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Ha3naueHue U CpOKH BBIIOIHEHUS] MEPOIIPHUITHH 110 peann3aiuu Bcex GopM 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 CMBICIIOBasi HAITOJIHEHHOCTh, 00BEM U CPOKHU BBITIOJIHEHHS] CAMOCTOSITEIBHOM
paboThI, COOTBETCTBYIOT YUEOHBIM IUIAHAM OYHOU (OpPMBI 00ydYeHHs 1O AuCIUILTUHE "BBenenue B
¢uzuky" Hanpasnerus noArotoBku 08.03.01 Cmpoumenscmao.

I. Ilesip ¥ 3a/1a4¥ BBIOJHEHHSA CAMOCTOSITEILHON paboThl Ho Jucuuiuinie "Beenenne B dbu-

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 (DUBHUKH.

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
S T G I N -
\7(t)= - A;—B—2 +J- B—S—A; , rie A, B — NOCTOsHHBIE BEIWYUHBI, |, | — €JUHUYHBIE
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 €&
o= (Y s Y
YCKOpPEHHE 3aBUCUT OT BPEMEHH IO 3aKOHY a(t) =1 A(;) +]- B(;j , Tne A, B — nocrostHHas

BEJIMYMHA, |, | — CAMHUYHBIC OPTHI B JICKAPTOBOW cHcTeMe KoopauHar. HaifTu TaHreHc yria, moa
KOTOpPBIM OyZIeT HalpapJeHa CKOPOCTh YacTHIIBI K OCH X B MOMeHT Bpemenn t=1 c, ecmu t1=1 c, 4
=2 m/c?, B=3 m/c%.
a)l,1 6)0,9 8)0,7 r)0,5 10,3
3. CKOpOCTh YacCTHUIIBI U3MEHSCTCS BO BPEMEHH 110 3aKOHY V = 5t-f+12t-]. Yemy paBHa BeIMUMHA
TaHTCHIMAIFHOTO YCKOPEHUS YaCTHIIBI B MOMEHT BpeMeHH ¢ = 1 ¢?
a) 26 M/c? 0) 13 m/c? B) 17 m/c? r) 34 M/c?
4. Yactuna OBWKETCS BIONb OKPY)KHOCTH C PaanycoM | M B COOTBETCTBHH C ypaBHEHHEM

o(t) = 2n(t3 -12t+ 24) , TIIe (—YTOoJI B pagranax, t —Bpems B ceKyHaax. UeMy paBHO TaHTCHIIHAIb-

HO€ (KacaTellbHOE K TPAeKTOPUHU) YCKOPEHHUE YacTULIBI (B M/ c? ) B TOT MOMEHT BpEMEHH, Korjia eé

HOPMAaJIbHOE YCKOPEHHE PaBHO HYIIO?
a)6ém 0)12n B)24m r1)36m
5. YacTuiia U3 COCTOSTHUS MOKOS Hayaa ABUTAThCS 10 AyTre OKpYKHOCTH paauyca R =1 M co ckopo-

y t y
CTBhIO, MOAYJIb KOTOPOM 3aBUCUT OT BPEMECHH I10 3aKOHY V = A- P Haiitu TanreHc y1riia MEXKAY BCK-

TOPOM TIOJTHOTO YCKOPEHHS ¥ BEKTOPOM CKOPOCTH 4acTHUIll Yepe3 Bpems t=1c, ecmm 1=1c¢c. 4 =2

M/c.
a)2 6)3 B4 15 06

Homawnee 3aoanue Ne2
1. qaCTI/IHa JABMDKETCSA B IINIOCKOCTH TaK, 4YTO eé I/IMHy.]'II)C 3aBHUCUT OT BpeMeHI/I 10 3aKOHy

7 8
— irg t - ot
p(t) =i -A(—] +]- B(—j ,rne A, B —ocTosiHHbIE BETUYHUHBIL, |, | — €IUHUYHBIE OPTHI B ACKap-
T T

TOBOIA cHCTEME KOOpAMHAT. HaliT TaHreHe yIia Mex/Ly OChIO y M BEKTOPOM CHIIbL, IEUCTBYOIIEH Ha
vactuiy B MoMeHT Bpemenn t=1 ¢, ecmm t1=1 ¢. 4 =2 kr-m/c, B=3 kr-m/c.
2)0.98 60,88 B)078 1)0,68 x)0.58

2. UmMmynbe Tena P; U3MEHWUICS TOJ JEHCTBUEM KOPOTKOIO yiapa u

o

hY

|

Py — ] CTall paBHBIM [, , KaK MOKa3aHO HAa PUCYHKe. B kakoM HampaBieHHH

24 71 o

L JercTBoBaja cuia?

-t a)l 6)2 B3 n4

4 3. IlepneHIUKYAIPHO OIHOPOIHOMY TOHKOMY CTEP)KHIO MAcChl m W
JUTMHOM [ poXonmaT ABe mapaiienbHbie ocu. OIHa TPOXOIUT yepe3

HeHTp Macc crepkHa C, a Apyras d4epe3 : 9 .4 TOUKY 0, JISXKALLYIO Ha

paccTosHHM X OT ero koHua 4. Bo ckonbko < v pas OTIIUYAIOTCS MOMEHTBI

WHEPIUU CTEPIKHSI OTHOCUTEIBHO 3TUX ocel? m =2 kr, [ =3 M, x=1m™M

k J
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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 NPaBUIHHOE COOTHOIIICHHE MEXTy MOMEHTAMHU WHEPIIUH 3TUX JIeTa-

S| neit orrocuTensHO ocu OO0

o

S T ahs el §) h<l=l; ) L<l<l
B ’ i I') HE XBaTaeT TaHHBIX
5. MaJieHbKUH apHUK IIOMECTUIIH B TOYKY C PaINyC-BEKTOPOM [ = T-A+] .B+k-C.B HEKOTOPBIH
MOMEHT Ha IIAPHK MOJEHCTBOBAIN CHIIOl F = i D+]- E+k-G. Haiitu IIPOEKLUI0 MOMEHTA CHJIBI

Ha OChb X OTHOCUTENIbHO Hauyana koopauHatr. A, B, C, D, E u G — HEKOTOpbI€ TOCTOSIHHBIE; T, ], K —
€IMHUYHBIC OPTHI B ICKAPTOBOM cucteme koopauHar. 4 =2wm, B=3wm,C=4m, D=4 H,E=5H,
G=6H.

a)-2Hm 06)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

v .
YCKOpEHHUe a; = P 0. 3HauuT B KaXKI0i TOUKE TPACKTOPUH IOJHOE YCKOPCHUE PABHO HOPMAJIb-

2
\ .
HOMY YCKOPEHHIO, KOTOPOE ONPEAEISIOT o hopMmyne a, = R W3 3T0i1 PopMyIIBI CIIEyeT, 9TO IpH

MTOCTOSTHHOM CKOPOCTH HOPMaJbHOE YCKOPSHHE TEM OOJIbIIE, YeM MEHBINE PATuyC KPUBH3HBI TPACK-
topun. B Touke 2 R — 00, 1 HOpMabHOE YCKOPEHHE B 3TOM TOYKE 00paiaeTcs B HyJIb, T.€. TOJHOE
YCKOPEHHE B ATOM TOUKE JOCTUTACT MUHUMAJIBHOTO 3HAYCHHUSI, pAaBHOTO HYII0. Kak BUIHO M3 pUCYHKA
pannyc KpUBU3HBI TPACKTOPHHU B TOUKE 3 MEHBbIIIE, 4eM B Touke 1. 3 3TOTr0 Clienyer, 4To HopMalibHOE
YCKOpEeHHUeE (a 3HAYUT U MOJTHOE YCKOpPEHHEe) OyJIeT MaKCHUMaIbHbIM B TOUKE 3.

OtBeT: 3

2. HauanpHast ckopocTh yacTulpl V; = 2i +3j+5k , koHeuHas V, = 3i +4]+7k . Haiitn npuparie-
HUE CKOPOCTH YacTUIbl AV , MOYIIb IPUPAILEHHS CKOPOCTH |A\7| U IpUpalIeHUe MOJYJIsi CKOPOCTH

Av. 3nauenus ckopocteil npuseneHsl B CH.

Hano Pewienue
v, = 2i _,_3] +5k VYuuteiBas, 4To
v, —3i 4]+ 7K V=V,i+Vy]j+V,K, 3 Beipaxennit
AV —? V;=2i+3j+5k u V, =3i +4j+7k
|A\7| —9 HOJTyYaeM:
Av —? le=2M/C;Vly=3M/c;Vlz=5M/C;

Vo, =3M/¢v,, =4 m/cv,, =T M/ c.

Torna npupaiienrue cKopocTu OyJIeT paBHO

AV =(V,, —le)T+(v2y —vly)]+(v22 ~vy, )K.

[ToxcTaBuB 3HAYECHUS IPOSKIUI CKOpOCcTed V; U V, , MOTy4YuM

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

OxoHYaTeaIbHO JJI TIpUpatieHust CKOPpOCTHU 4aCTUIBI UMECM

AV=1-T+1 j+2-K.



Mopnynb npupanieHus CKOpocTH paBeH

|AV|= \/AV)Z( + AV + AV

Tak Kak AV, =V, = Vi, , AVy =Vyy =V, AV, =V,, =V, , TO

_ 2 2 2
|Av|= \/(VX2 —vxl) +(vy2 _Vyl) +(vZz —vzl)

|Av| = \/(3— 2)2 + (4—3)2 +(7 —5)2 =12 +12+2%2 = /6 ~ 2,449 (m/c) st M3MEHEHHs MOJYIsl CKO-

poctu OyzieM UMETh

2
y

2

—v. —v. = 2 2 _ [\2 2
AV =V, Vl—\/Vx2+V2+sz \/Vx1+Vy1+Vz1

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

3. Pajguyc-BeKTOp MaTepHanbHOH TOUKM M3MEHSETCA CO BPEMEHEM IO 3aKoHy F=2t3i + j+3tk.

Haiitu 3aBUCUMOCTH OT BPEMCHH BCKTOPOB CKOPOCTU U YCKOPCHHA TOUYKU U MO,Z[y.]'ICI‘/'I O9THUX BCJIIMYHUH.

[ano Pewenue
F=2t3+ j+3tk ‘ CpaBHUBas BbIpAXKEHUS
V_7v_2 F=xi+yj+zk n F=2t%+j+3tk
ia-92a-9 ‘ MPUXOJMM K BBIBOIY, O TOM YTO

X=2t3,y=1, z=3t. Torna
dy 0- _dz

_dx Wy 5,0
Yodt 7 r dt

VX_E_

Y

6t2; v 3.

XT+vy]+VZR =6t2%i +3K .

=v
v:\/v§+vf,+v§ =361 +9 =34 14 +1.

dv

d=a,i+a,]+ak=12ti. a:\/a)z( +a’+a’ = (14412 =12,

0.

Orger: V="6t%1 +3k; v=3-4-t*+1; a=12ti; a=12t

4. MaTCpI/IaJ'ILHaSI TOYKa ABMXXCTCA TaK, 4YTO eé PaanycC-BCKTOP € TCHCHHUEM BPEMCHH U3MCHACTCH 10

saxony F(t) = Ae® i + (Bt—Ct®) j— (Dcoswt) K. B kakoii MOMEHT BpeMEHH CKOPOCTb 9aCTHIBI OyIeT

HampasieHa 1o HopManu 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™ | + (Bt—Ct?) j—
—(Dcosmt)k

A=5m;a=3c!;B=18 m/c;
C=15w/c’;D=4wm;
o =2 pan/c
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B TOT MOMEHT BpeMeHH, KOTJja CKOPOCTh YaCTHUI[bl Oy/IeT HalpaB-
JIeHa 10 HOpMaJId K OCH Y, IPOEKIIKs BEKTOpa CKOPOCTH Ha ATy OCh

t—7?

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 = ?1_): = g(Bt Cts) = B-3Ct%

dt
B-3Ct’=0=t= E=2c
\/30

5. I[BI/I}KGHI/IG MaTepI/IaJIBHOﬁ TOYKH OIIMCHIBACTCA 3aKOHOM
t1 OT Hayaja JOBHUXKCHUA CKOpPOCTb TOYKHU HJOCTUI'HCT SKCTPCMAJIBbHOI'O 3HauyeHusa? B kakoll MOMEHT

OtBeT: 2 C

x = t5 — 9t2. B kaKoif MOMEHT BpeMeHH

BpCMCHU {2 Imociie Havaia JBUKECHUA CKOpPOCTb TOUKH CTAHET paBHOﬁ HYJ'IIO‘7

Hano Pewienue

dx d 3 2 2
v, =—=—|t"— 9t°)=3t" -18t.
ot dt( )

VX
CKOpPOCTh Vx DKCTpEeMajbHa IPU pm =0.

dv,

=6t-18, mostomy 6 t1 — 18 =0mt; =3 c.

Haiiném, B kakoit MOMEHT BpeMeHHU t Mocjie Havala JIBHKEHUSI CKOPOCTh 00paTuTCs B HYJIb:
_ a2 _ _
OtBer: t1=3c;t2=6¢

6. YacTuia ABHKETCA HpHMOHHHeﬁHO C YCKOPCHHUEM, KOTOPOC U3MCHACTCA C TCHCHUEM BPEMCHHU 110

3aKoHy a = Bt. B = 0,5 m/c*. Kakoii TyTh Ipoliia 4acTHIa 3a HepBble 3 ¢ Mocie Havaja

JABHXKCHHA U3 COCTOAHUA MTOKOs?

/ano Pewenue
a = Bt? dv
4 = — = dv = a-dt. UuTerpupyem JIeByI0 U MPaBYIO YaCTH MOTYUYEHHOTO YPAaBHECHHUSI:
B=0,5wm/c dt
t=3c¢ v t t
S_9 ‘ J. dv = J.adt . YuuThIBaeM, 4TO IO YCIOBHIO 3aaa4u mipu to =0 vo = 0. Torma v = J. adt.
0

Vo t
t t

[ToncTaBuB BeIpakeHHE 711 YCKOPEHUS, Oy/IeM UMETh V = .[ Bt’dt=B .[ t2dt = B% .
0 0

dt

[ToxcTaBnsieM B MOABIHTETPAIBbHOE BBIPAKEHHE KOHKPETHBIA BUJA (DYHKIIMOHATBHOW 3aBHCUMOCTHU
3
CKOPOCTH OT BPEMEHHU V = BE U TI0JTy4aeM:

dS S t
Ve— = dS=v-dt = de:jvdt.
0 0
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t .3 t 4 4
IBLdt:EJt3dt:Bt—:ﬁ:3,375(M)
ST 12 12

S

OrBer: 3,375 M
7. CKOpOCTb YaCTHUIIbI, ABMKYIIEHCS BIOIb OCH X, H3MEHSETCS 110 3aKOHY V = (A— Btz) i,rme A=

5 m/c, a B=0,2 m/c’. B HadaIbHbII MOMEHT BpeMeHH t = () yacTuIla HAXOAWJIACh B TOUKE Xo
= 0. Haiitu nyTh, NpOiIEHHBIM YacTUIEH 32 IPOMEXKYTOK BPEMEHHU, 110 UCTEUEHUH KOTOPOIO OHA
BEPHETCSI B UCXOJIHYIO TOUKY.

ano Pewienue
V= ( A— Btz)f N3 BeIpaskeHUs 111 CKOPOCTH BUJHO, YTO B HAYAJIbHBI MOMEHT BPEMEHH OHA OTJIMYHA
A=5 / OT HYJIA 1 eé MMPOCKIM: Ha OCh X IMOJIOKUTCJIbHA. 3T0 O3Ha4acT, 4TO yaCTulla HAYUMHACT
B :O ;/I C/ 3 ABUTaTbCA B HAIIPABJICHUHW, COBIIAAAIOIICM C ITOJIOKUTCIIbHBIM HAIIPAaBJIICHHUEM OCH X.
S __‘7 - M C TCUCHUCM BPECMCHHU BCIIMUMHA CKOPOCTHU YMCHLIIACTCA, U B HGKOTOpBIfI MOMCHT BpcC-

MEHHU tocr YACTHUIA OCTAHABIMBAETCS, IPONUJIS ITyTh, PaBHBIM KOOPAUHATE X YaCTULIbI B
MOMEHT OCTAaHOBKHU. B nanpHeieM MpoeKiusi CKOPOCTH Ha OCh X CTAHOBUTCS OTPULIATENILHON U
YyacTHIla HAYMHAET JABUTAThCSA K UCXOAHOM Touke. O4eBUIHO, YTO, KOIZla OHA B HEE BEPHETCSI, NMPOii-
JICHHBIN 32 BCE BpeMsI IBUKEHUS ITyTh Oy/IEeT paBeH S = 2X.

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

A-Bt}, =0 = tOCT=\/E= > _se
B \02

dx
Tak kak V= i to dx = vdt. UHTerpupys, nomyunm:

X tOCT tocT ¢ B
Idx: Ivdt:>x= I(A—Btz)dt = X=At|" -
0 0 0

tOCT
=4
3 o

[ToncraBuB mpuUBEAEHHBIC B YCIOBUY 33/1a9H JIaHHBIE, TTOTyYUM
0,2
X= 5-5—? .5%=16,67 M, a Bech IIPOMJICHHBIN IyTh S=2x=333m

OtBet: 33,3 M

8. YacTtuia ABMXKETCS B IOJ0XKUTEIBHOM HalpaBJICHUHU OCU X TaK, 4TO eé CKOPOCTb MCHSACTCA IO

3aKOHY V = DX , re D=4 m'"’c’!. B HauabHbBIl MOMEHT BpeMeHH YacTHUIA HAXOIMIIACH B
TOUKE Xo = 0. HaliTh CKOpOCTh 4acTUIIBI B MOMEHT BpEMEHH t = 2 C.
ano Pewienue

v =DvXx CoryacHo YCIIOBHIO 3a1a4u

D=4 ' _g v _dv

t=2c¢ Xodt o dt

v—2 ‘ Tak Kak KOOpMHATAa 3aBUCHUT OT BpeMeHH, T.e. X = X(t) , ckopocTh MOXKHO paccmarpu-

BaTh Kak CIIO’)KHYIO GbyHKIHIO V= V[X(t)] . Torma

d dvdx d dx
a= aVI:X(t):I = d—Xa = d—X(D\/;)E .
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X
yLII/ITI:IBaSI, yrQ0 —=V, =V HOHy‘-II/IMI
a <

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

2Jx Jx

YACTHUIIBI SIBJISCTCS. PABHOYCKOPEHHBIM, IOATOMY
V=V, +at.
Tak xax mpu t = 0 X = X, = 0, U3 BEIpaKEHUS I CKOPOCTH V = DX cienyert, 9to V, = V(X, =0)=0
. Torna
D2

v=—1.
2

[ToncTaBUB UCXOIHBIC JAHHBIC, TOJIYIHM, 9TO V = 16 M/C
Ortsert: 16 M/c
9. /IBe yactuisl B MOMEHT t = ) OTHOBpEMEHHO HAYWHAIOT ABUTAThCS TAKUM 00pa30M, UTO UX PaJNyC-

BEKTOPBI M3MEHAIOTCA 10 3aKoHaM: T, =3t°i, T,=(50-5t)i. Haiitu paguyc-exrop T, TOUKH
BCTPEYM YACTHUIl M CKOPOCTH V; M V, YacTUIl B MOMEHT t, UX BcTpeud. Bee BelIMYMHBI M3MEPEHBI B

ennuniax cucremsl CHU.

