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3ansrue 1.

1. 2JIEMEHTBI BBICIIEA MATEMATUKH

1.1.0cHOBBI BEKTOPHOIi a/Iredpbl

Ou3nyeckre BeMYUHbI, IS 3aJIJaHUsI KOTOPBIX HE00X0-
MO 3HAHUE UX YHCIEHHOTO 3HAUEHUS U HAIpaBJICHUS B MPO-
CTpaHCTBE, Ha3bIBAIOT BEKTOpaMH. YMCIEHHOE 3HAYEHHUE BEK-
TOpa HA3bIBAIOT €r0 MOIYJIEM.

PaccmoTtpum npaBuiia ClioKeHus, BBIMUTaHUS U YMHOXKE-
HUS BEKTOPOB.

-

S
- —

Yro6bl HaiiTi BekTop C=a+D | Heobxomumo Bextop D

MIEPEHECTH MapajuIeIbHO caMoMy cebe Tak, YTOObI €ro Havyajo

COBIIAJIO C KOHIIOM BeKTopa & . Eciiu coeAMHNUTD Hayalo BEKTopa
—

d C KOHIIOM BCKTOpa b ,» MbI IIOJIYYHUM BCKTOPD C.

o'l
ol
o'l

a =
a

— —
—

PasnocTs 1ByX BekTopoB 0 =2—D MoxHO npencTaButs,

KAaK pe3yibTaT CIOXKEHUsS BEKTopa d C
—

BEKTOPOM -b, PaBHBIM 110 MOJYJIIO BEK-

-

Topy D u mpormBomonoxHEIM emy mo

HampasieHuto. UYtoObl HalTH BeKTOp

— —
d=a-b, Heo6xommumo BekTOp (—b) MEPEHECTU MapalieIbHO
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caMoOMy cebe Tak, yTOOBI €70 HaYajI0 COBIAJIO C KOHIIOM BCKTOpPa

a . Ecm COCAMHHTH HA4YaJI0 BEKTOpa d C KOHIIOM BEKTOpa (—b) ,

-

MbI rony4um Bektop d .

VYMHOXkeEHHE BEKTOpa @ Ha cKajlsp m JaéT BEKTOp, MO-
Iylb KOTOPOrO B M pa3 OTIMYAETCs OT MOy BEKTopa a , U
KOTOpBIi HAIpaBlieH B Ty e CTOPOHY, 4TO U & , eciu m > 0, U B

IMPOTHUBOIIOJIOKHYHO, €CJIM M <0.

-
CKaJiIpHBIM _[POU3BEACHUEM ABYX BCKTOPOB a u b

Ha3bIBAIOT YUCIIO (CKAJISIP) C, ONPEACIISIEMbIN BHIPAKEHUEM

c= |§| ‘b‘ oS a,

rae o — HanMEHBIITNH YTOJI MCXKIY BEKTO-

-

pavu @ u b.
CUMBOJMYECKN CKaJIIPHOE MIPO-

HU3BCACHHUEC 3allMCBIBAOT OAHUM U3 CJIC-

JTYIOIIUX CIIOCOOOB:

c=3b I/IJH/ICZ(ﬁ,B).

BekTopHBEIM TIpou3BEACHUEM JABYX BCKTOPOB é: u b

HA3BIBAIOT BEKTOP C , MOyIJIb KOTOPOTO PABEH
|6| = |§| ‘b‘ sina,
—

TJIe o — yroJ Mexay BekTopamu d u D . Bekrop € meprenmu-

KyJISApeH ¥ BEKTOpY & , M BeKTopy D , M HampaBieH Tak, uto ecim
CMOTpPETh U3 €ro KOHI[a, TO MOBOPOT Ha HAWUMEHBIINH Yroy oT



TIEPBOTO COMHOXKHTENS (BeKTOpa d ) Ko BTopomy (Bektopy D)
Oy/IeT BUJIEH COBEPIIAIOIIUCS MPOTUB YaCOBOM CTPEIIKH.

