J, B (3) OyneM umeThb

2 _N\R2 ,
I_0:£m1R +mgL,@R]m+m%R%m:

2 L

UrtoObI BOCIIONB30BaThCs ypaBHeHUEM (1), HaiiiéM IPOU3BOIHYIO [10 BpEMEHH OT MOMEHTA UMITYJIbCa
L .

0-

dh:(ﬁerijzd—m:(ﬂerszzs. 4
dt 2 2

IToncrasus (2) u (4) B (1), Oynem umeth

(ﬂ+ mszza = R(ﬂfg+ Fj - MG ¥LF)
2 L (m;+2m,)LR

3Hasi YUCJICHHBIC 3HAYCHUS BEIMYUH mi, m2, L, £, F u R, momydnm, uro €= 2,2 paﬂ/cz.

Otser: 2,2 pay/c?
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TEOPETUYECKHWI MATEPHAJI JIJIS
CAMOCTOATEJIBHOI'O U3YYEHUA

MATEMATHUYECKAS OBPABOTKA
IKCHHEPUMEHTAJIBHBIX TAHHBIX
2.1. AGCo/II0OTHAS ¥ OTHOCHTEJIbHAS MIOTPEIIHOCTH
pe3y/1bTaToB N3MepeHus. Buabl morpemHsocreii u3MepeHust

W3mepenneM Ha3bIBAIOT ACUCTBUS MO HAXOXKICHUIO YUCIEHHBIX 3HAUCHUN KaKOU-1100 Pu3u-
YEeCKOW BEJIMYMHBI B IPUHATHIX €IMHULIAX U3MEPEHUS.

[To cnocoOy nosydeHust pesysbTara pa3jinyaroT MpsiMble U KOCBEHHbIE u3MepeHus. [lpu npsa-
MbIX U3MEPEHUSX ACUCTBUS 110 HAXOXKICHUIO 3HAUCHUH (PU3NYECKOI BETMUMHBI CBOAATCS K UCTIONb-
30BaHUIO COOTBETCTBYIOIIETO PHUOOpPa, TO3BOJISIOLIET0 OCYIIIECTBUTh CPABHEHNE U3MEPSEMOI1 BEH-
YUHBI C 3TAJIOHHBIM €€ 3HaueHUeM. [Ipu npsAMbIX U3MEPEHUIX 3HaUEHUE U3MEPSIEMOI BEJIMYUHBI I10-
JIy4aroT HENOCPEACTBEHHO 110 ILIKaJie U3MEPUTENbHOro npubdopa. Ilpu koceennpix usmepeHusx 3Ha-
yeHne (PU3NIECKOH BEIMYMHBI BBIYUCISIOT 10 HEKOTOPOH (opMyIie, CBA3BIBAIOIICH NCKOMYIO BEJIH-
YUHY C BEJIMYMHAMU, 3HAYEHUS] KOTOPBIX ONpeAeseHbl NpAMbIMU M3MepeHusaMu. Hanpumep, 00bém
napajuiesienuIne1a HaxoAaT EPEMHOKEHUEM JUIMHBI, IIUPUHBI U BBICOTHI, 3HAYEHHSI KOTOPBIX MOJY-
YaroT [P NPSAMbIX U3MEPEHUSIX.

OmnBIT MOKa3bIBAET, YTO HUKAKOE M3MEPEHUE HEJIb3sI BHIOJIHUTH a0COIIOTHO TOYHO, PE3YIbTaT
JI000T0 N3MEPEHMSI BCETIa COAEPHKHUT HEKOTOPYIO OTPELIHOCTbD.

[TorpemHocTs N3MEpPEHHsI — 3TO OTKJIOHEHHE Pe3y/IbTaTa U3MEPEHHUH X OT UCTUHHOTO (1eHCTBU-

TEJILHOT'0) 3HAYEHUS X, M3MEPIEMON BEITHYUHBI.

Paznuuaror abCONOTHYIO U OTHOCUTENBHYIO TOTPETHOCTH U3MEPEHUH.
Abconromnan nozpewinocms — 310 MOAYIb PA3HOCTH MEXAY U3MEPEHHBIM U UCTHUHHBIM 3Ha-

YeHUSIMH (PU3NYECKON BEIMYUHBI, TO €CTh AX = |X - xo| .

Omnocumwzbua}z nozpeutHocmbs — 9TO OTHOULICHUC a6COJ'IIOTHOI71 HOl"peHIHOCTI/I K I/ICTI/IHHOMy
3HAYCHUIO I/ISMepreMOﬁ BCJIMYHHBI UJIU K BEJIIMYUHE, HpHHHMaeMOfI 34 NCTUHHOC 3HAUYCHUC:
AX

5=
X

o
Yacto OTHOCUTEIHHYIO MOTPEITHOCTh BBIPAKAIOT B MPOIICHTAX:
5= Ax -100% .
XO

B 3aBucumocTy 0oT XapakTepa mposiBICHHs], TPUUYUH BOZHUKHOBEHUS, BO3SMOXKHOCTEHN yCTpaHe-
HUS ¥ y9€Ta pa3IMyaloT CUCTEMaTHUECKHE U CITydaifHbIe TOTPEIIHOCTH, a TaAKXKe rPpyObIe MOTrPeIIHo-
cTH (TIPOMaxH).

Ilpomaxu — 310 OMIMOOYHBIE U3MEPEHHSI, KOTOPBIE Yallle BCETO BBI3BIBAIOTCS HEUCIIPABHOCTHIO
pruOOpPOB, HEBHUMATEILHOCTHIO UM HEOPEKHOCTHIO IKCIIepUMeHTaTopa. [Ilpomaxu crnenyer BbIsB-
TSTh ¥ IPU 00pabOTKe Pe3y/IbTATOB U3MEPEHUI HE YUUTHIBATh.