Hano Pewienue
| =3t%0 B momenT Berpeun Fy(t,) =T, (t,). Torna
f, =(50-5t)i 3t =50—5t, wm 3t>+5t, -50=0
h—?2V, —2 —5+4/ -5+
h—7?Vy =7 t, = 51++/25+600 _ 5+25 = =333 ¢
v, -2 | 6 6
f,=3t21 =3-11,09-i =33,27-1 (m).
B dr _

v (t)=—, 6t,i

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

. dr, -

V, :E:—S- I (m/c)

Otger: F,=33,27-1 (M); V; =19,98- (m/c); V, =51 (m/c)
10. /IBe yacTuLbl ABHXKYTCS C MOCTOSHHBIMU CKOPOCTSIMH vi =2 M/c 1 v2 =5 M/C IO IByM

B3aNMHO HepHeHJII/IKy.]'IﬂpHLIM HpﬂMI)IM K TOYKEC UX Hepecequm[ O B HaLIaJ'II)HBIf/Il MOMCHT BpeMeHI/I
to = 0 yacTunbl Haxoauauch Ha paccTostHUAX €1 =30 M u L2 = 60 M oT Touku O. Uepes kakoe BpeMs

IMOCJIC Ha4Yajla IBUKCHHA PACCTOSHNUE MEXK Y YaCTHLIaMU CTAHET HaUMEHBIITHUM?

ano Pewienue
vi =2 M/c
v2=5M/c Tak kak {x = €1 —Vit, a Ly = L2 — Vat, TO paccTosTHUE MEXTY
to=0 TOYKaMU oTpeIeseTCs u3 BBIPOKCHHS
01=30m
lr=60m™

t—?
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0=+ = \/(ﬂl - vlt)2 +(¢, —v2t)2 . Paccrosiue { MHHEMAIBHO B TOT MOMEHT BPEMEHH, KOT/1a
d/ .
i 0. HaxomuM NpOM3BO/IHYIO M IPUPABHUBAEM €€ K HYIIIO:

de _ 2(Ly—=vit)-(=vy)+2(L, = Vyt)-(—Vy) o,
dt 2\/(61 — vlt)2 +(0,— v2t)2
2(Ly—vit)-(=vy)+2(Ly —Vyt)-(—-V,) =0

— 0V + VL —(,V, + Vit =0

t-(vl2 +v§) = (v + 0,V

5= ~12,41c
Vi +V5 4+25

t=

OtBer: 12,41 ¢
11. Cuapsn BbUIETaET U3 OPYAUS MO YITIOM 0 = 45° K TOPU30HTY C Ha4allbHOM CKOPOCThIO Vo = 500
Mm/c. Uepes t = 20 ¢ mocse Havana IBUKEHUS, IpeHeOperas CONPOTUBICHUEM BO3lyXa, HAUTHU: a) MO-
JyJb CKOPOCTH CHapsza; 0) yroi, KOTOPBIA COCTABISET BEKTOP CKOPOCTU V € OCBIO X; B) MOAYJIU
HOPMAJIbHOTO M TAHT€HIMATBHOTO YCKOPEHUI CHapsi/ia; B) paAnyC KPUBU3HBI TPACKTOPUU B TOUKE,

COOTBCTCTBYI-OH_Ieﬁ 3aAaHHOMY MOMCHTY BPECMCHHU.

/ano Pewenue
Oo = 450
Vo = 500 M/c
t=20c
v—?2a0a-?R-7?
an—2a;—"?
-
Vg

Puc.1. Yactuia HaxoguTCs Ha HUCXOIAIIEM Y4aCTKE TPACKTOPpHUUN

Teno B rpaBUTAllMOHHOM T10J1€ 3€MJIU JBUKETCS C MOJTHBIM YCKOPEHHUEM, PABHBIM YCKOPEHUIO
cBoGoaHOoro nagenus § . [IpoeKuus MoIHOro YCKOPEHUs Ha TOPU3OHTAIBHYIO OCh X PaBHA HYIIIO, 10-
3TOMY BJ0JIb 3TOM OCH TEJIO IBUKETCA C MOCTOSHHOU CKOPOCTBIO Vx = V(' COS 0lo. BJ10JIb OCH y, HampaB-
JIEHHOW BEPTUKAJIBHO BBEPX, TEJIO ABUKETCS PABHOIIEPEMEHHO CO CKOPOCTBIO Vy = V('Sin oo — gt.

ITonHast CKOPOCTH TeNA B 33JaHHBI MOMEHT BPEMEHU t paBHA V = , /V)Z( + V§, . IllogcraBuB BBI-

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

v=\/(vO cos L, ) + (Vo Sin o ) —2(V,sin, a)gt+(at)’ -

VunteiBas, 4o COS? o, +5in’ o, =1, momyumm:

V= \/vg —2(V,sin ay ) gt +(gt )’

V= \/25-104 —2-500-%-10.2%(10-20)2 ~ 385,5(Mj .
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

tg OL:&: VySin o, —gt
Vy V, COS o,

2

500-—-10-20

2

500-——
2

tga = ~0,43 = a=233°

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

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

dv  29°%t-2g(vesina) g(gt—Vv,sin a,)
dt_Z\/vz—Z(v sin o) 2_\/ 2_ ' 2

0 0 gt+(gt) Vg —2(V,sin a, )gt+(gt)
J2

T

10-| 10-20—500-
2 M
a,= ~-3, 98(—2j .

J2 c

\/25.104 —2-500-7-10.20+(10-2o)2

3uax MUH)YC 6 8blpAINCEeHUU ons a.,_. ozHavaem, 4mo dacmuya HAXOO0UMCs HaA eocxodﬂu;eM

yuacmke mpaekmopuu. J{eiicmeumenbHo, Ha HUCX005ujeM YUACmKe mpaekmopuu CKOpocms pacmen
U MAH2EHYUATIbHOE YCKOPEHUE OOIHCHO DbIMb NONONCUMENbHBIM (puc. 1), a Ha 80cx00swem yuacmke
CKOPOCMb YaACMUYbl YMEHbUAEMCS U MAHCEHYUATbHOE YCKOPEHUe OMpUuyamensHo (puc. 2).
Yoeoumcsa 6 mom, umo uepes 20 cekyHO nocie Hawana OBUNCEHUST YACMUYA HAXOOUMCSL HA
gocxooAauemM yuacmike mpaexkmopuu. Bpems, HeoOXooumoe 015 0OCMUNCEeHUs. HAUBbICUEN TMOYKU
mpaexmopuu, onpeoensieM U3 yCio8us PA6eHCMead HYIo 8 MOU MoyKe NPOeKYUY CKOPOCmu vy:

_ V,sinay

Vy:VO'Sin (Xo*gtmax:() = tmax = = 35,4 C.

Ilo ycnosuto 3a0auu t = 20 ¢ < tmax. IMO 03HAUGAEM, YMO YACMUYA 8 DMOM MOMEHM 8PEMEHU HAXO-
OUmMCes Ha 80CX00AULeM YUACMKe MPAEKMOPUU.
Monyns a. pasen 3,98 m/c?.

Tak Kak 1osHoe ycKopeHue g = 1/af +aﬁ , TO d, = \/gz —af WIH, TIOACTABUB BBIpAXKCHHUE IJIA d ,

OyleM UMeTh:
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) : 2
. v2g? +9°t% —2(vosin o, ) g’ —g*t% + 9% 2gt (v, Sin o ) — g% (Vo sin o) Moce mpeoGpasosanuii 1o-
V2 —2(Vysin o, )gt+(gt)’

JIy4HM:
. (v, cos ay)
N = .
\/vg —2(V,sin o, )gt+(gt)’
10-500-\/2E M
an = \/E zg,Z(c—zj .
\/25-104—2-500-2-10-20+(1o-2o)2
Cooco0 2.

3 os106us TpeyronbHuKa, 06pa3oBaHHOTO CKOPOCTbIO V U €€ KomnonenTamu V, u Vy , Tpe-
YTOJIbHUKY, COCTABIICHHOMY TIOJIHBIM YCKOPEHHEM J W €ro TaHTCHIMAJIbHOW &, M HOPMAlbHOM &,
KOMITOHEHTaMH (CM. pHC. | 1 2), CIIEMYET, UTO CBA3b MEXKy MOLY/IIMU BEKTOPOB V, V,, 8, U & UMEET
a g(v, cos a

. Torma a, = ( ° 0) .
v2—2(v,sin t+(gt)’
o~ ( 0 0Lo)g +(g )

U3 HOI[O6I/I$I PAaCCMOTPCHHBIX BBIIIC TPEYTOJIBHUKOB CICAYCT, UTO CBA3bL MCKAY MOAYJIAMH

\Y
Bug = =-"1
v g

- — - — V a ~
BCKTOPOB V, Vy, a._E )51 g ONPEACIIACTCA COOTHOICHUCM e A == . I3 aToro BBIPpAXKCHUA MOXKEM HAUTU
v g
MOOYJIb a.t .
v,9 (Vosina, —gt)g

T :\/ 2 - 2’
Vo —2(V,sin a, ) gt +(gt)

s HaxoKaeHus paanyca KpUBU3HBI TPACKTOPUH B TOUKE, B KOTOPOM 4acTUIIa 0Ka3aJlach 4ye-
2
pe3 20 ¢ mocne Hayasia ABUKEHHUS, BOCIIOIb3YEMCS BEIpaXeHHEM a, = — . OTKyzaa 1osry4yaeM, 4ro
R

3
. v 3 ) (v§ —2(v,sin ao)gt+(gt)z)é
“a, 9g(vocosa,) g(Vv,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?,
ac = 3,98 m/c?, R = 16,2 km

12. CxopocTh 4acTUIbl, HAUaBUIEW JBMKEHHE W3 Hadaja KOOPAMHAT, U3MEHSAETCS CO BPEMEHEM I10
_ e 2 o
sakony V =(A—Bt)i +Ct“j. Haiitu sxcTpeMasibHOe 3HA4€HUE KOOPAMHATBI X = X| U COOTBETCTBYIO-

I0yI0 X1 KOOPAHHATY Y1, ECIH A=6wm/c; B=2wm/c%;aC=3wm/c.
Hano Pewenue
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V =(A—Bt)i +Ct?j| KoopauHara X npruHIMaeT 9KCTPEMaibHOE 3HAYCHHUE B TOT MOMEHT BPEMEHH t1, KO-
% =0 dx dx

X|,_o =Xo = TAa MPOM3BORHAN ~ - = 0. Tak Kak g VeV «(t;)=0. Ipoekumio ckopocTH

y|t:o =Yo=0 YacTULbI HA OCh X HalEM, CPAaBHUB BbIPayKEHUS

A=6wnlc V=V, i+Vv,] u V=(A-Bt)i+Ct].

B =2 wm/c? A

C=3wm0c3 Buaum, uto vV ,=A—Bt. Jlins momenTa Bpemenu t; umeem A—Bt; =0= 1t = —

9
Xy~ [ToncraBus 3HaueHust A u B, momyunM, 4To KOOpIMHATA X IPUMET SKCTPEMaIbHOE
y1—? 3HaueHue mnpu t; =3c.

Haiiném BbIpaskeHus 711 BpEMEHHBIX 3aBUCUMOCTEH KOOPJIUHAT X U Y.

T dx _ dx=v. dt. U
aK Kak E =V, TO =V, dl. VMiaTeTpHpys JIEBYIO U MPaByI0 YaCTH 3TOr0 YpaBHEHUS, MOIyUUM

X t
j - j vt
HOI[CTaBI/IB BI)Ipa)KCHI/Ie JJIA VX . 6YIICM HUMCTDH

t
j (A-Bt dt—At—gt

Y4uThIBas, 4TO X = X1 MpH t= t|, MOIyIUM, YTO

xletl—gtf

IIo u3BECTHBIM 3HAYECHUSIM A, Bu tl BBIUUCIIACM 3KCTPEMAJIBHOC 3HAYCHNEC KOOPANHATHI X, KOTOPOC

OKa3bIBaeTCs PaBHBIM X; =9 M.

T 9y ody=v.dt.u
aK KaK — - =Vy, 10 Yy =V, 0t. MuTerpupys jeByto U MPaByto YacTh 5TOTO YPABHEHHS, TIOTYIUM

y t
j dy = _[ vydt

y,=0 t,=0

CpaBHUB BBbIpaKEHUS V:VXT+V j ou vV=_(A- Bt)T+Ct2] IPUXOAMM K BBIBOLY O TOM, YTO

v
2
v, =Ct°.
HozncrasuB BbIpaxkeHHe LIS Vy, B IOABIHTETPAIBHOE BEIPAXKCHHE, OylIeM HMETh
t
C
y= [ Ctdt==t°
t,=0 3

Cs
VYuuteiBas, 4yTo y =y ipu t=t1, Oyaem umeTh Y, = §tl' [ToncraBus 3nauenus C u t;, nomyunm, 4yTo

yl :27 M.

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=At3i — Bt4] PaccmoTpum 1Ba crioco0a pemieHust STou 3a1a4u.
t=2c Crocob 1.
A =10 wm/c CkalisipHOE MTPOU3BEICHNE BEKTOPOB CKOPOCTH V U YCKOPEHHUS & PaBHO:
B = 4 m/c? (\7,5) = |\7| . |§| -COSQL, TJIE 0L — YToJl MEXTy BEKTOPAMH CKOPOCTH U YCKOPEHHS. Y Un-
o -?
o =\ o [ 2 =1 [.2 .2 6
ThiBas, uto (V,d) =V,a, +V,a,, [V|=/Vy +Vy u [a]=/a; +a) , s coso Gyxem
HAMETD:
Vyay +Vyay Vyay +Vyay L
cosa = > > > > —> oL =arccos > > > > Haiiném MPOCKINH CKOPOCTH U YCKO-
\/vx+vy-\/ax+ay \/vx+vy-\/ax+ay

PEHHs Ha KOOPMHATHBIE OCH X U Y. CpaBHUBAs BBIpOKEHHS I = Xi + y] u ¥ =Ati -Bt* ] , mpuxoaUM

K BBIBOJIY O TOM, 4TO X = At3; y= —Bt*. Torna

VX :d_X:EAt3:3At2, Vy:d—y:—EBt4:_4Bt3,
dt dt dt  dt
dv
a)(;%;i(?,Aﬁ):ﬁAt; ay:_y:_i(4Bt3)=—12|3t2.
dt  dt dt dt

[ToncTaBuB BhIpa)XeHHs ISl POESKIIUN CKOPOCTH M YCKOpeHUs, OyneM UMeTh
3AL-6AL+(-4Bt°)(-12Bt°)
JoA?t* 116825 . \[36A%? +144B2¢
B 3A% +8B%t?
- Joa? 116B%2 A2 + 4B
3Has 3HaueHus A, B 1 t, OKOHUaTeNnpHO MoMy4YnM, uTo o ~ 11, 2°.
[Tpeumy1iecTBO 3TOro crocoda peueHus 3aKII0YaeTcsl B TOM, YTO OH JIETKO 00o0I1aercs Ha

oL = arccos

TPEXMEPHBIN CIydai, KOI/a TEJIO0 JIBUKETCS HE B INIOCKOCTH, a B IPOCTPAHCTBE:
Viay +Vya, +V,a,

oL = alrccos > > > > > >
\/VX +Vy +V; -\/aX +ay +a;
Coco0 2.

Haxoznum Tax, kaK 9TO II0Ka3aHO BBILIC, IPOCKINH Ha KOOPAMHATHBIC OCH CKOPOCTH V,,Vy U
YCKOpeHHs 8y,dy . OnpesernsiemM yroin oy, KOTOpblii 00pasyeT BeKTOp CKOPOCTHU C OJJHON U3 KOOp/H-

HaTHBIX OCCI>'I, Harpumep, € OCbIO X:

v v 4Bt 4Bt
tgo, = —L = o, =arctg—L =arctg| — =arctg| ——— |.
Joa =y T AT g( 3At2] g( BA)

X X

IToncraBuB 3HaueHus A, B u t, mony4um, 4to oy ~ —46,8°.
AHAJIOTUYHO OTIpeJeNIieM yroi O, , KOTOPBIH 00pa3yeT BEKTOpP YCKOPEHHS ¢ TOW K€ KOOPAWHATHOM

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



a a 12Bt? 2Bt
tgo, =2 = o, =arctg—L = arctg| -=———— |=arctg| —— |.
gor, == a, =arctg— 9| ~oar g( A)

X X
BhIunclIeHHs TIOKAa3bIBAKOT, 4TO oL, ~ —58°. Yronm Mexmy Bekropamu V u @ OyleT Torja paBeH
o =|o, — oy ~11,2°.

Pemenue 3a1aun CyniecTBEHHO yNpOIIAETCs, €CJIM OJJHA U3 POEKIUI YCKOPEHUS Ha KOOPIU-
HaTHbIE OCH paBHa Hymo. [lycTh, HallpuMep, paBHA HYJIIO IPOEKLINS YCKOPEHUSI 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 < ) HaIIPaBJIEHUEM 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, ITIOATOMY IIPH BPAILLEHUH JHUCKA IIPOTUB 4aco-
BOH CTPEJIKM HAIIPABJIEHUE BEKTOPA YINIOBOW CKOPOCTU COBIIAJAET C HAIpPaB-
nenueMm 3. IIpu yCKOpEHHOM ABM)KEHHH, BEKTOP YIJIOBOTO YCKOPEHUS COBIIA-
JIaeT [0 HAIMPAaBJICHUIO C BEKTOPOM YIJIOBOM CKOPOCTH M TaK)K€ OPUEHTUPOBAH B HAIPABJICHUH 3.
OTBerT: B

Ommemum, yumo eciu Ovl 8pawyerue Ovli0 3aMedIeHHbIM, 6eKIMOPbL Y2080 CKOPOCMU U Y2108020
YcKopeHus ObLIUu Obl NPOMUBONOTIONHCHDL.
2. Touka M nBUXETCS MO OKPYKHOCTHU € ITOCTOSSHHBIM TaHT€HIIMAJIbHBIM YCKopeHueM. Ecinu npoek-

1151 TAHTCHIIMAJIBHOTO YCKOPEHUS Ha HallpaBJIEHUE CKOPOCTH IMOJIOKUTENIbHA, TO BETMUYMHA HOpPMaJlb-
HOTO YCKOPEHHH ...
1) yBenuumuBaeTrcsi  2) yMeHbIIaeTcs

3) He u3meHsieTcsl  4) MPaBUIIbHBIA OTBET OTCYTCTBYET
V2
HopmanbsHoe yckopeHue onpenesstor 1o ¢popmyne a, = R [Ipu nBMXEHUU MO OKPY>KHOCTH pa-

muyc R = const. Ecnu nmpoeknusi TaHreHITMaIbHOTO YCKOPEHUST Ha HAIPABJICHUE CKOPOCTH TTOJIOKH-
TeIbHA, TO CKOPOCTh BO3PACTAET 10 BenmuunHe. [[puxoaum K BBIBOAY, UTO ¢ TEUCHUEM BPEMEHHU BEJTH-
YUHA HOPMAJLHOTO YCKOPEHHS YBEIIMUNBACTCS.

OrtBer: 1

3. MarepuanbsHas Touka M JIBHXKETCS 110 OKPYKHOCTH O CKOpocThio V. Ha puc.1 nmokasan rpadux
3aBHCHMOCTH V; OT BPEeMEHH (T — €IMHUYHBIN BEKTOP MOJOKUTEILHOTO HAMPABICHHsI, V, — MIPOCK-

st V Ha 970 Hampasienue). Ha puc.2 ykakure HampaBlIeHHE YCKOPEHHs Toukrn M B MOMEHT Bpe-

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

[ToIHOE YCKOPEHHE MPENCTABMM KaK CyMMY TAHI€HIIMAIBHOTO d, M HOPMAIBHOTO &, YCKOpe-
HU: d=4d_+a,.