CHUMBOJIMUYECKM BEKTOPHOE IIPOU3BEIECHUE 3aMCHIBAIOT
OJTHUM U3 CJIEAYIONINX CIIOCOOOB:

¢=3axb wm 6:[5,6]
Onepanys JeNeHns BEKTOpa Ha BEKTOP OTCYTCTBYET.
[IpoeKIus BEKTOpa Ha OCh PaBHa MIPOM3BEICHUIO MOJLYJIs
BEKTOpa Ha KOCHMHYC yIila My HAalPaBJIEHHEM OCH U HaNpaB-
nenueM BekTopa. Hanmpumep, mpoekius BekTopa V Ha 0Chb X
paBHa V, =V COSOL, Iyle 0. — Yroj MexkIy BEKTopoM V U

OCBIO X.
EnvHUYHBIM BEKTOPOM Ha3bIBAIOT BEKTOP, MOILYJIb KOTO-
poro paBeH equHMIEC. ENMHUYHBIE BEKTOpHI, HalpaBICHHbIE
BJI0JIb KOOPJMHATHBIX OCEH, HAa3bIBAIOT OPTAMH.
EnnHuuHbI BEKTOp, HamnpaBlIeHHBIH BJIOJb OCH X, 000-

—

3HAUYaIOT KaKk i wWin €y, eqUHUYHBIM BEKTOp, HANPaBIECHHBIN

BJIOJIb OCH Y, 0003HAYAIOT KaK | HJIN €y , a eIMHUYHBIH BEKTOD,

—

S
HaHpaBJ‘IeHHHﬁ BIOJIb OCH Z, 0003HayaroT Kak K wim ez .
3Hasi MPOEKIUN BEKTOpa d Ha KOOPAWHATHBIE OCH, €ro
MOXXHO MPEACTAaBUTH B BUAC
d=a,i+ayj+ak.
YToOBI HAWTH MOAYJIb BCKTOpA, HAAO U3BJICHL KBaApar-
HBINI KOPCHb U3 CYMMBI KBaJIpaTOB €TI0 HpOGKLIHfIZ

2 2 2
azﬂ/ax+ay+aZ :
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— N

Ilpu crioxennu BektTopos d+b=C, rie d=a,i+a,j+ak u
b= bXT + byj + bzﬁ , CKJIa/IBIBAIOTCSI MX MTPOEKLIUHU:

¢=(ay +bx)7+(ay+by)f+(aZ +b, )k.

VA
7 U Y
b e
— y C b :
b Cy \ A
A :
a - ' :
y a ! :
- \ A 4 : >
/ & ax i bx X
) PRSI

Ecau 3aganbl IMPOCKIHNH Ha KOOPAUHATHBIC OCH BEKTOPOB

-

aun b , CKAJIPHOC IMMPOU3BCACHNUC 3TUX BCKTOPOB MOXKHO 3aIln-

caTh B BHJIEC:
c=a-b=ayb, +ayby +ab, .
BekropHoe nmpousBeeHre 3TUX JBYX BEKTOPOB PaBHO:
= [a, B] = (ayb, —a,b,)1 — (@b, —a,b,)j +(asb, —a b, )k =
= (a,b, —a,b,)i +(a,b, —a.b,) j+(a,b, —a,b,)k.

Oty dhopMyTy MOXKHO 3amucath B 0oJiee yao0HOM AJis 3aIoMu-
HaHMs (popMe ¢ TOMOIIIBIO OTIPEISITUTENS:

ij ok
E:[E,B}z a, a, a,
b, b, b



Eciu pa3inoXuTh 3TOT ONPEACIIUTEND 110 JIEMEHTaM IIep-
BOM CTPOKH, MOJTy4yaeM BBIIIETIPUBEIEHHYIO (POPMYITY JUIS BEK-
TOPHOI'O IIPOU3BEICHUS.

Panuyc-BeKTOpOM TOYKM HA3bIBaKOT BEKTOP, HAYajlo0 KO-
TOPOTO COBIIAJAET C HAYAJIIOM CUCTEMbI KOOPMHAT, a KOHEI] — C
JAHHOM TOukoM. [Ipoekuun paanyc-BeKTOPOB TOYEK SIBIISIOTCS
KOOPJHMHATaMH 3TUX TOYEK, I0O3TOMY PaINyC-BEKTOP TOUKH C KO-
OpAMHATaMHU (X, Y, Z) ONPEAEIAETCS BBIPAXKEHUEM

F=Xxi+yj+zKk.