Cucmemamuyeckue noZpeuiHoCMu BBI3BIBAIOTCS NIPUUYMHAMU, JEHUCTBYIOIIMMHE YIIOPSI0YEH-
HBIM 00pa3oM. DTH MOTPEUTHOCTH, KaK MPABUIIO, COXPAHSIOT BEIMYMNHY U 3HAK, JTHOO 3aKOHOMEPHO
M3MEHSIOTCS TIPU MHOTOKPATHOM MOBTOPEHHH U3MepeHuid. CUCTEMAaTHYECKUE MOTPEITHOCTH MOTYT
OBITH OOYCIIOBJICHBI HETOYHOCTHIO HCIIONB3YeMOU U3MEPUTEIHHON armaparypbl, HECOBEPIICHCTBOM

UCTOJIB3YEeMOTr0 MeToJla M3MEpPEHH, MIOXOH HACTPOMKOM HM3MEPHUTEIbHBIX MPHOOPOB, BIUSHHEM
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oKpy>karoteit cpenbl. CucteMarnyeckre MorperHoCTH MOKHO BbISIBUTh, YUECTh U CBECTH K MUHU-
MyMYy MPOBEPKOIl MprOOPOB, UCIIOIb30BaHUEM 00Jiee TOUYHBIX CPEICTB U3MEPEHHUS, TPABUIBHON UX
YCTaHOBKOHM M HACTPOMKOM, KpUTUYECKHUM aHAJIH30M HCIIOJIBb3yEeMOr0 METO/Ia UCCIIeIOBAHMUS, IPOBE-
JICHHEeM W3MEPEHHI M0 aJbTepHATUBHBIM MeToauKaM. Takum o0pa3oM, CHCTeMaTH4eCKHE MOTpelll-
HOCTH B MPUHIUIIE MOXKHO CYUTATh YCTPAHUMBIMH.

Chyuaiinple nozpewtnocmu — 3TO TOTPEUIHOCTH, U3MEHSIOININE HEIpeICKa3yeMbIM 00pazoM
CBOIO BEJIMYMHY M 3HAK OT OIBITA K OMBITY IPU U3MEPEHUSIX, BHIITOJIHEHHBIX OIMHAKOBBIM 00pa3oM U
IIpH, Ka3aJoch Obl, OAMHAKOBBIX yci0BUAX. CiayyaiiHble MOTPEHIHOCTH 3aBUCIT OT OOJIBIIOrO YHUCIIa
HEKOHTPOJUPYEMbIX MPUYUH, COUETAIOIINXCS PA3IUYHBIM U CIy4YailHbIM 00pa3oM.

CrnyuaiiHble OTPEUTHOCTH SIBJIIOTCS HEYCTPAHUMBIMH, HO MOXHO OLIEHUTh UX BEJIMUUHY C I10-
MOIIIbIO METOJIOB TEOPUU BEPOSATHOCTH, KOTOPask OMIEPUPYET CO CIyUYaHBIMHU BETUYMHAMHU.

2.2. OueHka BeJIMYMHBI CIYy4YAHHON MOrPeIHOCTH NPSIMbIX U3MepeHu i

[Tyctp OBUTIO TPOBEACHO N MPSMBIX M3MEPEHUN HEKOTOPOH (M3MUECKOW BEJIWYHHBI X U OBLI
IIOJIYY€EH PsJt €€ 3HAYEHUM: X1, X2,..., Xn.

B Teopun BepOSITHOCTEN ITOKAa3aHO, YTO HAWIYYILIEH OLICHKOM MCTMHHOIO 3HAYEHUS U3Mepsie-

MOl BEIMYMHEI SIBIISIETCS €€ cpeiHee apudmerndeckoe 3HadeHne. Cpeanee apupMeTHIecKoe 3Have-

HHUC HSMCpHCMOﬁ BCIIMYHHBI <X> (CFO 4aCTO HA3bIBaAIOT MAaTEMaTH4YCCKUM O)KI/II[aHI/IeM) OIpeaAcIArOT

o gopmyie:

W3mepenHble 3HaYEHUS Xi B OOJbINEH UM MEHBIIEH CTENeHH PacCesHbl OTHOCUTEIBHO Cpell-
Hero apudMeTnieckoro 3HadeHus. Hanbomee ynotpeOuTenbHOM Mepoid, XapaKTepu3yollel CTeeHb
paccestHUS BEIMYUHBI X, SBISIETCS oucnepcus. J{ucnepcuio onpenensor no Gopmyre

> (x—(x))

D= i=1
n-1

Bemunny S, =+/D = HAa3bIBAIOT CPEOHUM KBAOPAMUYUHBIM OMKIOHEHUEM.

HJ'ISI OLICHKHU TOYHOCTHU OMPECACIICHUA CPCAHCTO SHAYCHUA <X> HCIIOJIB3YIOT BEJINYHNHY, HAa3bIBA-

EMYIO CPeOHUM KEAOPAMUYHbIM OMKIOHEHUEeM CPeOHeZ0 3HAUeHUsA VI CHAHOAPMHBLIM OMKI10-
HeHuem cpeoHezo, KOTOPYIO BBIUUCISIOT 10 (hopmyrie

Urak, nefictBue HempeackazyeMbIX (GakTopoB MIPUBOAMUT K TOMY, UTO PE3yJIbTaThl MPSMBIX U3-
MepeHu (PU3MIECKON BEIIMYMHBI B OOJIBIICH MM MEHBIIEH CTENIEHU OTINYAIOTCS OT HCTHHHOTO €&
3HAYEHHUS, T.€. ONMPEACISAIOTCA C HEKOTOPOM MOrpelIHoCThi0. BennunHy norpenHoctd 0003HavaoT
Kak AX Y IpU BBIIOJHEHUH JIAOOPATOPHBIX PabOT B Kypce (PM3NKK NPUHUMAIOT PaBHOU AX = S<X> .
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[Ipu 3amucu pesynbraTa U3MEpPEeHH HEOOXOAUMO BETUUYHMHY MOTPEIIHOCTH AX OKPYIIUTH 10
MepBOI 3HAYAIIEH UQPBI, €CITU OHA OTIIMYHA OT SAUHUIIBI, ¥ 10 BTOPOH udphI, eciu rnepBasi paBHa
enUHUIe. 3HAYAIMMH ITU(PPaMU YUCIIa Ha3bIBAIOT BCE €ro HU(MPBI, KpOME HYJICH CTOSIIHNX JIEBEe Tep-
BOH, OTJIMYHOW OT HYJIS TUDPHIL.