2
\'
Bennuuna HOpMaabHOIO YCKOPEHUs onpenensercs no popmyie a, = e U3 puc. 1 cnenyer, uto

B MOMEHT BPEMEHHU t; CKOPOCTh HE paBHA HYIIO, & U3 PUC. 2 BUIUM, YTO palyC KPUBU3HbBI TPACKTO-
PUHU UMEET MOCTOSHHOE KOHEYHOE 3HAaUeHUe. DTO 03HAYAET, YTO BETMYMHA HOPMAJIbHOIO YCKOPEHHUS
OTIIM4YHA OT HyJs1. HopManbHOE yCKOpEeHHE BCeria HallpaBIeHo 110 PAARyCy K LIEHTPY OKPYKHOCTH,
T.€. €r0 HallPaBJICHUE COBIA/IAET C HAIIPaBJICHUEM 3.

CKOPOCTB JBMIKEHHSI MATEPHAILHON TOUKU M paBHa V = VT, T.e. BEKTOpP CKOPOCTH OPUEHTUPO-

. dv
BaH B HampasiieHuu 1. U3 puc. 1 cienyer, 4To B MOMEHT BpeMeHHU t; CKOpOCTb pacTér (E >0),

L dv.,
3HAYUT TAHTCHIIUAJIBHOC YCKOpeHI/IC a.C = ET OTJIIMYHO OT Hynf[ %1 HanpaBneHo TaK K€ KaK U CKO-

POCTh B HampaBieHuu 1.
OmnpenenseM HarpaBiIeHHUE MOJTHOTO YCKOPEHMSI B 33JaHHbI MOMEHT BPEMEHH 110 NPaBUIIy Mapai-

JeorpamMma:

Buaum, 4to nmomHoe ycKopeHHe B MOMEHT BpeMeHH t; HalpaBJIeHO B HAIPaBJICHUH 2.
OtBeT: T
dv
Ommemum, umo 6 momenm epemenu t, ckopocms ymenvuiaemces ( E <0), u maneenyuanrvnoe
VCKOpeHUe OMIAUYHO OM HYISL U RPOMUBONON0NCHO HANPABIeHuio ckopocmu. B smom ciyyae nonanoe
V

YCKOpeHue HanpaeieHo 6 Hanpasienuu 4. B momenm epemenu ty ckopocmes nocmosnua ( E =0),
NO3MOMY MAH2EHYUATIbHOE YCKOPEHUe PAGHO HYII0 U HANpasileHue NOIHO20 YCKOPEeHUs cosnaoaem ¢

HanpaeleHuem yeHmpocmpemumenibHoco YCKOPEeHUA, m.e. C HanpaejileHuem 3.

4. MarepuanibHasi TOYKa JIBHXKETCS IO OKPYXKHOCTH paanycoM R = 0,2 M ¢ TOCTOSHHBIM YIJIOBBIM
yckopenueM € = 1,5 pan/c?. Onpenenuts uepes t = 0,5 ¢ mocyie Hauana eé ABUKEHHUS U3 COCTOSHUS
MOKOSI: &) TIOJTHOE YCKOPEHUE a; 0) HOPMAalbHOE YCKOPEHHUE an; B) TAHTCHIIMATBFHOE YCKOPEHUE ar; T)
YIJIOBYIO CKOPOCTh ®; 1) TUHEUHYIO CKOPOCTD 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.
e=1,5 pan/c® 8=d—m:>d(o=sdt.
t=0,5¢ dt
a—2an—? HuTerpupyem npaByro U JIEBYIO YaCTH yPaBHEHUS:
a—?2w0-"? < L
Vo9 I do=¢ I dt.

=0 t,=0

OTMCTI/IM, YTO YITIOBOE€ YCKOPEHHUEC € BBIHECCHO 3a 3HAK MHTETpalia KaK IIOCTOAHHAasA BEJIMYHMHA.

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

o) 8t|g:(0—0=8(t—0),T.e.0)=8t.

JIuHeiliHast CKOPOCTh V CBSI3aHA C YINIOBOM CKOPOCTBIO BhIpaxkeHHeM vV = ® R = ¢ t R, moatomy v =

1,5-0,5-0,2 =0,15 (m/c).
HopmanbsHoe (LIeHTpOCTPEMUTENBHOE) YCKOPEHUE PaBHO:
an=0’R=€t*Rua,=1,5>0,5%0,2=0,1125~ 0,11 (m/c?).

CBs3b TAHICHOHUAJIBHOI'O U YITIOBOT'O YCKOpeHI/II\/JI OIMMCBIBACTCA CICAYIOIHUM BbIPAKCHUCM

a: = ¢ R, mosromy ar = 1,5-0,2 = 0,3 (m/c?)
Haiiném nonnoe yckopeHrne MaTepualbHOU TOUKH:

a:\/af +a3 :\/SZRZ +e'*R? = eRy1+ "

a=15-0,2-41+1,5%-0,5* ~0,32 (m/c?)

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

o = 0,75 pan/c; v=0,15 m/c

5. MarepuanpHas TOUKa JBUKETCS MO OKPYKHOCTH, paauyc KOoTopoi paBeH R = 3 M. B HekoTopsIit

MOMEHT BpeMeHH HOPMaJbHOE YCKOPEHHE TOUKH JOCTHTaeT 3HAYeHHs an = 12 M/c?, a yrom mMexmy

BEKTOpaMU TMOJIHOTO U HOPMaJIbHOTO YCKOPEHUH cTaHOBUTCS paBHBIM o = 30°. Haiitu moxynu cko-

POCTH ¥ TAaHTEHIIMAJIIBHOTO YCKOPEHUSI TOYKHU JIJIs1 ITOTO MOMEHTa BPEMEHH.
Hano Pewienue

R=3wm N3BeCTHO, UTO HOPMAJIBHOE YCKOPEHUE CBSI3aHO C JIMHEUMHOW CKOPOCTHIO CIIETYIOIINM

an= 12 M/c* | BBIpasKeHHEM
a=30°

2
a, 2%. Torma Vv =«/anR n Vv=+12-3=6 m/c.

B paccmarpuBaeMblii MOMEHT BPEMEHM MaTepuajbHas TOYKAa OKa3alach B HEKOTOPOW TOYKE

OKpYXHOCTH. TaHreHImanbHOEe YCKOPEHHE HAMPABIIEHO 110 KacaTeIbHON K OKPYKHO-
CTH B 9TOM TOUYKE, a HEHTPOCTPEMUTEIBHOE YCKOPEHHE — [0 HOPMaJIM K HEH, KaK 3TO
MOKa3aHo Ha pUCyHKe. [Ipy 3TOM yros MeXIy BEKTOpaMH MOJHOTO d W IEHTPOCTpe-

MHTEIBHOTO d, YCKOPEHHH COIIacHO YCJIOBHIO 3amauu paBeH 30°. W3 pucynka

BHUJHO, YTO a: = an'tg 0, IODTOMY

B3

ar=12-?z6,93(M/02).

aT
a .
Y 4,

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

<w>=%= (P(ti):;P(tl) .
2 1

W3 BeIpakeHHsS 111 BPEMEHHOW 3aBUCHMOCTH YIIa IOBOPOTA BHJIHO, 4TO
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—3Bt§=0:>t2=,/3i.

A
() = 2 =0) _ AJ;
t2

_BA\/W

3BV3B _ 2A
\/X 37
3B

[ToncraBuB A = 6 pajn/c, monydum (m) =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=0,1pan/ ¢’
t=2c
ap—?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)°0,2 5,41 (w/c?).

HaiinéM BpeMeHHYI0 3aBUCHUMOCTD YITIOBOI'O YCKOPEHHS:

do
=—=06Ct.
&= at

Torma a; = eR = 6CtR = 6-0,1-2-0,2 = 0,24 (M/c?).

OtBer: an = 5,41 m/c%; ac = 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, IpoiiieHHbII YacThIel 3a T = 3 ¢ mocje Hauasa

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

ano Pewenue
R=2wm Mozynp CKOpOCTH — 3TO IIPOU3BOJHASA OT IPOMACHHOIO IIyTH 110 BPEMEHHU, II09TOMY
an = At* ds

6 V=— = dS=v-dt

A=8wm/c dt
=3¢ OTkyna nonydaem
S-7? S T T
W9 [ ds= [ vdt;s=]vdt.
a9 S,=0 1,=0 0

BI/IZ[I/IM, YTO JJIA HAXOXIACHUA HpOfII[eHHOFO mIyTH HCO6XOIII/IMO 3HAaTb, KaK CKOPOCTb
3aBUCUT OT BPCMCHHU. BpeMeHHYIO 3aBUCHUMOCTB CKOPOCTHU MOXKHO HaﬁTH, 3Hasd, Kak 3aBUCUT OT BpC-

MCHH HOpMAJIbHOC YCKOPCHHC. HeﬁCTBHTeHLHO,
2

a, =VE = v=./a R =VARt* =t2JAR.

IToacTaBuM BBIPpAXXCHHEC AJIsI CKOPOCTHU B UHTCI'paAJI, onpenenmomnﬁ MyTh, U IMOJTYUYUM:

T T 3
S= j JARt4dt = /AR j t2dt = /AR %
0 0

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

TaHreHuambHOE YCKOPCHHUEC XapaKTEPU3YCT CKOPOCTb USMCHCHUA MOAYJISL CKOPOCTHU, ITOSTOMY

a"':(:i_\t/:%(tz AR)zzt\/ﬁ;

a,=2-38-2 =24 (w/c?).

3Has TAHICHOHUAJIBHOC 1 HOPMAJIbHOC YCKOPCHUA UL ITOJIHOTO YCKOPCHU A 6y,[[eM HUMCTb

a=ya?+a’ =JAAR +A%® .

Beraucius, mony4ynm a ~ 648,4 (M/ 02) .

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

9. Touka JABYIKETCA 110 OKPYKHOCTH TaK, YTO 3aBUCUMOCTD HpOfI}IGHHOFO €10 IIYTHU OT BPEMCHH OIIN-
ceiBaeTcs ypaBHeHneM S = At+ Bt?, tne A = 1 m/c, B =3 m/c?.Uepes t; = 2 ¢ mocIie Hauasa JBUKEHUS

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

PBIF MOIYJT HOPMAJIBHOTO U TAHTEHITMATIBLHOTO YCKOPEHHUM OY/IyT PaBHBI.

Hano Pewienue
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V2

HaﬁHéM 3aBUCUMOCTH OT BPCMCHH HOPMAJIBHOI'O an =E N TAaHI'CHIHUAJIBHOI'O

dv
=— YCKOpeHI/II/I. ILJISI 3TOT'O HOJIy‘-II/IM BBIpa)KeHI/Ie JJIA CKOpOCTI/I JOBUXKCHUA TOYKHN.

Toodt

v=§=3(At+ Bt2)=A+ZBt.
dt  dt

a

S =At+ Bt?
A=1wm/c
B =3 m/c?
t1=2c¢

a, =2 M/’
a,=4a,
t—2?

d
Torma a, = o (A+2Bt)=2B. Yro0sl HaiiT HOPMAJIBHOE YCKOPCHHUE, MPEABapPH-

TEJIbHO HaUAEM paguyC OKPYKHOCTH, 110 KOTOPOM ABUKETCS MaTepHUAJIbHASL TOUKA:

2 2 2
o QI _(A+2Bt) o (A+2B4)°
! R R anl
(A+2Bt)a,
Orcrona cienyer, yto &, = —21
(A+28Bt,)

W3 ycnoBus d, =4, , Oyaem UMeTh

(A+28Bt)a, _ .
(A+2Bt;)°

<’:lnl

\/ZB(A+ 284)° _,
Torma t=

2B

[ToncraBuB naHHBIE, MPUBEAEHHBIE B YCIOBUH 3aJ1a4u, MTOJIyIUM, uTo t = 3,59 ¢

OTseT: 3,59 ¢

10. Touka qBUKETCS 1O Ayre OKpY>KHOCTH paauyca R =2 m. E€ ckopocTh 3aBUCUT OT IPOHIEHHOTO

IIyTH 110 3aKOHYy V = A\/§ , Te A — nocrosiHHasA. HaliTu yros Mexxay BEKTOpaMHM ITOJIHOTO YCKOPEHUS

N CKOPOCTH YaCTULBI B TOT MOMCHT BPEMCHH, KOTJId 4YaCTUIIA HpOﬁHéT nyTb S, paBHBIfI 3 M.

Hano Pewenue
V= A\/g W3 IpuBEeIEHHOTO PUCYHKA ClIEAyeT, uto @ = arctg . Hop-
R=2wm ay
S73m VA
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 .
LU0 V= V[S(t)] U IIPOU3BOIHYIO ot HaXOAUTh KaK MPOU3BOAHYIO OT CIOKHOM pyHKIMU:
A A A
a1=d—v=£v S(t)]=ﬂ'§= V= \/§=—.
dt  dt dS dt 2s 2Js 2
a AZS 2S
= arctg — = arct =arctg—.
) g 3 g RAZ 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, pe3yasTupyromas Bcex CHJI, ACHCTBYIOIIMX HA MATEPUATBLHYIO TOUYKY, HAallpaBlIeHa TaK XKe,

KaK M BEKTOp IMOJIHOTO yCKopeHHus. [1ojiHOe yCkopeHue paBHO BEKTOPHOW CyMME TaHT€HIIMAJIbHOIO U
HOPMAaJIbHOIO YCKOpeHui. Haliém HanpaBiieHUsT KaX0r0 U3 dTUX YCKOPEHUI, a 3aTEM, CII0XKHUB HX
I10 MPAaBWJIy TPEYTOJbHUKA WM 110 MPABWILY HapajulesiorpaMMa, OIPEIeIuM HalpPaBICHNUE IIOJIHOTO
yckopeHus. HopmanbHOE yCKOpEHHE HaAIlPaBICHO K LIEHTPY AYTH, O KOTOPOU JBHXKETCS TOYKA, T.€.
B HampapiieHnu 3. Tak Kak B MOMEHT BpeMEeHH {3 CKOPOCTh YMEHBIIIAETCS, TAHTCHITHAIIBHOE YCKOpe-
HUE HaIIPaBJIEHO B CTOPOHY MPOTHUBOIIOJIOKHYIO CKOPOCTH, T.€. B HampasieHuu 1. Torga momHoe
YCKOpPEHHUE HAMpaBJICHO B HANpaBieHUH 2. B 3TOM ke HalpaBieHUU JACUCTBYET Ha MaTEPHAIBHYIO
TOYKY Y pe3yJbTUPYIOLIas CHIIA.

OrtBer: 0
2. Cucrtema COCTOMT U3 TpeX MIapoB ¢ MaccaMu m; = 1 KT, my = 2 KI, m3 = 3 KI, KOTOpbIE
JIBUKYTCS TaK, KaK IMOKAa3aHO Ha pUCYyHKe. ECiM CKOpoCTH IIapoB paBHBI Vi
vi =3 m/c, v2 =2 M/c, vz = 1 M/c, TO BeTMYMHA CKOPOCTH IIEHTPa Macc 3TON f}l
CUCTEMBI B M/C paBHa ... my v,
a)2/3 06)4 B)53 1)10 _om_m
Pamuyc-BekTop 1eHTpa Macc CHCTEMBI OIIPESIISIETCS 110 POopMyIIe li}
3

—

Ie

i=3
Z m; 1
=1
i=3 :
2.m
i=1
Haitném xoopaHaThl HEHTPA MACC CUCTEMBIL:
i=3 i=3
Z m; X; Z m;yi
_i=1 . _i=1
=3 ? =3 :
Ye
Z m; Z m,
i=1 i=1
[Tpoekuus BekTOpa CKOPOCTH IIEHTPA MACC TAHHOM CUCTEMBI Ha OCh X paBHA
i=3
dx;
> m G
dt

dx, =
Vex = dtc = |_1i=3

Xe

MyVyq + MyVyp + M3Vys
ml + m2 + m3




W3 pucyHka BUAHO, 4TO V,q =V,3=0,a V,, =V, . Torna v =

25

m,V,

——< ¢  TloxcraBuB YHUCJIEH-
m; +m, +mg

2M
HbIC 3HAYCHHUS, TTOJYYUM, 4TO V, = v AHAJIOTHYHO HAXOIUM IIPOCKIMIO BEKTOPa CKOPOCTH IIEH-

Tpa Macc JIaHHOM CHCTEMEI Ha OCh y:

i=3

S dy;
i
Y dt fm my +m, + My
i

VYuuteiBaeM, 4to V4 =Vj; V,, =0; Vy3 =—V3, HO3TOMY

Vey

O e 2 2 2(m
LIEHTpa Macc Hailném 1o popmyne V, = ,/Vg +Vo, =V ==| — |-

_ MV —MgVy
ml + m2 + m3

yl— y2—

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

OtBeT: a

3. Teno mMaccoit m = 1 Kr ABMIKETCSI TaK, YTO 3aBUCUMOCTh KOOPAMHATHI X T€JIa OT BPEMEHH OIMCHI-
BA€TCs ypaBHEHUEM x = A-sin(ot), tne A=3m, ® =7 ¢ . HaiiTu Moy cuiibl, AeicTByrOIIEH
Ha Testo B MoMmeHT Bpemenn t=0,25c.

/ano Pewenue
m=1xr Tak kak macca Tejla ¢ TEUEHHEM BPEMEHH HE M3MEHSCTCs, BTOPO# 3akoH HproToHa
X = A-sin(ot) = v . - - L= -
A=3wm MOYHO 3amucarb B popme F = ma. Yurém, uto F=1F +jF,,a V=iv,+ v, . Torma
o=mnc! dv
t=0,25¢ Fe=m—2*.
X dt
y=0 dx
z=0 VuuThIBas, 4TO V, = i oA -cos(wt), a
Ff - d
Vy 2 .
e —0°A-sin(ot), nomydaem, 4to
F, =-mo°A-sin(ot).
dy dz
Ho ycmopmo y = 0 u z = 0, nosromy V, = pry =0 u v, = Py =0. D10 o3Hadaer, YTO

ay =a, =0=F,=F, =0. Orcrona cnexnyer, uro F = -moA-sin ((ot)T .

= . . (T .
‘F‘ = mw?®A-sin (ot)= Me?A -sin (Zj . IloncTaBuB npuBEIEHHBIE B YCIOBUM 3a/1a4i 3HAYEHUS M, O,

A u t, noryunm

|F|=1-3,14%.3-0,707 ~ 20,91 (H).
Otser: 20,91 H

4. MarepuanbHasi TOYKa MACCOU 3 KT JBHXKETCS TaK, 4TO €€ paJlyC-BEKTOP U3MCHSETCS C TCUCHHEM
BPEMEHH 110 3aKOHY T = t2 (A=Bt)i+Ctj, e A =5 m/c?, B=1 m/c’, C =4 m/c. Haiitu Mmozynp

CHIJIBI, HeﬁCTBymﬂleﬁ Ha TCJIO, UCPEC3 IMOJITOPLI CCKYH/bI IOCJIC Ha4Yajla IBUKCHUS.
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Pewienue
B coorBercTBUM €O BTOphIM 3aKOHOM HproTOHA F=ma. Haiigém YCKOpEHHE
Teja, YYUThIBAsl, YTO, KaK BUIHO U3 BRIPAXKEHUS JJI1 BPEMEHHOM 3aBUCUMOCTHU
panyc-BexkTopa, X = At —Bt®, a y=Ct. Torna

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

Hano
F=t*(A-Bt)i+Ct]
m=3Kr
t=1,5c¢
A =5 wm/c?
B=1wm/’

C=4wm/c
-
HMETh:

B xoopaunatHOil (opme BbIpakeHHE JUISI CHJIBI 3alUIIeM B BUJE

F= FXT + Fy] =m aXT +m ay]. [loncTaBuB BbIpaxKeHHs UIsl ax U ay, Oynem

F=2m(A-3Bt)i,
F=2-3(5-3-1-15)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 JeiCTBOBAThL cuia F = (B+ Ct)] ,tne B=3H,C

=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
t1=3c
A=2wm/c
B=3H
C=0,6H/c
Xo=Y,=0
(-2

3TOTO YPaBHEHHUS

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

BEKTOpA, OTPE/IENEHHOTO B ITOT MOMEHT BpeMenH, T.e. [ =|f|= \/XZ(tl) +y? (t) .