3ansTue 2.
1.2. OcHoBbI AU PepeHInaTbHOr0 HCHHCTEHUS

du3nUecKyro BEINYHHY, IPUHUMAIOLIYIO BCErIa OIHO U
TO 7K€ YMCJICHHOE 3HaY€HUE, Ha3bIBAIOT NOCTOSHHOU. Ecnu du-
3UuecKas BEJIMYMHA MOXET PUHUMATh Pa3JInYHbIE YHCIECHHBIE
3HaueHUsl, €€ Ha3bIBAIOT IEPEMEHHOMN.

W3MeHeHne OqHON NEPEMEHHOMN BEIMUYMHBI MOXKET IIPH-
BOJIUTH K U3MEHEHUIO JIpyroi BennyuHbl. [lepeMeHHyo y Ha3bl-
BalOT @yHKyuell HE3aBUCUMOW MEpPEeMEHHOH (aprymeHTa) X,
€CJIM KaXKJIOMy 3HA4E€HUIO X 10 ONpPECIEHHOMY 3aKOHY CTa-
BUTCSI B COOTBETCTBHE HEKOTOPOE 3HAYEHUE IIEPEMEHHON Y:

y=1(x).

BBeném nonstue npenena ¢gyHkuuu B Touke. Yucno A
Ha3BIBAIOT NpeziesioM GyHKImU Y = f(X) B TOUKe X = a, €CIIH JUIs

JH000r0 MOJI0KUTEIBHOTO CKOJIb YTOHO MAJIOro YHcia € Cylle-
CTBYET TaKO€ MOJIOXKUTENIbHOE YnCiIO O =J(g), UTO IS BCEX X,

OTIIMYHBIX OT a U YAOBJICTBOPAIOIIHNX HCPABCHCTBY |X—a| <d ,
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Oy/IeT BBINOJIHATHCSI HEPABEHCTBO |f (x)- A| < &. YTBepKIeHHE

0 TOM, 4TO yHcio A siBisiercs npenenom ¢pynkuuu y = f(X) npu

X, CTPpCMAIICMYCA K a, 3alIMCBIBAIOT B BUJC!
limf(x)=A.

X—a

ITycth X; ¥ X, — HEKOTOPbIE 3HAYCHHSI HE3aBUCHUMO T1e-
pemenHo#t X, a Y; =f(X;) u y, =f(X,) — coorBercTByromIHE
3HadeHus QpyHknuu y. Toraa Benmuuuny AX = X, — X; Ha3bIBAlOT

IIpUpalIcHUEM HE3aBUCUMON IepeMESHHOM (aDI‘VMeHTa), a BCJIN-

yuHy AY =Y, —Y; Ha3bIBalOT OpUpameHueM QyHKIUY.

[Iycts X; =X, a X, =X+ AX. B aToM cityuae npupaie-

HUE paccMaTpuBaeMoil pyHKIMH OyJeT paBHO:
Ay =y(X+AX) - y(X) .
ITpenen, kK KOTOPOMY CTPEMMTCS OTHOLICHHME IpUpalle-
HUS QYHKIMM K DPUPALLCHUIO HE3aBUCUMOU MEPEeMEHHOM mpu
CTPEMJIEHUM K HYJIIO IIPUPAIIECHUS HE3aBHCUMOM NEPEMEHHOM,
UMeeT ClIeualbHOE Ha3BaHUE: NPOU3B00HAs (YHKYUU, WITH, CO-

KpaH_IéHHO, IIpoCTO npous@odﬁaﬂ:
y!: 4im y(X+AX)_y(X) = /im ﬂ
AX—0 AX Ax—0 AX

[Tpupamienue He3aBUCUMOW IEepeMEHHON 0003HayaroT
kak 0X W HaspIBAIOT Jughepenyuanrom apeymenma X. Jupghe-
PpeHyuanom GyrKyuu Ha3bIBAIOT JUHEHHYIO OTHOCHTEIBHO AX
yacTh npupaieHus Gpyukunu y(x). Auddepennuman Gpynkuuu y
o0o3HavaroT Kak dy .

MoOKHO TI0Ka3aTh, YTO
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_im &Y _ dy
Ax—>0AX  dX

dy
B ¢usuke npuHATO MpOU3BOAHYIO0 0003HAYATH KaKd— .
X

[TpousBoanas d_y — 3TO CKOPOCTh U3MEHEHHUS (YHKIHUU
X

y IPHU U3MEHEHUU apryMEHTa X.