Cpennee 3HaYeHUE U3MEPSEMON BETUUYMHBI OKPYIIISIFOT J0 TOTO K€ pa3psja, 4TO U MOTpell-
HOCTh. Ecnu orOpackiBaemas nudpa paBHa 5, TO MoclieAHIO0 HU(PY YUCIIa HE U3MEHSIOT, €M OHa
YeTHAasl, U YBEJINUYMBAIOT HA €JUHUILY, €CJIM OHA HeueTHAasl. OKOHYaTeNIbHbIN pe3yJIbTaT NPsSMbIX U3Me-
pEHUI BEIMYMHBI X 3alIUCHIBAIOT B BUJIE:

X =(X)+AX.

2.3. OnpeneieHne MOrPeNIHOCTH KOCBEHHbBIX U3MepeHuil

B KOCBEHHBIX M3MepeHUsX olpenesseMas BeIMUMHA BBIYUCISETCS MO pe3ysbTaraM MpSIMbIX
W3MEPEeHHI APYTruX BEIHYUH, OT KOTOPBIX OHA 3aBHCUT, C IOMOIIBIO (HOPMYJ WM APYTUX aITOPHUT-
MOB, MOJIYYEHHBIX TEOPETUUECCKUM ITYTEM.

Ecnu sxcriepuMeHTBl TPOBOASITCS B UIGHTUYHBIX YCIOBUSIX, TO U3MEPEHUS HA3bIBAIOT PAGHO-
mounbimu. Eciu yclioBus, B KOTOPBIX BBITIOTHSIOTCS MPsIMbIe U3MEPEHUS, H3MEHSIOTCS, TO TaKue
W3MEPEHHS Ha3bIBAIOT HEPAGHOMOUHBIMU.

MeTtonuka OIIeHKH KOCBEHHBIX IMOTPEIIHOCTEN B CIIyyasix paBHOTOUHBIX U HEPABHOTOUHBIX U3-
MEpEeHHI pa3InyHa.

[TycTh HEOOXOAMMO OMPEENUTh YUCICHHOE 3HaUeHuE (hr3nueckoil BennunHsl F, u3smeputs Ko-
TOPYIO MPSIMBIMU METO/IaMU HEBO3MOXKHO, HO M3BECTHO, KaK OHA 3aBHCHUT OT BEJIMYMHBI X, 3HAUYCHHE
KOTOPOU MOKHO MOJYYUTh IPH MPSMbBIX PABHOTOYHBIX U3MEPEHUSIX.

Haunyumiee npubnuxeHne kK ICTHHHOMY 3HaUY€HUIO BeMnuuHbl F momydatot, ecnu B pyHKIHO-
HaJIbHYIO 3aBUCUMOCTh F = f (x) moacrapnsitor cpeanee apumMeTuieckoe BETUYHUHHI X, T.€.
HawTydIlee NpuOInKeHne K UICTHHHOMY 3HAaUYeHUI0 BeMMuuHbI F paBHO

(F)=f((x))-

O1neHrM abCONMIOTHYIO MOrpemHocTh AF KOCBEHHOTO M3MepeHMs BenuuuHbl F, koTopas o0y-
CJIOBJIEHA TEM, YTO MCTUHHOE 3HAYEHUS X JISKUT BHYTPH HHTEPBAJIa C TPAHULIAMU <X> + AX . ITo aToii
npUyMHe abcomoTHas norpemHocT AF BennuuHbl F npeacrasiser coboil npupatienue GpyHkuun
f(X) mpu npupameHu apryMeHTa X Ha BEJTMUYUHY a0COIIOTHON MOTPEIIHOCTH AX €ro u3MepeHusl.

[Tpu masnbix 3HaYeHuAx AX mnpupamienne AF MOXXHO BBIPa3UTh NPUOIMKEHHBIM PABEHCTBOM

d(f(x
ax | _
x=(x)
rae npousBogHast 1o x ot pynkuuu F = f (x) Gepercs B Touke X = <X> .

HO}I OTHOCHUTEIIbHOU MNOrp€IHOCTHEI0 KOCBECHHOI'O M3MEPCHHA BCIUMYMWHBL F 6y21€M IIOHUMAaTh

OTHOIlIEHHE aOCONIOTHOM MOTpemHOCTH AF K cpelHeMy CTaTUCTUYeCKOMY €€ 3HaueHUIOo

(F)=F((x)), Te.

nim
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_1 df(x)
f(x) dx

AX.
x=(X)
Y4auTeIBaeM, 4TO

d 1 df(X)
—(n(f =——>.
dx n( (X)) f(x) dx

Torna BeIpakeHue JUIst OTHOCUTEIBHOM MOTPEITHOCTH MPUOOPETACT BUT

~ d(¢nf(x))

E=—-——"- AX.

[lepeiiném k ciydvaro, koraa BenuunHa F sBisieTcss pyHKIMEH HECKOIbKUX MEPEMEHHBIX, T.C.
3aBHCHUT OT HECKOJIBKUX BEITUYHH X, Y, Z, 1, ..., p. [Ipu aTOM (pyHKIIMOHANTEHAS 3aBUCUMOCTD UCCIETY-

eMOl BeIUYUHEI F :f(x,y,z,t,...,p) OT BENIMYHH X, Y, Z, t, ..., P, 3HAYCHUS KOTOPBIX MOTYT OBITH

HU3MCPCHLI B XOA€ IPAMBIX PABHOTOYHBIX I/I3MepeHI/II71, TroJiaraeTcst H3BECTHOM.
HaI/IJ'IyLIH_II/IM HpI/I6J'II/I)KeHI/IeM K UICTUHHOMY 3HAYCHHUIO HEW3BECTHOU F, KakK IIOKa3aHO B MaTec-
MaTH4eCKOMN CTAaTUCTHKEC, ABJIACTCA BCIMYUHA, OIIPEACIIACMAsl 110 (bOpMyJ'Ie

(F)=F((x).(y).(2).(t} -(p))
e <X> , <y> : <Z> : <t> <p> — cpenHue apudMeTnyecKre 3HaueHus BeIUYUH X, Y, Z, t, ..., P, KOTOpPBIE

ObUIN TOJTy4EHBI B Pe3yJbTaTe MPSIMbIX U3MEPEHH 110 METOIMKE, PACCMOTPEHHOH BBIILIE.