Takum 00pa3zoM, 3a7a4a CBOIUTCA K HAXO0KICHUIO 3HAUCHU KOOPAMHAT YaCTHIIHI B

MOMEHT BpemenH t =t;. 3anumem BTopoii 3akoH HbroTOHa B MpOEKIIMK Ha OCh X:
F. =ma,.
I:X

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

V
a, =0. Tak xak a, =—=

= dv, =a, dt . MHrerpupys JeBy0 U MPaByl YacTH

v, (1) t
dVX = _[ax dt u YUYHUTBIBaAs, 4YTO a, = 0, NOJy4YuM V, — A=0,Te. MIPOEKIU
v, (t,)=A 0]

CKOPOCTH YacTHIIbI HA OCh X HE 3aBHCUT OT BPEMEHU M paBHA HadyaJbHOU ckopocTu: V, =A . Ompe-

ACIIUM 3aBUCUMOCTB OT BpCMCHU KOOPAUHATHI X YaCTUIIBI.

dx

v, = pm = dx = v, dt. MaTerpupyem 3T0 BBIpaKeHHE:

t=t,

X
Idx=

X,=0 t

t=t,
[ vedt=x(t)=A [ dt=At, n x(t,)=6m.
=0 t=0

[lepexonuM K HaXOXKJIECHUIO KOOPUHATHI Y.
3anuieM BTopoi 3akoH Hpl0TOHA B MPOEKIIUK Ha OCh Y:

Fy=may:>ay=

F B+ Ct

2 U3 BBIPXKCHUSI 111 CHIIBI BUIUM, YTO Fy =B+Ct=> ay = . Tak kax
m m
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dv

ay =d—ty:>dvy =a,dt. Vurerpupyem JeByl0o WM IpaByl0 4acTH  3TOTO  yPAaBHEHHMs

Wl t B ct . B. C
I dVy = _[ay dt . IToxcTaBuB BHIpAKEHUE IS ay , HOIYYnM V,, = Ejdt + Ejtdt =—t+ 2—t2
0 0

v, (1,)=0 0 m m

. Onpez[eJmM 3aBUCUMOCTB OT BpEMCHHU KOOPAUHATEI Y YaCTHUIIbI.

d
vy = &y =>dy= Vydt . IaTerpupyeM 310 BhIpakeHUe
y(t,) t=t;
_[ dy = _[ v, dt
y,=0 t=0
" 1IOoJIy4acM 3HaYCHUEC KOOPAUHATHI Y B MOMCHT BPCMCHU t:
t=t, t=t, 2 3
B C Bt; Ct
y(t) =— j tdt+— j tdt=—2+=L u y(t,)=54u
m.JZ, 2m 7 2m  6m

[ToncraBus 3HaueHus X(t1) ¥ y(t1) B BBIpaKeHHUE U1 PACCTOSHMS YACTUIIBI OT Hauaaa KOOp/Iu-
mar (= «/Xz(tl) +y? (t) , Gymem umets (= 8,07 M
OtBeT: 8,07 M

6. B moMenT Bpemenu t = () Ha MaTEpHAIBHYIO TOYKY MAcCOM m = | KI, HAXOAUBIIYIOCS B COCTOSIHUM
MOKOs, Hayaja JEeWCTBOBAaThb CHUJIA, M3MEHSAMOIIASACS C TEYEHHUEM BPEMEHHM IO 3aKOHY
F=Ae" + BeCt] ,tae A =3 kr-m/c?, B=4 xkrm/c?, C=0,1 ¢\
Haittu myTh, IpOWICHHBIN YaCTULIEH 32 IEPBBIE TP CEKYH/IbI IIOCIIE HAa4alla JBHKCHMSL.

Hano Pewenue

F=Aei +Be®j | U3 cpaBHeHus BbIpaXeHUH
E_ ARCtT cti
Vox =Voy =0 F=Ae~1+Be™]
m=1kr = - ~ ~
to=0 F=ma,i+ma,]
t1=3c¢ CJIEZIy€T, 4TO
A =3 krm/c? A B
B = 4 xr-m/c? = EeCt 8y = EeCt'
C=0,1c"' dv
S_9 Tak kak a, =—2=, 1o dv, =a,dt. Uarerpupys, MOIy4rM 3aKOH M3MEHEHHUS BO

BpPEMEHH TIPOEKIHI CKOPOCTH Ha OCh X:
Y t A A of A
dv, = I adtuv, == I eCtdt=—eC“ =—(eCt—1)
m 4 mC o mC
V)= t=0 o

AHanorudHo mojrydyac€m, 4To

[IpoiineHHslii TyTh paBEH

e V=|V; +V, = —‘A2+Bz(eCt —1).

mC
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OxoHyarenbHO OyJIeM UMETh:
t=t,
VA +B? B2 ( ot _ )dt JA? + B2 (eCtl 1) JA? 4+ B? .
= - - - 4.
mC? mC

[ToacTaBuB npuBenEHHBIE B YCIOBUY 3a/1a4u 3HadueHust m, A, B, C u t1, noixyuum, uro S = 24,9 m
OtBert: 24,9 M

7. Bpycok Maccoil m = 2 Kr HaUMHAET JIBUTAaThCs BBEPX 10 HAKIOHHOM MIIOCKOCTH, COCTABIISIONICH

yron o = 30° ¢ ropuzonToM. K Opycky npunoxena cwia F = 24 H, HanpaBineHHast B10JIb HAKJIOHHON

wiockocTy BBepX. Koaddurment rpenus Mensercs o 3akony p = p, sin (bx), e p, =0,1; b=m/9

pan/m. Halitu ckopocTh Opycka mmocie Toro, Kak OH IMpouIeT myTh 3 MeTpa.

/ano Pewenue
F=24H
m =2 Kr
Mo =0,1
b =n/9 pag/m
S=3wm
a=230°
v—2? 3anuiieM ypaBHEHUE JBUKEHUS OpycKa B MPOEKIIMHU Ha OCh X, HAIIPABJICHUE KOTO-

pPOM COBIIAIAET C HAIIPABJIEHUEM CUIIBI F :
F-mgsina—F =ma.

TpeHust

VYutém, uto F

TpeHust

=pN =p sinbxmgcosa .

PaccMoTpuM CKOPOCTB Kak CIOKHYIO (PYHKIIHIO V= v[x(t)] , TOTJa a= @ _ dvdx Vﬂ )
dt  dx dt dx

IToncraBus BBIPpAKCHUS JJIS1 CUJIBI TPCHUA U YCKOPCHUA B YPABHCHHUC IBUKCHUSA 6pyCI<a, " pasaciiiB
JICBYIO U IIPABYI0 Y4CTHU 3TOI'0 YPABHCHHU HA MACCY 6pyCI<a, 6y;[eM HUMCTD:

F gsina SiangCOS(x—VdV
m Ho dx
[IponHTErpHpyEM JIEBYIO YACTh 3TOTO YPABHEHHUS 10 KOOPAMHATE X, a MIPABYO 10 CKOPOCTH:

ES s s v
—Idx—g sinajdx—uogcosajsinbxdx=_[vdv.
mO 0 0 0

%S—g Ssina+@cosbx|s= —

0

Torma v= \/2[28— gSsina.+ @(cos(bS) —1)} .

[ToncraBuB naHHBIC, MPUBEAEHHBIE B YCIOBUH 3a/1a4H, MOJYYUM, 9TO V = 6,29 M/C.

OTBeT: 6,29 M/c
8. MotopHas noaKa JBUTaIach Mo 03€py, MMesl B HaualbHbI MOMEHT BPEMEHH CKOPOCTh V=4 M/c.
Haiitu ckopoctsb €€ nBmxenus yepes T = 20 ¢ nocsue BbIKIIOUSHUS ABUTaTeNsl, €CIU CUjla COMPOTUB-
JIEHUs IBHKEHUIO JIOAKU IPONOPLHOHAIbHA KBaJpaTy ckopocTh: F, = —rV2, rme r = 2 kr/M. Macca

noaku m = 150 kr.



t=20c
r=2 xr/m

v -7

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/IC IJIA CHUJIbI COHpOTI/IBJIeHI/ISI, HOJIy‘-II/IMI
2 dv
—rv-=m—.
dt
dt 1dv
Pa3nenus nepeMenHsble v U t, OyneM UMETh P T HNHuterpupyem 310 ypaBHe-
1% 1¢dv
La-tf%
m 0 rvO v
v 1f 1) T V-V
m r{ vl m rvy,
Ve mv,
TV, +m

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

OtseT: 1,94 Mm/c

9. HarpyxeHHas mieOHeM jkele3HO10poXKHas miardopma ¢ HadyaJlbHOW Maccoi M, =5 T HauMHaeT

JBAKEHUE U3 COCTOSHUS ITOKOSI IO/ AEMCTBUEM ITOCTOSHHON TOPU30HTAIBHON CHJIBI F =300 H.
[[eGennb BhICHIAETCS Yepe3 OTBEPCTUE B THE IIIATPOPMBI TaK, UTO CKOPOCTh YMEHBIIEHUS €€ MaCChI

paBHa
JIBDKEHUS.
Hano
to=20
m, = 5000 kr
Vo =0
F=300H
pn=15 kr/c
1=180c
v—7?

p = 15 kr/c. Onpeaenutb CKOPOCTh MIATHOPMBI Yepe3 3 MUHYTHI TOCIIe Havasia

Pewtenue
3anuiieM ypaBHeHHe MemiepcKkoro
mdv - dm_ -
——=F+—1U,, e li, — HadaIbHAsl CKOPOCTH BBICHIIAIOLIETOCS IIEOHS OTHOCH-

dt dt
. m
TEJIBHO IMIaT(OPMBI, KOTOpasi MPUHUMAETCS] paBHOU HYyINIO, [ = rre CKOpOCTb

yYMEHBIIIEHUsT Macchl Tar@opmel ¢ mebHeMm. CIpoeKTHpyeM 3TO YpaBHEHHE Ha
HaIpaBJICHUE JBIKEHUS TIaT(HOPMBI, Macca KOTOPOW C TEYCHHEM BPEMEHH H3Me-

HSIETCS TI0 3aKOHY m(t) =m,—pt:

d d
m(t)d_\t/= F wm (mo—p,t)d—\t/= F.

=
Pasnenss nepemennsie v u t, monmyunm ———dt = dv . IIpouHTerpupyem qaHHOE YpaBHEHHE:

m, —ut
T F \
—dt=jdv. (1)
oMo—Ht g
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T

] F
IIpuBeném unTerpan I —tdt K TaOIM4YHOMY BHy. [lJ1 3TOr0 BOCIOIB3yEeMCSl METOJJOM 3aMEHBI
m,—u
0 0

nepeMeHHOH. PaccMOoTpuM oMH U3 BapuMaHTOB 3TOro MeTona. Beeném obo3HaueHume zZ=m,—put.

Haitném npon3BoIHY0 OT HOBOM IEPEMEHHOM Z 110 CTapO IEPEMEHHOM t:
dz
pu—— _u .
dt

dz
Torna dz = —udt mm dt = —— . 3ameHuM B HHTETpae NepeMEHHYIO t Ha IEPEMEHHYIO Z, He 3a0bIBast
1}

U3MEHUTD Ipesensl narerpuposanust (npu t=0 z,=m,,anpu t=1 Z=my—pt):

T m,—pt _
J‘Ldt:—E %z_E[’nzzﬂ_u’cz_Ean.
o Mo —ut Bon 7 H ° M My
BosBpamasics k ypaBHeHuto (1), monyunm
F m
v=—(n——"3.
H My —HT
ITocne noacTaHOBKM UCXO/IHBIX IaHHBIX OyJleM UMETh
V= 300 (n 5000 =15,53m/c.

15 5000-15-180
OtBet: 15,53 M/c

10. IIpsamoyronbHbIH OpyCOK Maccoid m = 4 KI U JUTHHOU £ = 8 M, IBIKYIIUICS TIO TIAKOM
MIOBEPXHOCTH CO CKOPOCTBIO V, =3 M/C, HaNpaBJIeHHOHN BIIEBO, MOMA/IAET Ha MIEPOXOBATHINA y4acTOK

¢ koapdunuentom Tpenus p = 0,2. Haiitu myTh, IpoiA€HHBIHN JIEBBIM KOHIIOM OpyCcKa IO LIepoX0oBa-
TOU MOBEPXHOCTH JI0 OCTAHOBKHU.

/ano Pewienue

Vv, =3 m/c 3anuieM BTopoit 3akoH Hpl0TOHA B MpoeKIIMY Ha HAaIlpaBJIeHHUE IBUKEHUs OpycKa:

- dv
v=0 m/c ‘ Fp=-m pre (3HaK MHHYC O3HA4yaeT, 4To C
m =4 kr o > t
L=8M O TE€YEHHEM BPEMEHU CKOPOCTb MO/ AeHCTBHEM
n=0,2 r CHWJIBI TPEHUSI YMEHBIIAETC).

’ nL=0.2 u=0 .

S_9 VYutéMm, 4TO CHJIa TPEHUS 3aBUCUT OT PACCTO-

SHUS X, U3MEPSIEMOro OT Hauaja IIepOXOBaTOro y4yacTKa J0 MOJIO0KEHUS, KOTOpOoe
3aHUMaeT B JJAaHHbBIM MOMEHT BPEMEHH JIeBbIM KoHel| Opycka. JleficTBUTenbHO, eciu Opycok enié He
TIOTIAJT Ha IIEPOXOBAaTHIi ydacTok (X = 0), TO chj1a TpeHHUs paBHA HYJIIO, €CIIH YK€ BECh OpyCOK HAXOIUTCS

Ha WepoxosaroM y4actke (x = ), To F, =pmg. B ciyuae 0< X < cuna Tpenus u3MeHseTCs 10

3aKOHY

mg
FTp =p,7x.

Ckopocts  OyneM  paccMaTpuBaTh KaK — CIOXKHYIO  (DyHKIHIO V=V[X(t)], IIOATOMY
dv_dvdx dv

dv
—_—=——=—V. HOI[CTaBI/IB BBIPAKCHUA OJIA CUJIBI TPCHUS U I OH3BOZ[H01>1 — B ABHCHHUC
dt  dx dt  dx P P P a ° P

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=—.
VI ”12! 2 = M2

o]

Torna

S=v, /L
Ky

Hcrnonb3ys naHHble, MpUBEIEHHBIC B YCIIOBUM 3a/1a49H, OyIEeM UMETh, 4TO S = 6 M.

OtBet: 6 M
11. B cocyjie ¢ KUIKOCTHIO HAYMHAET JIBUTAThCS BEPTUKAIBHO BHU3 LIAPHK PAJMyCOM I = | MM; ero
IUIOTHOCTh PaBHa p1 = 10,5-10° kr/m, notHOCTS KMAKOCTH P2 = 1,5-10° kr/M°. JluHamu-
YeCKUH KOO(D(PUIMEHT BA3KOCTH JKUAKOCTH PaBeH n = 0,4 Ia-c. HaiiTu ckopocTh Hmiapuka B
MOMEHT BPEMEHU t=0,01 c.
/ano Pewenue
r=10"3u Ha mapuk IeiCTBYIOT HalpaBJIe€HHAs BEPTUKAIBHO BHU3 CHJIA TSKECTH
= 103 3 4 4
p1=10,5 1? Kr/ 1;4 G=—nr’pg, (=nr’p, =V, p, =M — Macca WapyKa) i HAPABICHHBIC BEPTH-
p2=1,5-10" kr/m 3 3
n=0,4Ilac 4 3
KaJIbHO BBEPX BBITAIKMBaroIas cuia (cuna Apxumena) Fp =—mr’p,g u cuia
t=0,01c 3
v—7? compotuBieHust Crokca F, = 6mnrv. 3anumem ypaBHeHUE IBUKCHUS IIAPUKA:

4 g—ﬂnr3 g—6m v=m¥
3 P1 3 P2 n qt

OTO0 ypaBHEHUE COAECPKUT JIBE IEPEMEHHbIE BEIMUUHBI — CKOPOCTh V U BpeMs t. [IpeoOpasyem ypas-
HEHUE TaK, YTOObl OJ[HA NEePEeMEHHAsl HaXOIulIach B OJHOW YacTU ypaBHEHHUs (HAaIpumep, clieBa OT
3HaKa paBEHCTBA), a Apyrasi — B Ipyroi 4acTH (T.e. CIpaBa):

dt dv
m 4 '
gnrg(pl—pz)g—ﬁnn v
1 b dv .
Wurerpupyem - I dt= U, TIOJIB3YSICh METOJIOM 3aMEHBI IEpEMEHHOH, 110-

4
0 0 gnrs(Pl_Pz)g— 6rnrv

JTydaeM:
4 3
t 1 3 (P —p2) 9
—= [n . [ocnie mpeoOpazoBaHus ITOTO BEIPAKEHUS OyJIeM UMETh:
m 6mnr 4_23 5
3™ (p1—p,)g—6mnrv
2 _m
vo 2 pi=pa)al  Tarp,
M
Brrunciienust moKa3pIBaroOT, UTO MPU 3aJaHHBIX YCIOBUSIX v=20,041 m/c.

Otger: 0,041 Mm/c
12. Onpenenuts CHITy TPABUTAIMOHHOTO B3aUMOJICHCTBUSI TOHKOT'O OTHOPOTHOTO CTEPKHS Maccol m =
5 kr u guHoi £ = 0,4 M 1 MaTepuanbHOU TOUkK Maccod M =10 Kr, eciau oHa pacnoyiokeHa Ha OCH
cTep>kHs Ha paccTossHuM a = 0,1 M OT OJIMKAKIIIETO eTo KOHIIA.
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Hano Peuwienue
m =35 Kr ) J4 LN
M =10 kr
t=04 " ™
= M

’ A dx < X .
a=0,1wm im
G = 6,67-10"""H-m?/xr?

O4eBUIHO, YTO JUISI PEIICHHMS 3319l HE00X0IMMO BOCIIOIb30BaThCS 3aKOHOM

F-?

BCEMUPHOI'O TATOTCHHSA, B COOTBETCTBHUHU C KOTOPBIM JBE€ MATCpPUAJIHLHBIC

TOYKH B3aUMOJICHCTBYIOT APYT C IPYTOM C CUJIOH, IPSMO MPOMOPIUOHATIBHON TPOU3BEACHUIO MacC
ATUX TOYEK M 00paTHO MPONOPIIMOHATBLHOM KBaJIpaTy pacCcTOsIHUSA Mex 1y HuMU. Eciu paccmaTpuBa-
C€TCA cnyqaﬁ BSaHMOﬂeﬁCTBHH HpOTSDKéHHBIX TCI, UX p336I/IBaIOT Ha 3JIEMCHTaPHbIC MACCBI, KaXXIYIO
N3 KOTOPBIX MOXXHO IIPUHATH 3a MATCPHUAJIbHYIO TOYKY.
B I[aHHOﬁ 3aaa4¢ pa3aciiuM CTCPKECHb Ha YYaCTKU ,Z[J'II/IHOI‘/‘I dX, MacCa KaXXJ10Iro u3 KOTOPbIX
paBHa
dm = %dx ,

m
rac 7 — MacCa CIUMHUIbI AJIMHBI CTCPIKHA. ComacHo 3daKOHY BCEMUPHOI'O TATOTCHUA CUJIa B3aAUMO-

JCUCTBUSI MaTepPHAIbHON TOYKH Maccoii M M Haxomsmierocs OT He€ Ha PAacCTOSHUM X y4YacTKa

cTepxHs Maccoit dm, Oyzer paBHa:

M dm M m dx
7 =G o2

dF=G 5
X [ X

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

(+a (+a
F= Gm d—)z( = m(—ij =G mM ! =G mM .IloxcraBuB 3HaueHuss m, M, a
7 x o\ x|, ¢ (a(l+a) a((+a)
u {, Ioay4ynm, 4TO
F=6,67-10" __ 10 6,67-107° (H)
0,1-(0,4+0,1)

Ortser: 6,67-10°% H
13. Haiitu cuity rpaBUTallMOHHOTO B3aUMOJIEHCTBUS TOHKOTO OJHOPOAHOTO MOTYKOJIbIIa MAacCOM 4 KT

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

Hano Peuwienue
M=0,5kr VA
R=2wm ~
m =4 xr dF
G =6,67'10"""H-M%/kr?
F—? ¢ X
Rda M X
%
dm

Tak kak pacCTOSHME MEKY IOITYKOJIBIIOM 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
m
dm=—d(.
nR
Takue yyacTku (OJIMH U3 KOTOPBIX MOKa3aH Ha PUCYHKE) MOXKHO CUMTATh MaTepUaIbHBIMU TOY-
m m o
kamu. Tak kak d¢ = Rdo, To dm = _R Rdo = —do. Torma Moayiib CHIIBI B3aUMOAEHCTBUS MaTePH-
T T

albHBIX ToueK M 1 dm Oyzer paBeH:
dgF=gMdm_gMmy,
R R m
OOparuM BHUMaHHE Ha TO, YTO CHIIbI B3AUMOJICHCTBUS MaTepHaIbHON TOUKH M H paciioioKeH-
HBIX B PAa3JIMYHBIX MECTaX MOJIYKOJIbIIA SIEMEHTAPHBIX Macc dm OyIayT OTJIMYAThCS 110 HAIIPABJICHUIO
(Ha puc. n3o00paXkeHa cuiia, JCUCTBYIOIIAs HA OJMH U3 YYaCTKOB TOIYKOJIbIIA CO CTOPOHBI MaTepH-
aybHOM Touku M). JIyisl HaXOXIEHUST MOYJISI CHJIbI B3aUMOJICHCTBUS TTOJIYKOJIBLIA C MaTepHaIbHON
TOYKOHM B TAKOM CITydyae OINPEICIISIOT MPOSKIIUHM 3TOW CHUJIbI HA KOOPAMHATHBIC OCH X | Y. Jlist aTOTo
3aIUIIIeM BBIPAKCHHS IS TIPOCKIIHIA HA OcH X U 'y cuiibl dF:

dF, = dFsin o.= G 2 Msin ado,
T

dFy = Gﬂzmcosada-
R m

WNHterpupys, noiaydyaem, 4ro

T s
FX=GM2-mIsinada:Gm—hA2(—cosa) ZZGLZM;
R® my nR R
Fy:GMZ-mjcosada:Gm—'\g(sina) =0.
TEO R 0

Orcroma crenyer, 94To

’2 2 2GmM
F= Fx+Fy :szw.

F_2-6,67-10‘11-4-0,5
314-4

=2,12.10"(H)

Otset: 2,12-10°'' H
14. CoenuHEHHbBIE HEBECOMOM U HEPACTSXKUMOM HUTHIO Yepe3 HEBECOMBIN OJIOK Tela MaccaMH mi =
0,3 xr u mz2 = 0,4 Kr HaXoAATCA B TUQTE, IBHUKYIIEMCS] BBEPX C YCKOPEHHEM a = 2
M/c?. OnpesieuTe CUTy HATSKEHUS HUTH, €Cid Kod(Q(HIUEHT TPEHHs MEXLy Te-
JIOM Maccoil mi ¥ OBEPXHOCTHIO, 110 KOTOPO OHO JIBMKETCS, paBeH 0,2.

ano Pewienue
m; = 0,3 xr
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 PUCYHKE BEIMYUH OTMeTUM cieayromue: G; =m,g,

G, =m,0, @] — yCKOpEeHHE JBHKEHUS NIEPBOTO TeNa, N3MEPEHHOE B BHIOPAHHON HEHMHEPIUAIbHOI

cucTeMe oTcuéTa, d, — YCKOPCHHUE JIBHIKCHHUS BTOPOTO Tella, M3MEPEHHOE B ATOH e CUCTEeMe OTCcUYéTa

¥ PABHOE 110 MOJIJIIO yCKOPEHHIO [BHKeHMs niepBoro tena (a7 = a5 =a’), F,; =-md — cuna nuep-

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

Jlpyrue cuibl MHEPLUU OTCYTCTBYIOT, TaK Kak JIM(T U Tena ¢ MaccaMu mi ¥ mp ABUXKYTCS OCTyIa-
TENBHO.
3anuiueM ypaBHEHUS BHKEHMS TEJla MAcCOi mi B MIPOEKLIMAX Ha KOOPAUHATHBIE OCH X U Y,

=

YUYMTBIBas1, 4TO CUJIa MHepLUMU F,, HampapieHa B IOJ0KUTEIbHOM HAIPaBIEHUU OCU Y U €€ IPOEKIHSI
Ha 3Ty OChb paBHa Mya:

x:T-F,=mga’; (1)

y: mg+ma-N=0 = N=m,(g+a).
Torma F,, =uN =pm, (g + a) . [loncTaBuB BbIpaykeHHe JUIsl CUIIbI TpeHUsI B ypaBHeHue (1), mo-
JTY4YUM
T-pmy(g+a)=ma’ ()
3anuieM ypaBHEHUS JIBUKECHHUs Tella MacCOM My B MPOEKIMU Ha KOOPIUHATHYIO OCh Y.
y:myg+mya—T=mya’ (3)

Pa3nenuB neByto U npaBylo 4acTH ypaBHEHHUS (2) COOTBETCTBEHHO Ha JIEBYIO U MPaBYIO YacTU
ypaBHeHUH (3), TOTYyIUM

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

[Tocne anredbpanueckux npeodpazoBanuii OyreM UMETh:

T_ mm, (g+a)(pn+1) T 0,3-0,4-(10+2)-(0,2+1) _2,47(H)
ml+m2 0,3+O,4

Otser: 2,47 H
15. K BpamaromeMycsi FOpU30HTAIBHOMY JUCKY Ha PACCTOSIHUM R1 = 0,4 M oT ocu BpaiieHus
IIPUBS3aHO C TOMOUIBIO JIETKOM HEpacTsHKUMON HUTH aiuHou £ = 1,41 M Teso Maccoi mi, pazMepamu
KOTOPOTO MOXKHO TipeHeOpeub. [Ipu Bpamenun HUTh oOpasyet yroi o = 45° ¢ BepTukaipio. Ha kakom
pacctostHuM R2 OT ocu BpallleHus ArcKa MOXKET YAep)KaThCsl HEOObIIOE T€JI0 MAacCOM M2, MOJIOKEH-
HOE Ha JTUCK, ecli KO3(PPULIMEHT TpeHus Tea o MOBEPXHOCTh naucka p = 0,1?
Jano Pewienue



Ri=04wm
t=1,41m
o=45°
u=0,1

Ry —?
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Onucanue noseneHus: Ten OyaeM MPOBOAUTH B HEMHEPIHAIBHON CHUCTEME OT-
cuéra, CBSI3aHHOW C BPAMIAIONIMMCS TUCKOM. B 3Toii cucteme 00a Tena mOKOsTCS, 1Mo-
9TOMY CYMMBbI CHUJI B33HMOII€fICTBHSI " CUJI MHCpIHUHU, HeﬁCTBYIOHlHX Ha KaXXa0€ U3 HUX,
OyIyT paBHBI HYIIO.

_ O
JLN2 \A
- E
b2 I w2
é:f L

Z[J'IH TeJaa Maccou mj B IMPOCKIHH Ha OChb X 6yz[eM HUMCTB:

x: Tysin a—Eg =0 (1)

HeHTp06e)KHaSI CuJia HHCPUHH OIIPCACIIACTCA U3 BIPAKCHHA:

Fie1 = Mo’R) =myo’ (R +a) =m0’ (R, + (sina).

Torna u3 (1) momyuum

Tysin o= m o (R, +(sina) 2)
B nmpoekiuu Ha oCh y Ui TEJIa MAacCOW M| MOXKEM 3aIucaTh
y: Tycosa—-G; = 0, (3)
rie G, =mg.
[ToncraBuB Beipaxkenue mis G, B (3) momyuum:
T,-cosa.=myg 4)
Paznenum (2) Ha (4):
o M’ (Ry+¢-sina) _ o (Ry+(sina) .
m,g g
Tax kak a = 45° To tg o = 1, cnenoBarenabHO
=3 (5)
(Ry+(-sina)
AHAJIOTUYHO PacCMOTPHUM CHJIBI, ICUCTBYIOIINE HA TEJIO Maccoil mo. B mpoekunu Ha ock X Oymem
UMETh
X: Fgo— sz =0 =>F4 = Fsza (6)
rie Fgo = mz(Dsz — IEeHTpoOeXHasi CcHujla WHEpIHH, NeHCTBYyIOmas Ha Telo Maccod Mm,,

F 2= MNZ — MaKCUMaJIbHOC 3HAYCHHUEC CUJIbI TPEHUA IOKOA IJI 3TOr0 TCIa. HOJICTaBI/IB BBIPpAXKCHUA

P

JUIS CUJIbl MHEPLIMU U CUJIBI TPeHHUS B (6), TOTy4nuM

uN, = m,w’R,. (7)

B MMPOCKIHMU HA OCh Yy 3allUIICM

Y:N;, =G, =0= N, =m,g . (8)

[ToncranoBka (8) B (7) mO3BOMSET MOTYUUTh BHIPAXKEHHE JIJISI UICKOMOTO PACCTOSTHUSA

Hg
R,=—=.
2 (1)2
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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+1,41- 7% |=014(m).

Orsert: 0,14 M
16. Ha BHyTpeHHEH MOBEPXHOCTH BpaIIalOlIerocs BOKPYT BEPTUKAJIBHOM OCH KOHYCa C YIJIOM MpPHU
BEPILMHBI HAXOAUTCA HEOOJbIIOE

BepmmHe 200 = 60° Ha BBICOTE h = 5 M oT Ix
teno. Koaduument tpenns mMexmy tenom u MIOBEPXHOCTHIO KOHYCA PaBEH W =
0,25. HaiitTu  MUHUMaJIbHYIO  YIJOBYIO CKOpPOCTb (® BpalleHUs KOHyca
BOKPYT BEpTUKAJIBLHOU OCH, IIPH KOTOPOH TEIO OyleT HEeMoABUKHO OTHOCUTEIBHO
KOHYCa. |
Hano Pewenue zla h

20 = 60°

h=5wm
n=0,25
-7

3anmauy ynoOHO peliaTh BO Bpallarollelcs HeMHEePIUAIbHON cucTeMe OTCUéTa, CBA3aHHOM C
koHycoM. CuJibl, IEHCTBYIONTUE HA TEJIO, TTOKa3aHbl HA PUCYHKE.
PaccmarprBaeM MOMEHT BpeMEHHU, HEMOCPEICTBEHHO TMPEANICCTBYIOMIUNA Havally JBH)KCHHS

Tesa 10 BHYTPEHHEH MOBEPXHOCTH KOHYCA, KOIA €r0 CKOPOCTh U YCKOPEHHE PAaBHBI HYIIIO, 4 CHJIA
TPEHUS MPEACTABISAET COOOM CUITY TPEHMSI TOKOS FTp =wN, rre N — Moxysh CHITBI HOPMAJTEHO# pe-
aKLMU OMOpPbl. YUUTHIBAEM, UTO B IaHHOM cucTeMe OTCUETa Ha TEJIO IEHCTBYET LIEHTpoOekHas cuiia
uHepuuu F g =m- o’ -h-tgo, rae h- tgo — paccTostHEE OT Tena 10 OCH BpaICHHS.

Jlns nmepexona K CKaJspHBIM COOTHOIIEHUSIM BBEJIEM OCH KOOPAUHAT X U y. 3allUIIeM ypaBHe-

HUA ABMKCHHA TCJIa B MPOCKIMAX HA 3TH OCHU, HC 336BIBa$I, 4TO €TI0 YCKOPCHUE B I[&HHOfI HCHUHCPIU-

aJbHOW CHCTEME PABHO HYIIIO:
x: —=N-cosa+F, -sina+m-w’-h-tga=0 wm
mcozh-tgoc = Ncosa—puNsina (1)
y:Nsina +F, coso—mg=0 um
mg = Nsina +pNcosa )

Pa3nenuB neByro u mpaByro 4acTu ypaBHEeHUS (1) COOTBETCTBEHHO Ha JIEBYIO M MPABYIO YaCTH ypaB-
HeHus (2), monydum

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

. [Tocne mpeobpazoBanuii OyaeM UMETh

g-(cosa—p-sina)
h-tga-(sino+p-cosa)

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

9,81-(0,866-0,25-0,5
0= ( ) =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=05c 3anauy OyaeMm pelarh BO Bpalllaloleiicss HeMHEPIHAIbHOM CUCTeMe OTCUETa, CBA-
© = 56° 3aHHOU ¢ 3eMiéi. [lomepeuHoe cMemeHrne cHapsaa MOXKET OBITh BBI3BAHO TOJIBKO JICH-

v=2800M/c | CTBHEM CHJIBL, KOTOpAs COCTABISET OTIIMYHbI OT HYJISl yIol C ILIOCKOCTBIO MEPU/INAHA, B
KOTOPOM JIKUT BEKTOP Ha4YallbHOUM cKOpocTu V. B BeIOpaHHOH cH-

creMe OTcuéra Takod cuiuoil sBisercss cuna  Kopuonuca
F. =2m [\7, (73] . Kak BuiHO 113 mpuBe&HHOTO BhIpaXKeHus, cuiia Kopuonmca mep-

NCHAUKYIISIPHA TUIOCKOCTH MEPHUIMAaHa, B KOTOPOU Jie)Kar BEKTOpsl V u o . Eé

MOJIYJIb paBeH F, =2mvV o Sing . YriioBas CKOPOCTh 3eMJIH ® MOXKET OBITh OTIpe-

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

c. Cuna Kopuronuca coo0mmaer cHapsy yCKOpeHHEe, MOYIb KOTOPOTO paBeH

F 4nv .
a=—=——:Ine. 1
m T ? M

Ananu3 BelpaxeHus (1) moka3pIBaeT, YTO TakK Kak 10 YCJIOBMIO 3a7adl vV = const, TO U YCKOPEHHE
TaK)K€ BEJIMYMHA [TOCTOSHHASA. JTO O3HAYAET, YTO ABM)KEHUE CHAps/a B HAIIPABJICHNH, NIEPIICHINKY-
JISIPHOM IIJIOCKOCTH MEPHUAMAHA, SIBJIAETCS PaBHOYCKOPEHHBIM, II09TOMY IonepedHoe cmemieHue Al

MOKHO ONpPENEIUTh o popmyIie
at?
Al = Voft+7 , Tie voe = 0.

vtzsin PIM_2-3,14-800-0,52
i 86400

Torma Al = 2n

.0,829 ~0,012 (m)

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 rpaq)m(,
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=Mdt;
dt

L t
IdL:IMdt, (1)
L 0

0

I7Ie BEpXHUN IIpenes HHTerpupoBanus L = L(t) — MOMEHT HMITYJIbCA JUCKA B HEKOTOPBIH MOMEHT
BpeMeHH 1.

Boruncnum nnterpan (1) st iByx unTepBasioB Bpemenu: 0 <t<t, u t; <t<t,, coorBercTBy-
IOIIUX PA3IMYHON 3aBUCUMOCTH MOMEHTA CUJIBI OT BPEMEHH.

Hauném c unrepBana Bpemenn 0<t<t;. U3 rpaduka 3aBucumoctu M =M (t), BUJIUM, YTO
B 3TOM BpeMeHHOM uHTepBaie M = const, mostomy u3 (1) momyuaem

L-L,=Mt.
Haiiném 3HadyeHHe MOMEHTA MMITYJIbCa B HavajdbHbIH MOMeHT Bpemenu {=0. Yurém mis

9TOI'0, YTO MOMCHT MMITYJIbCa CBA3AaH C er'IOBOﬁ CKOPOCTBIO Bpalll€HUS TE€JIa COOTHOIICHUEM BU1a
L=Jo=L,=Jao,.
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ITo ycnoBuro 3agauu "MUCK HAaUMHAET BpAIaTbCs U3 COCTOSHMSA MOKOs', 3HauuT ®, =0=>L,=0.

L
ITony4aem, uro B unTepBajue BpemMenn 0<t<t; L(t) = Mt, u ymoBasi CKOpOCTh ® = 3 = Tt -

HEIHO YBEITMYMBACTCS C POCTOM BPEMEHH. DTOT PE3yJIbTaT COOTBETCTBYET HAYalIbHBIM Y4aCcTKaM I'pa-
(huKOB a) U T).

3anumem uHterpan (1) s uarepBana Bpemenu t) <t <t,:
L t
[ dL=[Mmat
Lol tl
13 rpaduka 3aBucumoctn M = M(t), Buamm, uTo B 5TOM nHTepBane Bpemenn M =0, mo-
sTomy U3 (1) momyuaem
L - LOl = 0 .
rae L — 3HaueHne MOMEHTa UMITy/IbCa B IIPON3BOJIBHBIN MOMEHT BPEMEHH, IPUHAJICKAIIH HHTEP-
BaIly OT t1 110 t2; Loy = Mt; — 3HaYeHIe MOMEHTA HMITYIIbCa B MOMEHT BpemenH ti. Torma L(t)=Mt,
, T.€. B UHTepBaje BpeMeHHu t; <t<t, MOMEHT UMITyJbCca NMEET IMOCTOSHHOE 3HAYEHUE, CIIeI0Ba-

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

M
o=—1I.
71

I/ITaK, 10 MOMCHTAa BPCMCHHU tl y1jioBasg CKOpOCTb JIMHEWHO paCTéT, a 3aTeM, IOCTUTHYB 3Ha-

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 M €T0 IUNIOTHOCTh U3MEHSETCA 110 3aKOHY P =P, (Zj , Tne p, — const., a X — paccTosHUE,

HU3MEPSEMOE BIOJb CTEPKHS OT TOUKHU O.

Hano Pewenue
L=2wm ZA
m =5 Kr

BeienumM Ha cTepiKHE Maliblii y9acTok juimHoi 0X u maccoit dm , Haxozsmiuiicss Ha paccTo-
siHud X 0T Toukn O. Maccy 3Toro y4actka mpeicTaBuM Kak

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

rjie S — IIoMIab MOMEPEYHOro ceYeHust CTepxHs, dV =Sdx — 00béM ydacTka unHO#M dX . MoMeHT

uHepiu J Oynem onpenessth o Gopmyse J = I r’dm, roe r— pPacCTOSIHUE OT y4acTKa CTEPKHSI Mac-

m
coif dm 10 ocH z, OTHOCUTENEHO KOTOPOH OIpeJeNisieTCsl MOMEHT nHepuuu. M3 pucyHka BUIHO, YTO
3TO PACCTOSTHUE MOKHO MPEICTaBUTh B Bue = X-Sinol. [loacraBus Beipaxkenust 1usi r 1 dm B ¢op-
MyJy [Uid onpezeneHus J, Oynem umeThb

¢ 2 ¢ 5(°
J:J'(x2 sin? oc)po (%) Sdx :SZ—S‘S"‘Z oc.[x“dx :S‘;—gsin2 oc% .TlomcTaBUB BepXHMiT M HIDKHHI mIpe-
0 0

0

ACJIbI UHTCTPUPOBAHUS, ITIOJTYUUM

3
J:%sinza. (1)

Tak kak 3HaueHus S U P, B YCIOBHMM 3aJa4l OTCYTCTBYIOT, HAWJIEM HX CBA3b C MAaCCOW CTEPKHS,

KOTOpas U3BCCTHA:

; o x? pSl
m=J.p(X)dV=J.p0—ZSdX= =p,Sl=3m.
0 o ! 3

3amenuB p,S{ B popmyse (1) Ha 3M, Gymem UMeThH

_3me?