ITocne BbIUMCIECHUS TPUOIMKEHHOTO 3HAYEHUsI UCKOMOM BennunHbl F HE0OX0IMMO OLIEHUTH
MIOTPEIIHOCTD MOJIYYEHHOTO PE3YJIbTaTa.

Hcxonum U3 NpeAronokeHus 0 TOM, YTO Pe3yIbTaThl U3MEPEHUM KaX10M U3 BEJINYMH X, Y, Z, t,
..., P HE 3aBUCAT OT 3HAYEHUN OCTaJbHBIX BEJIWYUH, 4, 3HAUYUT, U NTOTPEIIHOCTH U3MEPEHMSI ITHX Be-
JIMYUH HE 3aBUCAT APYT OT Jpyra, MO3TOMY KaXKyl0 YaCTHYIO MOTPELIHOCTh (BKJIAA B OOILYyIO IO-
I'PEIIHOCTb OAHOM U3 UCXOHBIX BEJIMYMH X, Z, t, ..., P) MOXKHO HaXOAMTh, MoJIarasi orpelIHoCTH BCeX
JPYTUX BEJIMYUH PAaBHBIMU Hy0. OTCIO/A CIENYET, 4TO:

1) kax1ast yacTHasi HOTPEIIHOCTh HAXOAUTCS MO MPABUITY HAXOXKIECHHS TOTPEIIHOCTH U3Mepe-
HUS BEJIMUMHBI, ABIISAOLIEHcs (QyHKIHEH TOJIbKO OHOM MepeMeHHOMH;

2) npeanoiaokeHre 00 OTCYTCTBHM MOTPEIIHOCTEHN Y IPYTUX apryMEHTOB, COOTBETCTBYET IPE/-
MOJIOXKEHUIO 00 MX MOCTOSIHCTBE, NO3TOMY MPHU HAXOXKJIEHUH YaCTHOM MOTPEUIHOCTH MO HEKOTOPOU
BEJIMYMHE CJIELYET ONPEAEIATh YACTHYIO MPOU3BOIHYIO 10 ITON BEJIUUYUHE:

AR, < 2., P) AX
oxX x=(X),y=(¥),....p=(p)

AFy — M Ay,
oy X=(X),y=(y),....p={p)

aF, = 2fYe.P) AP.
op x=(x),y=(y),-.p=(p)

YactHas npou3BonHas (PyHKLIMU HECKOJIBKUX MEPEMEHHBIX MPEACTaBIIET COO0H OOBIKHOBEH-
HYIO0 IPOU3BOIHYIO (DYHKIIMH OTHOM MepeMeHHON npH (PUKCUPOBAHHOM 3HAYEHUH JPYTHX MEPEMEH-
HBIX:
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of(x,y,z,t,p) g
- 'x
OX

of(x,y,z,t,p) _t

(X,y,z,t,p), rae Y,z,t,p = const

y(X,¥,2,t,p), tie X,z,t,p = const

of(x,y,z,t,p) _f
op

YacTHble MPOU3BOAHBIC BBIYUCISIOT MO (OpMyJaM W MpaBUIIaM BBIYMCICHUS POU3BOIHOM

o (X.¥,2,t,p), e X,y,z,t = const

(GyHKIMY OHOM NEPEMEHHOM, CUMTAs IIPH 3TOM JIpyTHe epEMEHHbIE KOHCTAaHTAMHU.

A6comorHast morpemHocTh AF Bennuuubl F =f (X, Y,Z,t,..., p)) MOJKET OBITH BBIUMCIIEHA, KAK

3TO IOKAa3aHO B MAaTEMATUYECKON CTaTUCTHUKE, 110 GopMyIIe:

AF = \/(AFX)Z +(AF)) ++(AF,)

HJIN

2 2

of 2 of
AF = (a—j (AX) 4., + = (Ap)2 ,
X Jx=(x).p=(p) P x=(x)....o=(p)

of
rIe a_x enns % — 3HAYEHUS YACTHBIX MPOU3BOMHBIX QyHKIMHU T (X, Y,Z,t,..., p) I10 IEPEMEHHBIM X, Y,
Z, t, ..., p COOTBETCTBEHHO. J[JIsl BBIYMCIIEHUS 3TUX 3HAUEHUI B BBIPAXKEHUS, MTOJIyY€HHbIE TIpU 1U(-

depennupoBannu pyHkmuu F=f (X, Y,zZ,1,..., p) , TIOJICTABIIAIOT CPEIHNE apU(PMETUUECKHE apTyMEH-

TOB 3TON (QyHKIIMH, O YEM HAIIOMHHAIOT HHXKHUE UHAEKCHI Y IPOU3BOIHBIX.

Ecnu HexoTopast Benu4KMHa, BXoAdas B GopMyly A onpeaeaeHus BeauduHsl F, B TaHHOM
OIIBITE HE U3MEPSIETCS, a B OMMCAHUY JIAOOPATOPHOI pabOThI MM Ha 1a0OPaTOPHON yCTaHOBKE MpU-
BEJICHO TOJIBKO €€ YMCIEHHOE 3HAY€HHE, TO IOTPEIIHOCTD 3TON BEIMUMHBI IPUHUMAETCSL PABHOM T10-
JIOBUHE €IMHMIIBI TIOCIEIHETO Pa3psiia YUCia, KOTOPBIM 33aHO 3HaYE€HUE ITON BEIINYUHBI.