J sin .

[ToacTaBuB MCXOAHBIE JAHHBIE, TOJYYUM, 4TO J = 3 (KF'MZ).

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-

HOCHUTEIILHO TOM e Ocu. B nanHoii 3a1a4ue CBOMCTBO a/IMTUBHOCTH UCIIONB3YIOT Clie-
ayromuM obpasom. [leTanb mpeAcTaBisioT Kak CILUIOIIHON AUCK paguycoM R, U3 KOTOpOro yaanistoT
LIECTh OJMHAKOBBIX AMCKOB PaNyCaMU To. Toraa MOMEHT MHepLMH J neTanu oTHOcUuTenbHO ocu O
OyleT paBeH MOMEHTY MHEPIUH J| CILTONIHOTO JUCKA pagrnycoM R OTHOCUTENBHO TOM OCH 3a BbIUe-
TOM LIECTH MOMEHTOB UHEPLUHU J2 JUCKOB PainyCaMH Io, BBIYMCIEHHBIX OTHOCUTEIBHOU ocu O:

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

[Toryunum popmyity, ¢ MOMOIIBI0 KOTOPOM IO U3BECTHBIM Macce m U paauycy R MoxkHO pac-

0 CYUTaTb MOMCHT HMHCPHHU TOHKOI'0 CINIOIIHOI'O0 OJHOPOIHOIO

MPSIMOTO KPYTOBOTO LIMJIMH/APA (JUCKA) OTHOCUTEIBHO OCH, IEp-
MEHAUKYJISIPHOW OCHOBAaHUIO U TPOXOALIEH Yepe3 ero ueHrtp. Jis

STOTO BBIAEINM B JUCKE KOJIBIO PAANYCOM I, TOIIMHOM dr 1 Mac-
coit dm=pdV =ph2nardr, rae h — BeicoTa konbia, dS=2znrdr —

IJIOLIA/lb €r0 MOBEPXHOCTHU. Tak Kak KaX/1as TOUKa BBIIEICHHOTO
KOJIbLIa OTCTOMT OT OCH Ha OJJHO U TO YK€ PACCTOSHUE I, €TO0 MOMEHT
uHepLuu OyJIeT paBeH

dJ; = r’dm = 2rphrdr.

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

R R4
J, =2mph [ r¥dr =prh = )
0

Ecnu senuyuna niomuocmu mamepuana P, u3 KOMopoeo u32omoeieH OUcK, U e2o momyuna h He

ussecmuwvl, a macca 3adaua, gopmyny (2) npeobpaszyiom, yuumvledas, Ymo Macca OUCKA PABHA
2

m=pV =pnR*h. Tocoa momenm unepyuu cniowno2o 00OHOPOOHO20 OUCKA Onpedensiom no op-

mR?

myne ), =

MOMEHT MHEPLIUHK IMCKA PAIUyCcoM I, U Maccoii M’ OTHOCHTENLHO 3aJaHHOMN B YCIOBUHM 3a-

naun ocu O ompenenuM ¢ momolbio Teopemsl LlTeliHepa, cortacHO KOTOPOl MOMEHT MHEPIIUU Ma-
JIOTO AMCKa OTHOCUTENBHO ocu O, mpoxosieit yepes HeHTp O0JIBIIOro IUCKa paBeH CyMME MOMEHTa
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WHEPIIMH MAJIOTO JTUCKA OTHOCHTEIBHO OCH, POXOIAIICH napaiuiesHo ocu O yepes ero meHTp Macc,

M IIPOMU3BEACHUS MACChI MAJIOIr'0 JHMCKa Ha KBAaApaT PAaCCTOSAHUA ' MEXKAY OCSAMU.

2 4 2
m'r rthr, I
—20 +mr2 =P > o 4 prhrZr? = prhr? %H

\]2: 2

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

r2

_pmh R*—12r2 %4—1‘2

4 2
J=ﬂ—6pnhr02 %HZ

Tocne Borucaenuit nomyunm, uto J ~ 0,049 kr-m? .

Otger: 0,049 kr-m>
4. OnpeneanuTs MOMEHT MHEPLIMU TOHKOTO OAHOPOIHOTO KoJbila Maccoit 20 T u paguycoM 1 M OTHO-
cutenbHO ocu O, KacareabHON K OOKOBOM MOBEPXHOCTH KOJIbLIA U JISKAIIIEH B €T0 IIIOCKOCTH.

Hano Pewenue
m = 0,02 kr
R=1m
To—? |

o} 0]

Cravasa Haii1éM MOMEHT HHEpIMHU Koiibia oTHOocuTebHO ock O'O’ | mpoxosieit yepes ero 1neHTp,
o ¢popmyiie
Jy :jrzdm, (1)

rie F=RsSino — paccrosiHue OT BBIACICHHOTO AIEMEHTAPHOrO yyacTka konbita dm o ocu O'0’;
dm =2Ad( =ARdo — macca snemeHTapHOro ydyactka Kosbia amuHoi df = Rdo, A — auHeiiHas mior-
HOCTh Marepuaa, U3 KOTOPOro H3rOTOBJIEHO KOJIBIIO.

Ecnu 06bémMuas niomnocms mena p YucieHHO pasHa Macce eOuHuybl €20 00beéma, mo IuHet-
HAsL NIOMHOCMb A YUCTIEHHO PAGHA MACCe eOUHUYbL €20 ONUHbL. DMy Xapakmepucmuxy yOOOHO Uc-
NONb308AMb, €CIU, HANPUMED, MOIUUHA U 8bICOMA MENA MAIbL NO CPABHEHUIO C €20 OJUHOU, KaK MO
U UMeem Mecmo 8 Cydae MOHKO20 KOIbYd.
[MoncraBum BeipaskeHus uisi r u dm B (1):

2n 21
Jo = [ R%sin?ada =AR? [ sin? ada. )
0 0

UTOOBI BBIYUCIUTH 3TOT HHTETPAJ, BOCTIONB3yeMCs (hOpMyIton
2 1-cos2a

sin“a =
2 2 . 2
K al”™ sin2al™”
Torna Ism adoa=—| - =
0 20 4 0
—
=n -0

[TogcTaBuB MOTYYEHHOE 3HAYEHUE OMPEACTEHHOTO HHTErpaja, OyaeM UMETh
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3
Joy =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

_ MRt mR?

J. =
°  2nR 2

HJISI OIpeaACICHUA MOMCHTA MHCPIIMKU TOHKOT'O KOJIbIId OTHOCUTCIIbBHO OCHU (0] BOCITIOJIB3YyCMCA TCOPC-

Mo [relinepa:

2
Jy=Jy +mMR? =%+mR2 :ngZ.

Tlocne BBIUKUCIIEHUN UMeEEM

3 =g-0,02~1=0,03(KF~M2).

Otsert: 0,03 kr-m?

5. OnpeneanTs MOMEHT UHEPLUH CIUIOIIHOTO OJHOPOAHOTO KPYIVIOTO MPSMOro KOHyca Maccoil m =
5 KT 4 paguycoM OCHOBaHUsSI 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
dJ, :Edm-rz =§pnr4dh, (1)

e dm=pdV =pSdh = par?dh , p — 0GBEMHAs IIIOTHOCTS MaTepHAIa, U3 KOTOPOTO H3rOTOBICH KO-
HYC.
JIJ1st BBIYUCIICHUSI MOMEHTA HHEPIIMU KOHyca HaliIEM CBSI3b MEXK/y BBICOTOM U paJiycoM KoHyca. M3
nono6ust TpeyronpbHUKOB AOAE u ABCE nmeem:
H-h
r

H
R
Juddepenuupyst 310 BeIpakeHHE, OITYIUM

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

1 H
Torma, moncrasus (2) B (1), momyunm, uro dJ, = —Epnr4 Edr . IHTErpHUpyeM 3TO BBIpaKEeHUE

0 4
1 H¢gy 1 RH
J,=—=mp—|ridr===xn
. pRF{ i

> )

Tak xak p u H He U3BECTHBI, BBIPA3UM HX Yepe3 MacCy KOHyca m, I Yero HaaéM CBSI3b MEXIY
BeluyuHaMu m,p, H

dm = pdV = prrdh = mpr? (_ger , TOATOMY

0 3 2
H HR HR
m:—np—jrzdr:np - TP .

RS 3R 3

Torma
mpHR? =3m. (4)
[lonctaBuB (4) B (3), moiayyuM, YTO MOMEHT HHEPLMHU KOHYCAa OTHOCHUTEIIBHO OCH Z pPaBEH
J, = 3 MR,
10
[Tocne moacTaHOBKM YMCIIEHHBIX 3HAYEHUH BeTM4nMH m U R, Oynem numersb
3.5.2°
J, = =6 kr'm>.
10

OTBeT: 6 KI"M?

6. Cuta F=Ai + Bt] +Ctk OPHIOKEHa K TOYKE, PaJnyC-BEKTOP KOTOpOil I = Dt%i + E] +Ltk.
Hpunsats A =5 H; B=3 H/c; C=0,5H/c*; D=2 m/c*; E=3 m; L = 1 m/c. HaiiTu B MOMEHT BpeMeHH
t =2 ¢ MOMEHT CHJIBI OTHOCUTEIIPHO Hayasla KOOPJAMHAT ¥ MOYJIh BEKTOPa MOMEHTA CHIIBL.

/ano Pewienue
E= Af n Bt] + Ct3R ComnnacHO OIpeeIeHNI0 MOMEHT CHJIbI M OTHOCHTEIbHO Hauama KoOopau-
B o _ | Har paBeH BEKTOPHOMY MPOMU3BEICHUIO PANyC-BEKTOPA TOUKH MPHUIIOKE-
F=Dti +Ej+Ltk HUSI CUJIbI HA BEKTOP CUJIbL. Y UATHIBAEM, YTO
A=H F=Xi+yj+zkK,
B=3H/c . .
CZO,SH/C3 F:FXI+FyJ+FZk'
D =2 m/c? Torna
E=3w PI okl d K
L=1Twml M:[F,IEJ:X y z|=|Dt® E Lt|.
t=2c¢ E F F 3
M _ M2 x 'ty Iz A Bt Ct

M =(E-Ct3—Bt-Lt)T-+(A-Lt—Dt2-Cts)]-+(Dt2-Bt—A-E)R.Hoz(-

CTaBMB YMCIICHHBIE 3HaueHust, momyuum M =-22- j+33-k.

Monyib 3TOro BEKTOpa paBeH

M= [M2 + M2+ M2 =J0+222+33% ~39,7 (H ).
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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 v 3 lg
g =10 m/c? R ANYY
AL -? 7 —
Yy

[Tpupanienue BeKTopa MOMEHTa UMITYJIbca Tejla OTHOCUTENBHO TOUKH Opocanust O paBHO
AL=L- L0 . (1)
Hainém L0 u L. YuuteiBaem, 4To qBMKEHHE TPOUCXOIUT B TuIockoCcTH XOVY, mostomy z =7, =0, p

= Pz = 0. o ycnoButo 3agauu Py, = 0. Torna

i ]k
L, =[%.P,]=|0 0 0]=0, 2)
Pxo Pyo Pz
i ]k
L=[r.p]=|x y O=L=(x-py-y-pi)k. (3)
Px Py O
U3 (1) u (2) cnemyert, uto AL =L :>‘A [‘ =L . Torma u3 (3)
AL=L=(x-py—y-py)- (4)

ConpoTuBlieHHE BO3/yXa HE YUUTHIBAETCS, TOATOMY BIOJb OCH X TEJIO JIBUKETCS PAaBHOMEPHO CO
CKOPOCTBIO V,, @ IO OCH Y — PABHOYCKOPEHHO C YCKOPEHHUEM, PaBHBIM YCKOPEHHUIO CBOOOIHOTO Ia-

nenus g. O4eBUAHO, YTO

2
X=Vol,py=mvy,=mv,y= %; py, =mv, =mgt. IloacTaBuB 5TH BbIpaXeHNs B (4), Oy1eM HMETh

2 2
ALz(vot-mgt—%mvoj:%.

Y4auThIBas UCXOAHEIE JaHHBIC, ITOJIYUIUM

ALZMZQO(KF-MZ).

Otser: 90 kr-m>

8. OnHOpOHBIN MIMHAPUYECKHH Bald Maccoll m = 12 kr u paguycom R = 0,03 M Bpamaercs ¢ 4a-
cToToil v =15 00/c. B MoMmeHT t = () K TOBEpXHOCTH Bajia MPUKaJIH TOPMO3HYIO KOJIOAKY ¢ cuioit F =
10 H. Koa¢punment tpenus: kojaoaku o Bai p = 0,314. Haiitu Bpems, 3a KOTOpoe Ball
OCTaHOBUTCSI.

ano Pewenue



m =12 kr
R=0,03m
v =15 00/c
F=10H
u=0,314
t—?

COoriaCHO
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,HJ'IH PEIICHUA 3aaa4u BOCIIOJIB3YEMCS OCHOBHBIM 3daKOHOM BpallaTCIbHOIO

JBUKEHUS TBEPIOTO Teja (B HAILIEM CTydae — Bajia) BOKPYT HEMOJBUXKHOM OCH Z:

rie J, — MOMEHT MHEpLUM Baja

[IpounTerpupyem ypaBHeHHe (2)

" IIOJIYUHUM

Tak kak M, = puF'R, J, =

J,e=M,, (1)

OTHOCUTENIbHO ocu z; M

Z A z
MOMEHT CHJTBI TpEeHUs = A OTHOCHUTEJIBHO JTOM K€ OCH.
A /
™ d
IloncraBuB B (1) BBIpaXkeHue Ui ‘CD YIJIOBOTO YCKOPEHUS € = —d—(:
(3HaK MHHYC YKa3bIBa€T Ha TO, YTO C TEUECHUEM YG, BPEMEHH  ynioBas - CKOpOCTb,
YCIIOBUIO 3aJauu, JOJDKHA YMEHBIIAThCS ), Oy1eM UMETh
do
J,| —— =M, unu
Z ( dt j z
JZ
dt=——-do (2)
Z
t ] »=0
fdt=—=2 [ do
0 MZ 0=,
J
M, 0 A3)
mR?
—, ®, = 2nv u3 (3) Oyaem umertsb
(_MR?:27v _ mRry @
2uFR uF
[ToncTasnsieM ynCIIEHHbIE 3HAYEHUSI BETMYHMH, BXOAALIUX B (hopmyny (4), ¥ momydaem:
12.0,03-3,14-15
t= =5,4(c)
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 Hwm/c €TCsl ypaBHEHUEM
m =3 Kr M=Je, (D)
R=15wm TJI€ € — YIJIOBOE YCKOPEHUE IUCKA, @ J — MOMEHT €ro MHEPLIMM OTHOCUTENBHO OCH
t=2¢ BpaleHUsl, PaBHBIN B JAHHOM CJIy4ae
0—? )= mR?

2
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d d
VYuuteIBas, uTo € = d—(: , ypaBuenue (1) 3anumiem B Buae M =1J d—? . IIpeoOpazyst, moayuum

dw=¥dt. (2)

m
[oxcrasisis B (2) BolpaxkeHns it MoMenta cui M = At® u mMomenTa uHeprun J = — Oynem

NUMCTH
2At
do = dt. 3
—RZ 3)
WuTerpupyem ypasaenue (3)
A 4
jdco- 3dt:>0)— ¢ > 4)
2mR
3Hast 3aBUCUMOCTD YIJIOBOM CKOPOCTH OT BpeMeHHU (4), HaX0IUM yTroJl IOBOPOTa O:
d(p At?
=d odt = do = dt.
dt P= ?=omR?
I/IHTCFpI/Ip}UI OTO BBIPAKCHUC, HOJ'Iy‘{I/IM
[0)
d tdt,
'([ °s 2mR2 j
AL
= 5
?= TomR? ©®)
[ToncTaBuB uKMcIeHHBIE 3HAYEHUS BETMYHH, BXOJIALINX B BbIpaxeHue (5), OyaeM nuMeThb
4.2%
=———=~19pan
?=10 3.1,52 P

Otser: 1,9 pan
10. Ogunopoansiit auck Maccoid m = 10 kr u paauycom R = 1 M MoxkeT Bpamiarbcsi 0e3 TpeHus BOKPYT
HEIO/IBUKHOW BEPTUKAJIbHOMN OCH Z, IEPIIEHIUKYIIIPHOM INIOCKOCTH IUCKA U IIPOXOISIIEH Yepes ero
reOMETPUYECKHUM HEHTp. B HauanbHBI MOMEHT BPEMEHU HA MOKOSIIUICS TUCK HAYMHAET JEHCTBO-
BaTh cuia F = Bt, nexamas B MIOCKOCTH JMCKAa U HalpaBiieHHAs MO KacaTeJbHOM K ero OOKOBOMU
noBepxHocTU. [TocTosHnyto B npunsate paBHoit 9 H/c. Haiitu Bpems, 3a KOTOpoe IHMCK MOBEPHETCS
Ha yron @ = 8,1 pan.

Hano Pewienue

F = Bt 3anuiieM OCHOBHOM 3aKOH JMHAMHKHU BPAIIaTeIbHOTO ABMKEHUS TBEPIOTO Tea
m= 10 kr OTHOCHUTEIIFHO HETIOJBIXKHOM OCH Z

R=1wm ‘]ZEZMZ’ (1)
B=9H/c mR?2

¢ =28,1 par rae J, = — MOMEHT MUHEPLHUHU JAUCKA OTHOCUTEIBHO OCH €r0 CUMMETPUH Z,

2
_9 . N
t=7 MPOXO/ISIIEH Yepe3 reOMeTPUUECKUN LEHTP NEPIEHANKYISIPHO K €ro MIOCKOCTH;

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

[To ompeneneHuIo yriaoBoe yCKOPEHHE PaBHO
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do
&E=—,. 2
at )
N3 (1) u (2) nonyyaem
do_M, _2F _28t o
dt J, mR mR’
IIpounTerpuposas (3), Hail1I€M 3aBUCHMOCTb YITIOBOM CKOPOCTH OT BPEMEHHU:
® t 2
2B Bt
I dmz—jtdt:m:—. 4)
0 MRy m
UroObl HAMTH BPEMEHHYIO 3aBUCUMOCTD yTJIa TOBOPOTA AUCKA, YUTEM, UTO
oozd—(p:>d(p:03dt. (5)
dt
[Tpu unrerpupoBanuu (5) Bocmonb3yeMcs BeIpaxkeHueM (4):
o t t 3
B Bt
.[d(p = Imdt == —Itzdt =—.
0 0 mR g 3mR
mR
Torma t=3 ’ST(P . [loncTaBuB UCX0HBIC JAHHBIE, TOJIYYUM, 4TO t = 3 C.
Otser: 3 ¢

11. OnuH KOHEll BUCAILEH BEPTUKAJIbHO TOHKON, HEBECOMOM M HEPACTSHKMMOM HUTH 3aKpEIUIeH Ha

MOTOJIKE, & IPYTOW TUIOTHO HAMOTAH Ha CILTOIIHONW OAHOPOIHBIN TOHKUW IUCK Maccol 6 K. B MomeHT

BpeMeHH to= 0 AUCK HaunHaeT najaars. OnpeaenanTbs MOyJb CUJIbl HATSKEHUS HUTH.
/ano Pewienue

m = 6 Kr JIucK y4acTBYET B CIIOKHOM JIBUKEHUH, KOTOPOE MOKHO IPEACTABUTH

KaK CyIEpIIO3ULHUIO ITOCTYIaTEIBbHOIO IBUKEHUS BIOJIb OCH Y U Bpalle-

HHUA BOKPYT OCHU €TI0 CUMMCTPUH. Sanumiem YPaBHCHUS 3TUX I[BI/I)KCHI/If/i.

B cooTrBeTcTBHU CO BTOPBIM 3aKOHOM HBIOTOHa, 3allMCAHHBIM B IIPOCKIUU HA OChHb Y,
MOCTYNATCIIbHOC ABUKCHUC OIIMCHIBACTCA YPAaBHCHUCM

mg—T=ma (1)

Tak xak HUTH HEBCCOMA, YPAaBHCHUC BpAIlATCIbHOTO ABUKCHHU A 6y,ueT HUMECTb BU
M =Je )

qu/ITI)IBaH, YTO MOMEHT CHJIBI TAXKCECTU OTHOCHUTCIIBHO OCH CUMMECTPUH JHUCKa PAaBEH HYIIO, MOMCHT

cwibl HaTskeHnss M = TR | MOMEHT WHEpIMH OHOPOTHOTO JHUCKA OTHOCHUTEIHHO OCH CUMMETPUH

R? a
J= 5 U YIJIOBOE YCKOPEHHUE MOXKHO MPENCTABUTh KaK € = R’ ypaBHEHUE (2) 3anUIlIeM B BUIE
2
mR“ a
TR = —.
2 R
[Tocne anrebpanyeckux mpeoOpa3oBaHUl HMEEM
ma
T= X = ma=2T 3)

[Moncrasum (3) B (1):

mg-T=2T=T="9
3
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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 31011 3aaue paccMarpuBaeTcs IBUKEHUE TPEX TEII: IByX IPy30B Macco m, U CTy-
r=02m neHyaroro Bajia. [Ipu 3TOM rpy3bl JBUKYTCS MOCTyMa- L
m =2 Kr TEJIbHO M WX JIBUKEHUE OIUCHIBACTCS BTOPBHIM 3aKOHOM
A
J=3-102kr-m? | HploTOHa, a Bax BpaLIaeTCsl BOKPYT HEMOABUAKHOW OCH, U / O\ T
ar—7a—"? €ro JBHIKCHHE MPOMCXOJUT B COOTBETCTBHUU C OCHOBHBIM 2R °© ) "2T
3aKOHOM BpallleHus TBEPJOro Teja. 3anuchbiBa€M COOTBET- 4 \ 74
CTBYIOIIIME YPABHEHUS: - o AT
y y - T A a, T2
? m
T,— G = ma,; ¢ l
M=Je | = ¢G
GY 4
Y4auTeiBaeM, 94TO
G=mg, (1)
MOMEHT CHJI HaTSKEHUS, ICUCTBYIOIIUX CO CTOPOHBI HUTEH Ha Bal,
M=TR-T,r, 2)
a YIJIOBOE YCKOPEHHE Bajia B OTCYTCTBUHU MPOCKAIb3bIBAHUS HUTEH
a a
g=—t=—2 3)
R r

r
Kak cnenyer u3 cootnomenus (3) a, = a, R’ TOTJa YPABHEHUSI JBM)KEHUS T€J IPUMYT BUJT

mg—T; = may;

a,r
T,— mg = m—;
2 g R

a
TlR—Tzr:J-El.

PemaeM 3Ty cucreMy ypaBHEHUI U MOJTy4daeM

mg(R-r)=a mRerﬁJri
' R R

Torma yckopeHue epBoro rpysa OyeT paBHO
_ mgR (R-r)
L mR2+mr2 43’

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

a2=3,65-%:1,82 (m/c?).

,

Ortger: a1 = 3,65 m/c%; a2 = 1,82 m/c?
13. Ha oqHOpOHBIN 1MCK Maccoi mi = 2 KT U paJlyCcoM R =2 M, KOTOpBII MOXKET BpalaTrbcs
BOKPYT TOpu30HTaIbHOM ocu O 0e3 TpeHus, IJIOTHO HaMOTaHa TOHKast HUTh JUIMHOM L =3 M 1 Maccoii
m2 = 0,5 k. B MoMeHT BpeMmeHH t, = 0 Ha HUTh HaunMHaeT aelcTBoBarh cuia F =5 H, nanpasiennas
M0 KacareabHOW K OOKOBOH MOBEPXHOCTH JHMCKA BEPTHKAIBHO BHU3. HaliTh yrimoBoe yckopeHue
JIMCKa B TOT MOMEHT BPEMEHH, KOTJIa C Hero OyJieT cBucaTh 4acTb HUTH JuinHOM = 1 M. IIpockanb3bl-

BAHUC HUTU OTHOCUTCIIbHO AUCKAa OTCYTCTBYCT.

Hano Pewienue

m; =2 Kr AHanu3upys xapakrep JBHKEHUS JAUCKAa U HUTU, OTMEYAEM, YTO CBUCAIO-
ms = 0,5 kr LI Y4aCTOK HUTH JBHKETCS IOCTYIIATEIbHO, & IUCK BMECTE C HAMOTAHHOM Ha
R=2wm HEro OCTaBILIEHCS YaCTh0 HUTH BPALa€TCsl BOKPYT HEMOABHUKHOM ocu. IIpu Bpa-
F=5H IIEHUU JAMCKA HUTh CMAaThIBA€TCS C HEro. JTO MPUBOAUT K U3MEHEHUIO MOMEHTA
L=3wm UHepLH J, Tena, 00pa3oBaHHOIO AUCKOM M HAMOTAHHOM Ha HEro HUThIO. Takoe
=1wm JIBIDKEHUE MOXKET OBITh OMMCAHO YPaBHEHHEM BUA

g—"? dﬁ _

pm =M,, (M

rne Lo — MOMEHT umnysbca Iucka U HUTH OTHOcUTeNnbHO ocu O, a M, — MOMEHT JeHCTBYIONINX Ha
HHUX CHJI, OTHOCUTEIBLHO TOH K€ OCH.

Haiiném MoMeHT cuil, NeWCTBYIONIMX HA CUCTEMY, OTHOCUTENIBHO ocu O. YUTéMm, 4TO Ha TUCK
C HAMOTAHHOM Ha HETO HUTHIO CO CTOPOHBI CBUCAIOIIEH €€ YaCTH JEUCTBYET CUJIA TSKECTH, MOMEHT

KOTOPOI OTHOCUTENIBHO OcH BpatieHus O aucka paBeH
m,(
M; ===0R,

m m o
rac TZ — Macca CJMHUIbI IJIMHBI HUTH, Tzf — Macca CBUCAOUICro ¢ JUCKa y4acTKa HUTU AJIMHOU

{. Kpome Toro B TOM k€ HalpaBJICHUH Ha AWCK C HUTBIO JEHCTBYET cHila F, MOMEHT KOTOPOW OTHO-
cutenbHO ocu O onpenensercs BIpa)KeHUEM

M? =FR.
PesynbTupyromuii MOMEHT Torna OyneT paBeH

MO=M[)+M;',:R[mT2£g+Fj. 2)

[Tepeliném Kk ONpeneIEHNI0O MOMEHTA UMITYJIbCA CUCTEMBI " UCK+HUTB", YIUTBIBAs, YTO IUCK
Y 4acTh HUTH JUIMHON L — { ydacTBYIOT BO BpalaTeIbHOM ABM)KEHUU C YINIOBOM CKOPOCTBIO M, a
4aCTh HUTH JJIMHOM { JBMIKETCS TMOCTYIATEIHLHO CO CKOPOCThIO V = 0R .

m,(

L, =J,0+—2-Rv, 3)

m,R? .\ m,(L— ()R?
2 L

rae J, = — MOMEHT UHEPLIUH CUCTEMBI, COCTOSIEH U3 TUCKAa U HAMOTAaHHOM Ha
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HETro HUTH.

ITocne noncranoBKY BbIpaskeHus 11st J, B (3) Oynem umerh

2  AD2 )
Loz(mlR L My(L-OR J(’H Myl o _

2 L

2

Uto06s1 BOCTIONIB30BaThCs ypaBHeHUEM (1), HallAEM MPOU3BOAHYIO IO BPEMEHU OT MOMEHTA UMITYJIbCa
L .

0-

dh:(ﬁ+m2jR2d—®:(ﬂ+m2jR28. 4)
dt 2 dt 2

[Toncrasus (2) u (4) B (1), Oynem umeth

(ﬂ-i- mszzs = R(ﬂfg+ Fj =g= 2(m2Kg+ LF) .
2 L (m;+2m,)LR

3Has YMCleHHbIe 3HAYeHHs BeJIMYuH my, my, L, £, F u R, monyuum, uto € ~ 2,2 pan/c?.

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 ciocoOy momyueHust pe3yabraTa pa3iudaroT MpsMble U KOCBeHHbIe u3Mepenus. [Ipu 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-

TCJ'ILHOFO) 3Ha4YCHUA X, H3MepHeMOﬁ BCIINYHNHEI.

Paznauuaror 8.6COJ'IIOTHYIO U OTHOCHUTCJIbHYIO ITOT'PCIIHOCTHU H3MepeHHI>i.
Abconomnuasn nozpeuwtHocmsp — 5TO MOAYJIb Pa3HOCTU MEKAY U3MECPCHHBIM U UCTUHHBIM 3HA-

YCHUAMU (1)I/I3I/I‘ICCKOI\/’I BCJIIMYHHBI, TO €CTh AX = |X - XO| .

Omnocumenvnasn nozpeuitHocmsp — 5TO OTHOLICHUC a0COFOTHOM IMOTrpeIIHOCTU K HCTUHHOMY
3HaA4YCHUIO HSMCpHCMOfI BCIIMYHUHBI UJIKN K BCIIMYHUHC, HpI/IHI/IMaeMOI\/’I 3a HICTUHHOC 3HAUYCHUC!
AX

d=—.
X

o
Yacto OTHOCUTEIHHYIO MOTPEITHOCTh BBIPAKAIOT B MPOIICHTAX:
o= 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 HaCTO HA3bIBAXOT MAaTEMAaTHU4YCCKUM O)KI/II[aHI/IeM) OIpeaAcCIAOT

o gopmyie:

N3mepennble 3Ha4eHMs X; B OOJIbIIIEH MJIM MEHBIIEH CTETIEHH PacCesHbl OTHOCUTEIBHO CPEell-
Hero apugmMeTndeckoro 3HaueHus. Haubonee ynorpeOuTenbHoi Mepoid, XapaKTepu3yIollel CTeneHb
paccestHUs BEIIMYUHBI X, SBJISIETCS ducnepcus. Jlucnepcrio onpenensior no Gopmye

Bennuuny S, = \/B =

I[J'ISI OLCHKU TOYHOCTHU OIPCACICHUA CPECAHCTO 3HAYCHUSA <X> HCIOJIB3YIOT BCJIMYHNHY, Ha3bIBA-

EMYIO CPeOHUM KEAOPAMUYHBIM OMKIOHEHUEM CPeOHeZ0 3HAUeHUsA VI CHAHOAPMHBLIM OMKI10-
HeHuem cpeoHezo, KOTOPYIO BBIUUCISIOT 10 (hopMmyrie

Urak, nelicTBUe HempeacKa3zyeMbIX (GakTOpOB MPUBOIUT K TOMY, YTO PE3yJIbTaThl MPSMBIX U3-
MepeHu (PU3MIECKON BEIIMYMHBI B OOJIBIICH MM MEHBIIEH CTENEHU OTINYAIOTCS OT HCTHHHOTO €&
3HAYEHHUS, T.€. ONMPEACISAIOTCA C HEKOTOPOM MOrpelIHoCcThi0. BennunHy norpenHoctd 0003HavaoT
Kak AX U IpU BBIIOJHEHUH JTaOOPAaTOPHBIX paboT B Kypce GU3MKU MPUHUMAIOT paBHOW AX = S<X> .
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[Ipu 3amucu pesynbraTa U3MEpPeHH HEOOXOAUMO BETUUYHMHY MOTPEIIHOCTH AX OKPYIIIUTH 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. OnpenesieHne NOrpelIHOCTH KOCBEHHBIX H3MepeHHUil

B KOCBEHHBIX M3MEpEHUsX OlpenesseMas BeIMUMHA BBIUUCISETCS 10 pe3yJbTaraM IpsSMbIX
M3MEPEHUM APYTruX BEIMYUH, OT KOTOPBIX OHA 3aBHCUT, C TIOMOILBIO (POPMYJI WM APYTUX AITOPHUT-
MOB, ITOJIy4YEHHbBIX TEOPETUUECKUM ITYTEM.

Ecnu sxcriepuMeHTBI IPOBOASITCS] B UIEHTUYHBIX YCIOBUSAX, TO U3MEPEHUS HA3bIBAIOT PAGHO-
mounvimu. Eciii yciioBUs, B KOTOPHIX BBIIOJHSIOTCS MPSIMbIE U3MEPEHUS, U3MEHSIOTCS, TO TaKue
U3MEPEHUS Ha3bIBAIOT HEPAGHOMOYHBIMU.

MeTtonrka OIIEeHKH KOCBEHHBIX ITOTPEIIHOCTEN B CIIyyasix paBHOTOUHBIX U HEPABHOTOUHBIX U3-
MEpEHUN pa3anyHa.

[Tycth HEOOXOAMMO OIPENENUTh YUCICHHOE 3HaueHue (hru3nueckoil BeinnunHsl F, u3smeputs Ko-
TOPYIO IPSIMBIMU METO/IaMU HEBO3MOKHO, HO U3BECTHO, KAK OHA 3aBHCHUT OT BEJIMYMHBI X, 3HAUCHHUE
KOTOPOI MOKHO MOJIYYHUTh NP MPSIMbIX PABHOTOYHBIX U3MEPEHUSX.

Haunyumiee npubnnxeHne K HICTHHHOMY 3HauY€HUIO BelnnuuHbl F nomydarot, ecnu B pyHKIMO-
HAaJIbHYIO 3aBUCUMOCTh F = { (x) noacrasnstor cpeaHee apupmMeTuyeckoe BEITUUUHBI X, T.€.
HawTyuliee NpuoIkeHre K MCTUHHOMY 3Ha4€HUI0 BelnuuHbl F paBHO

(F)=1((x))-

OrneHuM abCcoNMOTHYIO NorpemHocTs AF KOCBEHHOTo u3MepeHus BenuuuHbl F, koTtopas o0y-
CJIOBJIEHA TEM, YTO UCTUHHOE 3HAYEHUS X JISKUT BHYTPU HHTEPBAJIA C TPAHULIAMHU <X> + AX . Ilo sToit
npuyrHe abcomoTHas norpemHocT AF BenuuuHbl F npeacrasiser coOoil npuparienne GyHKIun
f(X) npu nmpupaiieHuy apryMeHTa X Ha BeIMYMHY aOCOJIOTHOM MOrpenrHocTd AX €ero U3MepeHusl.

[Tpu manbix 3HaueHnsx AX npupamienne AF MOXXHO BbIpa3uTh NPUOIMKEHHBIM PABEHCTBOM

AF = d(f(x))
dx X=(x)

rae npousBoaHas no X oT pynkuuu F = f (x) Gepercs B Touke X = <X> .

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

OTHOIlIEHHWE aOCONIOTHOM MOTpemHOCTH AF K CpelHEeMy CTaTUCTHYECKOMY €€ 3HaueHHIo

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

nim
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1 df(x)
f(x) dx

x=(X)
Y4auTeIBaeM, 4TO
d 1 df(x)
—(n(f =——>,
dx n( (X)) f(x) dx

TOI",Z[a BBIPAXXCHUC IJIA OTHOCHUTEIIbHOU IIOrp€IIHOCTH an06peTaeT BUJ

d (En f (x))
e=— —~~ AX .
dx
x=(x)
[Tepeiiném x ciydaro, korja BenuuuHa F sBiseTcs QyHKIMEH HECKOIbKHX MEPEMEHHBIX, T.C.
3aBUCUT OT HCCKOJIBKMX BCJIMYHH X, y, Z, t, cees p HpI/I 3TOM Q)YHKHI/IOHaHBHaﬂ 3dBUCHUMOCTB I/ICCJ'ICI[y-

emoit Besmmunbsl F=f(X,v,z,t,...,p) OT BeauuuH X z, t, ... 3HAYEHUS] KOTOPBIX MOI'YT OBITh
2 b b o b 2

HU3MCPCHLI B XOA€ IPAMBIX PABHOTOYHBIX H3MepeHHﬁ, TroJiaraeTcs H3BECTHOM.
HaI/IJ'IyLIH_II/IM HpI/I6J'II/I)KeHI/IeM K UICTUHHOMY 3HAYCHHUIO HEU3BECTHOU F, KakK IIOKa3aHO B MAaTec-
MaTH4eCKOMN CTAaTUCTHKEC, ABJIACTCS BCIMYUHA, OIIPEACIIACMAsl 110 (bOpMy.]'Ie

(F)=F(0<):(¥):(2):(t), (P))
rae <X> , <y> , <Z> : <t>, vy <p> — cpenHue apuMeTHISCKUE 3HAYCHUS BEIHYUH X, Y, Z, 1, ..., P, KOTOPBIC

OBUIN TIOJTYYEHBI B PE3yJIbTaTe MPSIMBIX U3MEPEHHI 10 METOIUKE, PACCMOTPEHHOH BBIIIIE.

[Tocne BbruMcaeHUs MPUOTMKEHHOTO 3HAUYEHUSI UICKOMOW BeTUYMHBI F HE0OXOAMMO OLIEHUTH
MOTPEIIHOCTD MOIYYEHHOTIO PE3YJIBTaTa.