PaccMoTpuM MeTOAMKY OIpENeNeHHs] MOIPEHIHOCTH KOCBEHHBIX HW3MEPEHHH BEJINYMHBI

F=f (X, Y,Z,t,..., p) MIPU HEPABHOTOUYHBIX U3MEPEHUSIX, KOTJIA YCIOBHS SKCIIEPUMEHTA U3MEHSIIOTCS.

Hanpumep, B 1aboparopHoit padote Ne 9 mpu onpeseneHnn yCKOpeHHsi CBOOOTHOTO TaieHUs epH-
OfIbl KoJIeOaHUH (PU3MUECKOr0 MAasATHUKA M3MEPSIOT JJISl Pa3IMUHBIX MOJIOKEHUH TOYKHU ITO/IBECa, B
naboparopHoii padote Ne 15 npu nuzmepeHun kKo3ppuimeHTa BI3KOCTH BOAHOTO pacTBOPA MIIUIEpUHA
HCIOJIB3YIOT IAPUKHU Pa3InYHOIO pa3Mepa.

IIpu HEepaBHOTOYHBIX KOCBEHHBIX M3MEPEHMSAX CpellHee 3Ha4eHHEe M aOCONIIOTHYIO IMOTpell-
HOCTb BBIYMCIIIIOT QHAJIOTMYHO CIIy4aro MPSIMBIX U3MEPEHUH, @ UMEHHO:

- cHayaja Haxonar 3Hauenus F =f(X.,y.,z.,t.,....,p: ) ;
I | | | | |

1 n
- lajiee OMpeeNsIioT CpelHee 3HAaUCHUE <F> = —z F:
n
i=1
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- 3aTCM BBIYUCIIAKOT CPECAHEC KBAAPATUIHOC OTKIIOHCHUC CPCAHCTO 3HAYCHUA S<F> =

5
- OIPEIEIIAIOT MOTPEIIHOCTh KOCBEHHBIX HEPABHOTOUHBIX H3MepeHHit o ¢popmyne AF = S<F> .

Pe3ynbrar KOCBEHHBIX H3MEPEHUN 3aIIUCHIBAIOT B BU/JIE:
F= <F> + AF,

rae AF — aBGcomtoTHas MOrpeuIHOCTh U3MEPEHHS BeIMYUHbI F.
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2.4. [IpaBuiia nocTpoeHusi rpapuKkoB

Jlnist mpencTaBieHus pe3yJIbTaToB U3MEPEHHI B HATTISIIHOW (OpME | ISl YIIPOIIECHUS MPOIe-
IypbI COITOCTABIICHHUS TEOPETHUECKUX M IKCIIEPUMEHTAIBHBIX 3aBUCHMOCTEH (PH3MUECKUX BEITUYNH
OT MapaMeTPOB, ONPENENSIONIUX UX 3HAYCHUE, CTPOSIT rpaduku. [Ipu UX MOCTPOCHUH CIIEAYET BbI-
MOJTHSTH CJICAYIONIHNE TIPaBUIIa;

1. IIpex e Bcero HEOOXOIMMO OTPEACTUTD, KaKas IEpeMEHHAst BEJTMUNHA SIBJISIETCS] apTyMEH-
TOM, a Kakasi (PyHKI[HEW 3TOro apryMeHTa. 3Ha4eHHUsI apryMEHTa OTKJIabIBAIOT MO0 TOPH30HTAILHOM
ocu (ocu abcuucc), 3HaueHust GYHKIUU — 110 BEPTUKAIBHOM ocH (OCH OpAUHAT).

2. Ha KoOpIuHATHBIX OCSIX TPa(HKOB TODKHBI OBITh YKa3aHbl 0003HAUEHHSI OTKJIAIBIBACMBIX
BEJIMYMH M CIWHUIBI UX m3MepeHuid. [Ipu 3ToM och abcuucc MONKUCHIBAIOT ClIpaBa BHHU3Y, a OCh
OpJIMHAT — CJIeBa BBEPXY, C YKa3aHHEM Ha3BaHMS WIIM CUMBOJIA OTKJIaIbIBAEMOM 110 OCH BEITHYUHBI, a
qepes 3arsITyo — SIUHUIBI e€ u3MepeHus. Eciu 1Mo ocu MpUXOIUTCS OTKJIA/IbIBaTh MHOTO3HAYHBIC
YKCIIa, MHOXKHUTEIb, YKa3bIBAIOIIUI TOPSIIOK YHACIIA, TPUBOJIAT P 3aITUCH 0003HAUCHUS (PH3UIECKOU
BEJIMYMHBI, COOTBETCTBYIOIIECH TaHHOH OCH.

KoopauHaThl 3KCIIEpUMEHTABHBIX TOYEK Ha OCSIX HE IMOKA3bIBAIOT, M BHIHOCHBIC JIMHUH, OTIpe-
JEISIOIINE ITH KOOPAMHATHI, HE TIPOBOJISAT.

3. O0nacTts, BbIIeJICHHAS AJIsl TOCTPOEHUS rpadrKa, JOHKHA ObITh HCIIOIb30BaHA B MAKCUMAITb-
HOW CTENICHU, TOITOMY, BO-TIEPBBIX, HAYAJIO KOOPAMHAT MOXKET HE COBIA/IaTh C HYJCBBIMU 3HAUCHH-
SIMU BEJIMYHH, BO-BTOPBIX, MacIITad BEIOUPAIOT TaK, YTOOBI TpaK 3aHMMAJ BCIO TIOBEPXHOCTh, OT-
BEJICHHYIO JIJISl €r0 M300paKEHUs U, B-TPEThHUX, MACIITA0BI 110 0OCHM OCSIM BBIOUPAIOT HE3aBUCUMO
IpyT OT Jpyra.

J171s BBITIOTHEHUS ATUX YCIOBUI MPEXkIe BCETO OMPENEISIFOT O JaHHBIM, TPUBEIEHHBIM B CO-
OTBETCTBYIOIIEH TabmuIle, mpeenbl U3MEeHEHUs apryMeHTa u pynkuuu. Ix HauMeHsbIee 1 Hanbob-
1iee 3Ha4eHHs] OOBIYHO OMPEENAIOT HHTEPBAbl 3HAYCHUI, KOTOPHIE OTKJIAIBIBAIOT MO OCSIM KOOP-
nuHaT. B cnyyae MTMHEHHBIX KAl YUCIOBOM MaciTab 0OBIYHO BHIOMPAIOT B BUAE PABHOOTCTOSIIUX

110 3HAUYEHHMIO YHCell TaK, 4YTOObI coceqaue 3HaueHns ormmyanuch Ha 10", 210" wm 5-10", roe n —
T000€ 11e710€ TOJI0KUTENbHOE WM OTPULIATENILHOE YUCIIO.

4. MacmtaOHbIe JEeHUsT Ha KOOPJIUHATHBIX OCSIX CJIEyeT HAHOCUTh PAaBHOMEPHO (B cliydae
JUHEWHOM IIKaJIbI) BAOJIL BCEH MIMHBI Kax10i ocu. [lo ocu abcuucce mudpsl 4MUCIOBOTO MaciiTada
MUIITYT O] PUCKaMH, TIO OCH OPJIMHAT — CJIEBa OT PHUCOK.

Ecnam B oTHUX OCSIX CTPOSIT pa3IMYHbIE 3aBUCUMOCTH, MOJTYYEHHBIE, HAIIPUMED, TIPH Pa3HBIX
YCIOBHSX JKCIEPUMEHTa, TO TOYKUA TAKUX 3aBHCHUMOCTEH CJEAyeT OTMeYaTh Pa3HBIMU 3HAYKAMH
(xBagpaTamMu, Kpy»KKaMu, KpeCTUKaMH U T.I1.).

5. Ha tex yuacTtkax rpaduka, rjae BO3MOKHBI TAKHE€ OCOOEHHOCTH, KaK PE3KOe M3MEHEHUE KPH-
BU3HBI, MAKCUMYM, MUHUMYM, TIEPETHO U 1p., cleayeT OpaTh OONbIIYIO TYCTOTY SKCIEPUMEHTAb-
HBIX TO4eK. UTOOBI HE TPOITYCTUTh TaKHE€ OCOOCHHOCTH, TpaduK CIEAyeT CTPOUTHh HETIOCPEACTBEHHO

BO BpEMs SKCIICPUMECHTA.
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6. Ecim coemuHUTD BCe SKCIIEPUMEHTAIBHBIE TOYKH OTPE3KaMHU MPSIMOH, TO Ha Tpaduke mory-
YHUTCS IOMaHas JUHUS, KOTOpas HE UMEET HUYEro 00Iero ¢ ICTUHHON (U3NYECKON 3aBUCUMOCTBIO.
I'paduk sxcnepUMeHTaIbHBIX JAHHBIX CJeIyeT IPOBOIUThH HE IO TOUYKAM, a MEXI1y HUMHU TaK, YTOOBI

YHCJIO TOYCK Haa H 1104 Fpa(l)I/IKOM OBLIO HpI/I6J'II/ISI/ITeJ'IBHO OJNMHAKOBO. OOBIYHO PEKOMECHAYCTCA
IIOJIB30BAaThCs 3PUTCIBHBIM OIMYINCHHUEM PAaBCHCTBA HYIIIO CYMMbI IMOJIOXKUTCIBHBIX U OTPULATCIIb-
HBIX OTKJIOHEHHH TOYCK OT HpOBO,Z[HMOfI KpHBOfI. Ecnu n3BecTHO MaTeMaTHYECKOE OIMMCAaHUe HAOII0-
HaCMOﬁ 3aBUCHUMOCTH, TO Fpa(l)I/IK, II0 BO3MOXXHOCTH, JOJDKCH €My COOTBETCTBOBATh. OTknoHEeHUS

N

C -5 3 3-8 0008 0% 0-0% ¢ 8-0-08 ¢ 01 ——

0 500 1000 1500 2000 2500 E k3B

AKCIIEPUMEHTAJIbHBIX JAHHBIX OT TEOPETUUYECKON KPUBOM O0YCIIOBIIEHBI TEM, UTO PE3YJIbTAThl U3ME-
PEHUII OJTy4at0T ¢ HEKOTOPOU MOTPEIIHOCTBIO.
[Ipu MOCTPOCHUN TEOPETUUYECKON 3aBUCHMOCTH KPUBYIO CTPOST Ha TpaduKe TaKuM 00pa3om,

YTOOBI OHA IJIABHO IIPOXO/IMJIA 10 BCEM PACUYETHBIM TOYKaM. ITO TpeOOBaHUE 00YCIOBICHO TEM, YTO

TCOPCTUYCCKUEC 3HAUYCHUA KOOPAUHAT TOYCK MOT'YT OBLITh BBIYMCIIEHEI CKOJIb YIrogHoO TOYHO.

5.5. Onucanue IBHKEHUS] B HEMHEPUHUAJbHBIX CHCTEMAX 0TCYéTa

Heunepyuanvnoii cucmemou omcuéma Hazvl8aom cucmemy, 0BUNCYUYIOCS YCKOPEHHO OMHO-
CUMENbHO UHEPYUATLHOU.

B HenHepuumaneHbIX cucTemMax 3akOHbl HbIOTOHA HE BBINOJIHAOTCS. [[elCTBUTENBHO, B HE-
MHEPLMAIbHON CUCTEME OTCUETA MOKHO YCKOPUTH TEJIO U3MEHEHUEM COCTOSIHUS  JIBUXKEHUS DTOU
cucteMbl oTcuéra. UToOb! yOEnuThCs B 3TOM, PACCMOTPUM 3aKOH MPE0Opa3OBaHUsl YCKOPEHUH Mpu
IEepEX0E€ OT HEMHEPLUUAIBHON K HMHEPLIMATIBbHON CUCTEME OTCUETA.