Hcexonum U3 mpeanonokeHus 0 TOM, YTO Pe3yiIbTaThl U3MEPEHUH KaX 101 U3 BEJIUYMH X, Y, Z, t,
..., P HE 3aBUCAT OT 3HAYEHUHN OCTAJbHBIX BEJIMYMH, a, 3HAYUT, U IOTPEIIHOCTH U3MEPEHUS ITUX Be-
JIMYUH HE 3aBUCAT JIPYT OT JIpyra, HO3TOMY Ka)KJyl0 YaCTHYIO MOTPENIHOCTh (BKJIaa B OOIIyIO MO-
IPELIHOCTh OAHON U3 UCXOJHBIX BETUYMH X, Z, 1, ..., p) MOKHO HaXOJUTh, [T0JIaras MOrpeurHoCTH BCeX
JPYTUX BEJIMYMH paBHBIMH HYJI0. OTCIO/IA CIIEYET, UTO:

1) kaxxaast yacTHasl MOrPENIHOCTh HAXOUTCS MO MPABHITY HAX0XK/IEHUS OTPEIIHOCTH U3Mepe-
HUS BEJIMUYUHBI, SBJSIOLIECS PyHKIMEN TONBKO OAHON EPEMEHHOM;

2) npeAnonokeHue 00 OTCYTCTBUHU MOTPEIIHOCTEN y APYTUX apIYMEHTOB, COOTBETCTBYET IPE/I-
MOJIOKEHUIO 00 UX TIOCTOSIHCTBE, O3TOMY NPH HAXOXKJICHUHM YaCTHOM MOTPEIIHOCTH MO0 HEKOTOPO

BCJIIMYHHE CIICAYCT ONPEACIIATh YaCTHYIO ITIPOU3BOAHYIO I10 JTOM BEIMYHHE:

AF :M AX,
" OX x=(x).y=(y).....p=(p)
AF, = o(f(x.y.....)) Ay,

oy x=(x),y=(y)..--.p=(p)
aF, = 2(%Y....P)) Ap.
op X=(%),y=(¥ )--.p=(p)

YacTtHast mpou3BoAHAasl (PyHKIIMHM HECKOJIBKUX MEPEMEHHBIX MPEACTaBIsIeT c000il 0OBIKHOBEH-
HYIO TPOU3BOIHYIO (PYHKIIMU OJHOM MepeMeHHON py (UKCHPOBAHHOM 3HAYCHHUHU JPYTHX MIEpPEMEH-

HBIX:
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of(x,y,z,t,p) g
oX

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

5 (X,¥,2,t,p), t1e y,z,t,p = const

y(X,¥,2,t,p), e X,2,t,p = const

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

YacTHble MPOU3BOAHBIC BBIYUCISIOT MO (OpMyJaM W MpaBUIIaM BBIYHUCICHUS TPOU3BOIHOM

I[;(x,y,z,t,p) ,TIe X,Y,z,t =const

(GyHKUIMHU OHOM MEPEMEHHOM, CUNTAs IIPH 3TOM JIpyTHe epEMEHHbIE KOHCTAaHTAMHU.

AGcosrotHas norpemHocth AF Benuunabl F=f (X, Y,Z,t,..., p) ) MOXKET OBITh BBIYMCIICHA, KaK

3TO IOKAa3aHO B MAaTEMATUYECKON CTaTUCTHUKE, 110 GopMyIIe:

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

NJIn
of \2 of \
AF = [_j N (Ap) |
X x=(x),....p=(p) op X=(X),....p=(p)
of  of
rie 8_X yenns % — 3HAYCHHUS YACTHBIX MPOU3BOAHBIX pyHKIHH f (X, Y,Z,t,..., p) 0 TIEPEMEHHBIM X, Y,

z, t, ..., P COOTBECTCTBCHHO. I[J'ISI BBIYMCIICHUS dTUX 3HAYCHUU B BBIPAXKXCHUS, TTOJIYUCHHBIC ITPU )II/I(I)—

dbepennpoBannu pynkmmu F=f (X, Y,Z,t,..., p) , IOJICTaBIIAIOT CpeAHUE aprUPMETHUECKUE apTyMEH-

TOB 3TOH (QyHKIIMH, O YEM HAIIOMHHAIOT HHXKHUE WHAEKCHI y TPOU3BOIHBIX.

Ecnu HexoTopast Benu4KMHa, BXoAdIas B GopMyny AJs onpeaereHus BenuuuHsl F, B TaHHOM
OIIBITE HE U3MEPSIETCS, a B OMMCAHUY JIAOOPATOPHOI pabOThI MM Ha 1a0OPaTOPHOM YCTaHOBKE MpU-
BEJICHO TOJIBKO €€ YMCIEHHOE 3HAaY€HHE, TO IOTPEIIHOCTD 3TON BEIMUMHBI IPUHUMAETCSI PABHOM T10-
JIOBUHE €IMHMIIBI TIOCIEIHETO Pa3psia YACia, KOTOPhIM 33aH0 3HaYE€HUE ITON BEIINYUHBI.

PaccMoTpuM MeTOAMKY OIpENeNeHHs] MOIPEHIHOCTH KOCBEHHBIX HW3MEPEHHH BEJINYMHBI

F=f (X, Y,Z,t,..., p) IIPU HEPABHOTOYHBIX U3MEPEHMSIX, KOTJIa YCIOBHS SKCIIEPUMEHTA U3MEHSIOTCSL.

Hanpumep, B 1aboparopHoit pabote Ne 9 mpu onpeseneHnn yCKOpeHHst CBOOOTHOTO MaJIeHHs TepH-
OfIbI KoJIeOaHUH (PU3MUECKOr0 MAasATHUKA M3MEPSIOT ISl Pa3IMUHBIX MOJIOKEHUH TOYKHU ITO/IBECa, B
naboparopHoii padote Ne 15 npu nuzmepeHun kKo3ppuImeHTa BI3KOCTH BOAHOTO pacTBOPA MIIUIIEpUHA
HCIOJIB3YIOT IAPUKHU Pa3IMYHOIO pa3Mepa.

IIpu HEepaBHOTOYHBIX KOCBEHHBIX M3MEPEHMAX CpellHee 3Ha4eHHE M aOCONIIOTHYIO IMOTpell-
HOCTb BBIYMCIISIIOT QHAJIOTMYHO CIIy4aro MPsIMBIX U3MEPEHUH, 4 UMEHHO:

- cHavana Haxomst suavennst K =f(X;, Y,z t,....p; )

1 n
- lajiee OTMpeeIsIoT CpeIHee 3HAaUCHUE (F) = —Z F;
n
i=1
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- 3aTE€M BBIYHCIIAKOT CPEAHEC KBAAPATUIHOE OTKIIOHECHUEC CPECAHETO 3HAYCHUA S<F> =

;
- OIPEIEIIAIOT MOTPEIIHOCTh KOCBEHHBIX HEPABHOTOUHBIX U3MepeHHit 1o ¢popmyne AF = S<F> .

Pe3ynbrar KOCBEHHBIX H3MEPEHUM 3aIIUCHIBAIOT B BUJIE:
F= <F> + AF,

rae AF — aGcomoTHas MOTPEeIIHOCTh U3MEPEHHs BETHUUHBI 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 OJDKHBI OBITh YKa3aHbl 0003HAUEHHS OTKJIAIbIBACMBIX
BEJIMYMH M CIWHUIBI UX m3MepeHuid. [Ipu 3ToM och abcuucc MONKUCHIBAIOT ClIpaBa BHHU3Y, a OCh
OpJIMHAT — CJIeBa BBEPXY, C YKa3aHHEM Ha3BaHUS WIIM CHMBOJIA OTKJIAJIBIBAEMOM 110 OCH BEITMYMHBI, 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, H 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 KOOPAWHAT MOXKET HE COBIAJIATh C HYJCBBIMU 3HAUCHH-
SIMU BEJIMYHH, BO-BTOPBIX, MacIITad BEIOUPAIOT TaK, YTOOBI TpariK 3aHMMAJI BCIO TIOBEPXHOCTH, OT-
BEJICHHYIO JIJISl €r0 M300paKEHUs U, B-TPEThHUX, MACIITA0BI 110 0OCHM OCSIM BBIOUPAIOT HE3aBUCUMO
IpyT OT Jpyra.

J171s BBITIOTHEHUS ATUX YCIOBHI MPEXk/Ie BCETO OMPENEISIFOT 0 JaHHBIM, TPUBEIEHHBIM B CO-
OTBETCTBYIOIIEH TabmuIle, Mpeiesibl U3BMEHEHUs apryMeHTa u pynkuuu. Ix HauMeHsbIee 1 Hanbob-
1iee 3Ha4eHHs] OOBIYHO OMPEENAIOT HHTEPBAbl 3HAYCHUI, KOTOPHIE OTKJIAIBIBAIOT MO OCSIM KOOP-
nuHaT. B cmyyae MTMHEHHBIX KAl YUCIOBOM MacITab 0OBIYHO BHIOMPAIOT B BUAE PABHOOTCTOSIIUX

110 3HAUYEHHMIO YHCell TaK, 4YTOObI coceHue 3HaueHus ormmyanuck Ha 10", 210" mwm 5-10", roe n —
T000€ 11e710€ TOJI0KUTENBHOE WM OTPULIATENIEHOE 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 pa3IMUHbIE 3aBUCUMOCTH, MOJTyYEHHBIE, HATIPUMEDP, TIPH Pa3HBIX
YCIOBHSX JKCIEPUMEHTa, TO TOYKUA TAKUX 3aBHCHUMOCTEH CJEAyeT OTMeYaTh Pa3HBIMU 3HAYKAMH
(xBagpaTamMu, Kpy»KKaMu, KpeCTUKaMH U T.I1.).

5. Ha tex yuacTtkax rpaduka, rje BO3MOXHBI TAKHE OCOOCHHOCTH, KaK PE3K0e N3MEHEHUE KPH-
BU3HBI, MAKCUMYM, MUHUMYM, NIEPETHO U Jp., cleayeT OpaTh OONbIIYIO TYCTOTY SKCIEPUMEHTAb-
HBIX TO4eK. UTOOBI HE TPOITYCTUTh TaKHE€ OCOOCHHOCTH, TpaduK CIEAyeT CTPOUTHh HETIOCPEACTBEHHO

BO BpEMs SKCIICPUMECHTA.
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6. Eciiu coenuHuTh BCe SKCIIEpUMEHTANIbHbIE TOUKH OTpEe3KaMHu IpsSIMOM, TO Ha rpaduke momiy-
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 1101 I‘pa(bI/IKOM OBLIO HpI/I6J'H/I3I/IT€J'II)HO OJJMHAKOBO. OOBIYHO PEKOMECHAYECTCA
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 l"pa(bI/IK, I10 BO3BMOXHOCTH, OOJI?)KCH €MY COOTBETCTBOBATH. OTKI0OHEHUS

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.
[Tpu mOCTpOCHUH TEOPETHUYECKON 3aBUCHMOCTH KPUBYIO CTPOSIT Ha rpaduke TakKuM o0pa3om,

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 15 Cllydasi, 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 orcuera K’ orHocutrensHo K MOXHO paccMarpuBaTb Kak
CYMMY JIBYX JBHOKEHUH: MMOCTYHnarcJIbHOTO CO CKOPOCTLIO \70 touku O’ u BpallaTCJIbHOI'O 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
r=T1+7,

e I, — pagunyc-Bextop Toukn O, u3MepeHHbIN B cucteme orcuéra K.
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CxopocTh TOUKH A B HEMOABUAKHOM cucTteMe oTcuéta K Ha3bIBaloT adcoiromuoii ckopocmuio.

Ona paBHa
_dr dr, dr
V=—=—2+—, 5.11
dt dt dt -11)
WJTU, YYUTHIBAs, 4TO
F=xV+yj+7K, (5.12)

e X', y', z' — 1ekapToBbl KOOpAMHATEI ToukH A, a i, ', K' —opThI 0celi KoopauHAT B cucTeME OTCYETa

K'’, Beipaxenue (5.11) MoxxHO mTpeoOpa3oBaTh K BUIY

V=V, + x'd—|+y'd—J+z'% + dlf’+d—y]'+d—zﬁ' , (5.13)
dt dt dt dt dt dt

- I .
rae Vo, =—— — CKOPOCTb IIOCTYIIATCIIbHOI0 ABMXXCHHUA CUCTEMBI OTCUCTA K' oTHOCUTEILHO CUCTEMBI

dt
K.

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

crBue BparieHus cuctembl K’ Bokpyr Touku O’ ¢ yriioBoii ckopoctbio €2 . [[pou3BOAHbIC IO BpEMEHU

ot BekTopoB I', J', K' paBHBI MIMHENHBIM CKOPOCTSAM KOHIIOB 3THX BEKTOPOB IPH BPALIECHUH CUCTEMEI

dr

K'’, mostomy no ananoruu ¢ popmysnon V= i [(Y), ?] uMeeM
di r~ 217 df = 517 dk' s -,
E:[Q,l}, E:[Q,J], E:[Q,k] (514)
Torna
rd? rd]’ ' dR' 1 A "~ K Y| A +
X E+y E+Z E_[Q'(X r+vy) +zk)]_[Q,r:|. (5.15)
., adx'-, dy'-, dz'-, .
OueBugHO, 4TO V' = ot '+ EJ + s K" —3T0 cKOpOCTH TOUKH A B IBMKYIICHCS CHCTEME

orcuéta K', HaspiBaeMasi omuocumenshoit ckopocmuto touku A. C ydetom (5.14) mpeoOpazyem
dopmyny (5.13) x Bugy
V=V, +[ Q7 [+V, (5.16)

e vV, +[Q,F’] — nepenocnas ckopocme TOUKU A. [lepenocnas ckopocmv pasna ckopocmu mou

mouku cucmemsl K', uepez komopyro npoxooum mouka A 6 paccmampugaemviii MOMEHM 8PEMEHU.

Takum 06pazoM, abcontomunas ckopocms mouku A pagna cymme e€ OmHOCUMENbHOU U nepe-
HOCHOU CKOpOCHell.

Ecnu cucrema orcuéra K’ He Bpamaercs, 1o u3 (5.16) nonydum Kaaccuueckyro meopemy cio-
JHCEHUs CKopocmeil

V=V, +V (5.17)

CKopocms mamepuanbHOUl MOYKU 8 HENOOBUIICHOIL CUCIeEMe OMCYEéma pagHa eé ckopocmu
6 NOOBUIICHONL cUCeMe OMCYEma, C1OHCEHHOU CO CKOPOCMbIO NOCHYNAMENbHO20 08UNHCCHUA NO-
O0BUIICHOIL CUCHIEMbL OMCYEMA OMHOCUMENIbHO HEROOBUIHCHOIL.

AHaJOTrMYHO MOTy4aroT (pOopMyIibl TpeoOpa3oBaHus YCKOPEHUN MpU MEPEXoe 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:
oLy .
a=a +a,+a, (5.18)

d2xr ~ d2yr ~ dZZr N
! ' k' — 510 yckopenue Touku A B cucreme orcuéra K’, HaseiBaemoe om-
dt? dt? dt?

e a' =

v,
+
dt | dt

dQ
_,r

HOCUMENbHbIM YCKOPeHUem; &, = +[Q[Q,F’:|] — 9TO HEPeHOCHOe YCKopeHue

TOYKU A, paBHOE yckopeHuto B cucteMe orcuéra K toif Touku cuctemsl orcuéra K’, uepes kotopyro
NPOXOUT TOYKa A B paCCMaTPUBAEMbIi MOMEHT BPEMEHH; 8, = Z[Q, \7’] HA3bIBAIOT KOPUOIUCOBHIM
yckopenuem. UTak, adconiommnoe yckopenue mamepuanbHoii mouKu paéHo 6eKmMopHoil cymme eé
OMHOCUMENbHO20, NEPEHOCHO20 U KOPUOTIUCOBA YCKOPEHUIL.

[Tosygynm OCHOBHOUM 3aKOH JMHAMHUKUA MaT€pUajbHON TOYKA B HEHMHEPLMAIBHBIX CHCTEMaxX

OTC‘{éTa, AJIsL 9€T0 BOCIIOJIB3YEMCA BBIPA’KECHUCM a= 50 + é:k +a’ , CBA3bIBAIOIIINM a0COIIOTHOE U OT-

HOCUTEJIbHOE YCKOPEHUSI MaTepUuaibHOM TOUKHU. JIOMHOXKHM JIEBYIO M MPABYIO YACTH 3TOTO BhIpaXe-
HUS Ha MacCy MaTepuajibHON TOUKU

ma = md, + ma, +ma’ (5.19)

Tak kak cucrema orcuéra K mHepuumanbHa, B COOTBETCTBUU CO BTOPBIM 3aKOHOM HbroToHa

HUMCCM, YTO ma=F , TJC F= Z FJ — PE3YIbTHUPYIOIIAA BCECX CUJL BBaHMOﬂeﬁCTBHH, IMPHUIIOKCHHBIX K
]

MaTepuaNtbHOU TOUKE. JTO MO3BOJISET 3AMUCATh OCHOBHOE YPAGHEHUE OUHAMUKU OBUNCEHU Mame-
puaJleOﬁ mouKu 6 Heunepuuaﬂbnoﬁ cucmeme omcuyéma B CJICAYOIIEM BUAC!
= — — —
ma’ = F—ma, —ma, (5.20)
Ero moxno IMPUBCCTHU K BUAY, AHAJIOTUIHOMY IO gi}O[ZMe BTOPOMY 3aKOHY HrroToHa:
b=d 4 - — —
ma'=F+F +F, (5.21)
aQ _,

dv, s o
at -m E' r —m[Q I:Q, r :I] HAa3bIBAIOT MEPEeHOCHOoOU cuiou unepuuu, a

rie F,=-md, =-m

F =—mé, = —Zm[ﬂ , \7’] — KOpUOUCo60il CUN0U UHEPYUU .
I[locnennuii uieH B BRIPOKEHUH [ EPEHOCHOI cutbl nHepiuu F g =—m [Q [Q , F':I:I Ha3bl-

BAIOT YeHmpootexcHoi cunou unepyuu. Cienyer MOMHUTH, YTO CHJIBI HHEPITUU OOYCIIOBIIEHBI HE
BSaI/IMO)IefICTBPIeM TCI, a yCKOpeHHBIM JABNXKXCHUEM CUCTEMBI OTC‘-IéTa, B KOTOpOﬁ OHHU HpOHBJ'IS[IOT CsI.
OHU CyIIeCTBYIOT TOJIBKO JIJIs1 HAOIIOMaTes s, HAXOASAIIETOCS B TAaHHOW HEMHEPIIMAIBHOM CUCTEME OT-
cuéra.

[TycTh MaTepHanbHas TOYKa JBHIKETCS CO CKOPOCTBIO V' M YCKODEHHEM & B HEHHEPIHAIb-

HOW CUCTeMe, CBS3aHHOM ¢ 3eMII€ii. JTa CUCTEMa BPAIlaeTCsl C TOCTOSIHHOW YIIIOBOM CKOpOCThIO {2

. _ v
BOKpPYT OCH, ICPEMECIIAIOIICHUCA ITOCTYITATCIIbHO C YCKOPECHUEM an = d_to OTHOCUTCIIBHO MHEPIIHAJIb-

HOM cucTteMbl oTcu€éra. Tak Kak yriioBas CKOPOCTb BpaleHHs 3eMJIM IMOCTOSHHA, BBIpaKEHUE
aQ ,

m| —,F |=0. OcHoBHOE ypaBHEHUE IUHAMHUKHU B HEMHEPIHUAIBHON cUCTEME OTCUETA, CBA3aHHON

dt
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¢ 3emi€il, TPUHUMAET BUJT
mé’:ﬁ—man+m92ﬁ+2m[v',fz], (5.22)

rae F — pesynpTHpyromas cuia B3auMOICHCTBYS, ICHCTBYIOIMX Ha MaTepHaIbHYIO TOUKy; R — pa-
JINYC-BEKTOp, NEPIEHIUKYIAPHBIA K OCH BpallleHHUs 3€MJIM U XapaKTePU3YIOIINUN MTOJI0KEHNE MaTe-

pHAIBHON TOYKU OTHOCUTEIBHO 3TOU OCH; mQ°R — HEHTPOOEKHas cujla MHEPLUH, HalpaBJIeHHAs
OT OCH BpAIlEHUS TIEPIEHAUKY/ISIPHO K Helt; V' — CKOPOCTh IBMKEHHS MATEPUAIBHOM TOYKH OTHOCH-

TEJIbHO 3eMIIH; Zm[V',Q] — cuna Kopuonuca, neprneHauKkysisipHas MIOCKOCTH, B KOTOPOl Jiexar

BEKTOpP CKOPOCTHU MaTepUaIbHONW TOYKU M BEKTOP YINIOBOI CKOPOCTHU BpALLEHUS 3EMIIH.
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[1pu cocTapieHNH BAPHAHTOB JOMAITHHUX 33aHHUN HCIOJB3YIOTCS UICTOUHHUKH, IPUBEIEHHBIC B ONO-
IrorpauuecKoM CIIHCKE.
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