IIpenBapUTEIBHO NOIYYUM KAACCUYECKYIO MEOPeMY CILOMHCeHUA CKOpOocmel s Cllyvasi, KO-
rJa OfHa cHUcTeMa OTCUYETa ABMXKETCS MPOU3BOIBHBIM 00pa30M OTHOCUTENBHO JAPYTON CUCTEMBI, SIB-
JIAOLIENCS MHEPIUAIIBHOM.

[Tycte K — 3T0 cucrema oTcuéTa ¢ HauajaoM KoopAuHAT B Touke O, KOTOpYIo OyleM YCIOBHO
CUMTATh HenoABMXHOMU, a K’ —3T0 cuctema orcué€ra ¢ HayasioM KoopauHar B Touke O', koTopasi 1BU-
KeTcs IPOU3BOIBHBIM 00pa3oM oTHOCHTENBHO cucTembl K. B kitaccudeckoit MexaHUKe Mpernoiara-

CTCi, YTO paCCTOAHUA U MPOMEIKYTKHU BPEMCHHU HC U3MCHAIOTCA MPU MCPEXOAC OT OOHOM CHCTEMBI
OTCUéTa K ,[[pyFOﬁ. I[BI/I)KCHI/IC cucteMbl orcueta K’ orHocurenrHo K MOXHO paccMarpuBaTb Kak
CYMMY JIBYX JBHOKEHUH: MOCTYHnarcJIbHOTO CO CKOPOCTHLIO \70 toukn O’ u BpamarcJIbHOIO BOKPYT

ATOH TOYKH C YTIIOBOI CKOPOCTHIO €.
3HayeHHs PaNyC-BeKTOPOB I M I’ MPOM3BOILHON MaTepHaIbHON TOUKHM A B CHCTEMAX OT-
cuéra K n K’ cBsi3aHbI COOTHOIIEHHEM
=1 +T7,

rie T, — paauyc-Bekrop Touku O', u3MepeHHbIi B cucTeMe oTcuéra K.
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CxopocTh TOUKH A B HEMOABUAKHOM cucTteMe oTcuéta K Ha3bIBaloT adcoiromuoii ckopocmuio.

Ona paBHa
. dr dr, dr
V= —=—24+—, 5.11
d  dt dt -11)
WM, YIUTHIBASI, YTO
F=xXi+y]+2K, (5.12)

e x',y', z' — 1ekapToBbl KoopaAuHAThI Touku A, a i, J, K' —opTel oceli KoopauHAT B CHCTEME OTCYETa
K’, Beipakenue (5.11) MoxkHO nTpeoOpa3zoBaTh K BHIY

= T ! ’ ’ '
L ,di ,dj+ ,dk +(dx o dy's dz

— |+| = =K 5.13
° dt dat - at a ) o j (5-13)

rac VO :d— — CKOPOCTb OCTYIIATCIIbHOI'O ABUKCHUS CUCTEMbI orcuéta K’ OTHOCUTEIBHO CHCTEMBI

Opter 1, ', K' cucremsr orcuéra K’ MoryT nsmensthes B cucreme orcuéra K Tonbko Benes-

ctBue BpauieHus cucrembl K’ Bokpyr Touku O’ ¢ yriioBo# ckopocthio 2 . [Ipou3BoaHbIE IO BpEeMEHH

ot BektopoB I', |/, K' paBHBI MMHEHHBIM CKOPOCTSAM KOHIIOB STUX BEKTOPOB IPH BPALEHUH CHCTEMBI

K'’, mostom av=I" o7
, y IO aHAJIOTHH ¢ POopMyJIon V = e , | umeem

di’ [ﬁ,ﬂ’ d_]'=[()]':| d—R'=[Q,R':| (5.14)

dt dt dt
Torna
,d? ,d], ’ dR' _ | A "~ i3 Yl o #
Xty 2 E_[Q’(X I'+Y'j +zk)]—[Q,r] (5.15)
., adx'-, dy'-, dz' -, .
OueBuaHO, YTO V' = E I+ E J+ E kK" — 910 CKOPOCTbh TOUKH A B JIBUKYIIECHCS CUCTEME

orcuéta K', Ha3piBaemasi omuocumenwvhoui ckopocmoio Touku A. C yuetoMm (5.14) mpeobpasyem
dbopmyiy (5.13) k BUAY
V=V, +[ Q.7 ]+V, (5.16)

e vV, +[Q,F':| — nepenocnasa ckopocme TOUKU A. [lepenocnas ckopocms pasna ckopocmu mou

mouxu cucmemol K', uepez komopyio npoxooum mouka A 6 paccmampusaemolii MOMEHM 8peMeHU.

Taxum oOpazom, abcontomuasn ckopocms mouku A pagua cymme eé omuocumenvbHou u nepe-
HOCHOU CKOpoCmel.

Ecnu cucrema orcuéra K’ He Bpamaercs, To u3 (5.16) momydum Kaaccuueckyro meopemy cio-
JHcenus ckopocmeil

V=V, +V (5.17)

CKopocms mamepuanbHOl MOYKU 8 HENOOBUIHICHOIL CUCIeEMe OMCYEéma pagHa eé ckopocmu
6 NOOBUIICHONL cUCmeMe OMCYEma, CIOHCEHHOU CO CKOPOCMbIO NOCHYNAMENbHO20 08UNHCCHUA NO-
O0BUIICHOIL CUCHIEMbL OMCYEMA OMHOCUMENIbHO HEROOBUIHCHOIL.

AHaJOTUYHO MOITYy4aroT (pOopMyIibl TpeoOpa3oBaHus YCKOPEHUN MpU MEPeXo]e OT OMUCAHUS
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nBIKeHUA Toukd A B cucteMe orcuéra K’ x onmcanuro eé nemxkeHusa B cucreMe orcuéra K. Yera-
HOBJICHO, YTO yCKOpeHue Touku A B cucteme K, kotopoe Oynem Ha3bIBaTh afCoIl0OMHbIM, PABHO:
.
a=a +a,+a,, (5.18)
2,1 2.1 21
L, A5 dy' - dZ7 -

rae a = I+ ]+ k' — 510 yckopenue Touku A B cucreme orcuéra K', HazsiBaemoe om-
dt>  dt® © dt?

v,
+
dt | dt

dQ
_’r

HOCUMENbHBIM YCKOPEeHUem; &, = +[Q[Q,F’H — 9TO HEPeHOCHOe YCKopeHue

TOYKU A, paBHOE yckopeHuto B cucteMe orcuéra K toif Touku cuctemsl orcuéra K’, uepes kotopyro

NPOXOUT TOUKA A B paCCMaTPUBAEMbI MOMEHT BPEMEHH; 8, = Z[Q, \7'] HA3bIBAIOT KOPUOTAUCOBHIM

yckopenuem. VITak, abconiomuoe yckopenue mamepuansHoil MouKy pagHo 6eKMOPHOU cymme eé
OMHOCUMENbHO20, NEPEHOCHO20 U KOPUONUCOBA YCKOPEHUL.

[Tomy4r™M OCHOBHOM 3aKOH JHHAMHUKU MaTE€PUAIbHOW TOYKM B HEHMHEPIHAIBbHBIX CHCTEMax
oTcuéra, VISl 9eT0 BOCIIOIb3YEeMCs BRIPAKEHHEM a =a, +4a, +a’ , CBA3BIBAIOIIINM a0COIFOTHOE U OT-
HOCHTEJIBHOE YCKOPEHUs MaTepUaIbHOI TOUKH. JJOMHOKHM JIEBYIO M IIPABYIO YaCTH STOTO BBIPAXKe-
HHS HA Maccy MaTepuaibHOIN TOUKH

ma = ma, + ma, + ma’ (5.19)
Tax kak cucrema orcuéra K mHepimanbHa, B COOTBETCTBHU CO BTOPHIM 3akOHOM Hprotona
umeem, uto Ma=F, e F= Z IEJ- — Pe3yNBTUPYIONIasi BCEX CHJI B3aUMOACHCTBYSL, TIPHIIOKEHHBIX K
]
MaTepUaIbHOI TOUKe. DTO IO3BOJISET 3aMICATh OCHOGHOE YPAGHEHUE OUHAMUKU OBUNCEHUA Mame-
PUANILHOT MOYKU 8 HEUHEPUUANBHOIL CLiCHeMe OmcYéma B CIICYIOEeM BH/E:
ma’ = F—md, — ma, (5.20)
Ero MoxHO IIpHBECTH K BHY, aHAJOTHYHOMY IO opme BTOpoMy 3akoHy HproToHa:
ma’ =F+F, +F, (5.21)

. _ dv, aQ
e Fy=-ma,=-m at m E,r

- m[ﬁ [ﬁ,?’:ﬂ HA3bIBAIOT MEPEHOCHOU CUIOU UHEpUUU, A

IEk =—-ma, = —2m[fz : \7’] — KOPUONIUCOB0IL CUNIOU UHEPULU.
IlocnenHuii uieH B BBIPAXKEHHUH JUTS IEPEHOCHOH CHITbl MHEpIMH F g =—m [Q [Q , T'ﬂ Ha3bl-

BaIOT UeHmpooexcuou cunoi unepyuu. CreayeT NOMHUTH, YTO CHIIBI UHEPLUU OOYCIOBIIEHBI HE
B3aMMOJICHCTBUEM TEJI, a YCKOPEHHBIM JBUKEHUEM CUCTEMBI OTCUETA, B KOTOPOU OHU MPOSIBIISIOTCS.
OHHU CyIIECTBYIOT TOJBKO JIsl HAOTIOATENs, HAXOIAIIETOCs B JAHHOW HEMHEPITHAIBHON CUCTEME OT-
cuéra.

[TycTh MaTepHanbHasi TOYKA JBUKETCS CO CKOPOCTBIO V' M yCKOpEHHEM &' B HEMHEpPIHAIb-

HOM cHUCTeMe, CBI3aHHOM ¢ 3eMiéii. DTa cHCTEMa BpAIaeTCsl ¢ MOCTOSHHOM YIITOBOM CKOPOCThIO L2

_dv
BOKPYT OCH, IEpEMEIAI0IIENHCs TOCTYATEIbHO C YCKOPEHUEM A, = d_to OTHOCHUTEIJIbHO HHEPIHAIIb-

HOM cucTteMbl oTcuéra. Tak Kak ymioBas CKOPOCTb BpaleHHs 3eMJIM IMOCTOSHHA, BBIpaKEHHE

aQ
_’r

m = 0. OcHOBHOE ypaBHEHHUE JUHAMHUKU B HEMHEPIMAJIBHON CHCTEME OTCUETA, CBA3AHHON
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¢ 3emi€il, TPUHUMAET BUJT

ma’ = F—md, + mQ’R +2m[ V' Q3 ], (5.22)

rie F — pesynprupyromas cui B3auMOICHCTBUS, ICHCTBYIONIMX HAa MaTepUalibHYIO TOUKy; R — pa-
JINyC-BEKTOP, MEPIECHIUKYISIPHBIA K OCH BpallleHHUs 3eMJIM U XapaKTePU3YIOIIUN MOJI0KEHNEe MaTe-

pHaHBHOﬁ TOYKH OTHOCHUTEILHO STOM OCH, mQZR - HCHTpO6e}KHaH CHJIa UHEPpIMHK, HAIIpaBJICHHAA
OT OCH Bpalll€CHHUA NCPICHAUKYIIAPHO K Heﬁ, v — CKOPOCTb ABUKCHUA MaTepI/IaJIBHOﬁ TOYKHU OTHOCH-

TENBHO 3eMIIH; Zm[V',Q} — cwita Kopuonuca, nepneHauKyisipHasl INIOCKOCTH, B KOTOPOM JiexKar

BEKTOp CKOPOCTU MaTepuaIbHONU TOYKU M BEKTOP YITIOBOI CKOPOCTH BpallleHUS 3eMIIH.
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[1pu cocTapieHNH BAPHAHTOB JOMAITHHUX 33aHHUN HCIOJB3YIOTCS UICTOUHHUKH, IPUBEIEHHBIC B ONO-
IrorpauuecKoM CIIHCKE.
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