Jise HaXOX/IeHUSI MPOM3BOAHBIX HEOOXOAMMO, TPEXIE
BCEro, 3allOMHUTH TaOJUIly MPOU3BOJIHBIX, KOTOpas B cCiydae
MpOCTeHINNX (PYHKIUH UMEET BUJI:

Taobnuya npouszeoonvix

1. i(C):O, C =const 8. i(cosx):—sinx
dx dx
d a) _,.ya1
> &(x)_ax ’ 9.itgx): .
dx COS“ X
a — mo0o0e YucIo
d 1 1
3. —(lo ==log., e 10—ctx =
dx( 9a %) X 9 ( )= sin’ x
d 1 d . 1
4. —(| 11. —(arcsinx) =
dx(nx) X dX( ) J1-x2
d ( x _ X i — -1
5 &(a )_a Ina 12. OIX(arccosx) —
d/ x\_ _x d 1
d—(e )—e 13. d—X(arctgx)_1+X
7. d—X(smx) COSX 14. O%((arcctgx)=1;X2




B Goiee cliokHBIX ClIydasax 3aada HaXOXICHUA IIPOU3-
BOJHBIX pCHIACTCA MOCIJIICAOBATCIIbHBIM ITPUMCHCHUEM IIPAaBHII,

Hepe‘-II/ICJIeHHbIX HUXKC:
dy 00, dF,00

= af1(x) £ bt => = +
y=afi(x) 2(x) dx dx dx

rme a u b — const.;

y=tioone = Yo 0t (0 3.

dx dx dx
2N T dy (dfy =) [z df,
. dy | df, = | |= df
(i) = -
df, (x) df, (x)
y_fl(x) . dy_ dx f2(x)-f1(x) dx
f,(x) dx f7(x) ’
dy dy do
= = ZL=-_Z2._T
y = y(9(x)) ix ~ do dx

Ecnu npousBognas ¢pynkuuu f — 3to nuddepenuupye-
Masi GYHKIHMSI, TO MOXHO HalTH mpou3BoaHyto U Juist Heé. [lo-
Jy4YEeHHYIO0 (DYHKIIMIO Ha3bIBAIOT BTOPOM MPOU3BOAHON (DYHKIIMU

df

f(x) u 0603Ha4arOT KaK d—2 Bropas npousBonHas — 3T0 CKO-
X

pocTh U3MeHeHHUs npous3BogHON (yHKuH. Ecnu npousBogHas



ix XapaKTepu3yeT CKOPOCTh U3MeHeHusl pyHKkuu f(X), TO BTO-
X

past IIPOM3BOJIHAS XAPAKTEPU3YET CKOPOCTh U3MEHEHHS CKOPO-
CTH.
Ecnu ¢ynkunonanshas 3asucumocts Y =T(X) npen-

CTaBJieHa B BUJE rpaduka, TO TEOMETPUUECKUI CMBICIT MPOU3-
BOJIHOM 3aKJIIOYaeTCs B TOM, YTO OHA PaBHA TAHICHCY YyIva
HaKJIOHA KacaTeJIbHOW K OCH X B TOM TOYKE rpaduka, B KOTOPOH
omnpeneneHa npousBonHas. Ilpm sTOM mpenmomnaraercs, 4TO
y =f(X) 1 X UMEIOT OIMHAKOBYIO PAa3MEPHOCTh ¥ ISl HUX TIPU

MIOCTPOEHUH rpaduka BbIOpaH OIMHAKOBBIN MacIlTal.

BbluniciuB MpoW3BOAHYIO, MOYKHO IIPOBECTH aHAIM3
CBOWCTB COOTBETCTBYIOIIEH el (YHKIINH.

Ecin ¢ poctom aprymentra ¢yHKUMsI pacTET, TO YIVIbI
HaKJIOHA KacaTeIbHOH K rpaduKy 3Toi (pyHKIIMH OCTPHIE U TaH-
TEHC yINIa HAaKJIOHA KacaTelIbHOU IIOJIOKUTENBHBIN, IOITOMY
MPOM3BOAHAS PYHKLMHU TOJOKHUTEIbHA.

Takum 00pa3om, eciiu Ha HEKOTOPOM HMHTEpBaJle 3Haue-
HUN aprymMeHTa Npou3BOJHAs (DYHKIUU MOJIOKUTENbHA, 3TO
O3HAYaeT, YTO B 3TOM MHTEPBaJIe 3HAUEHUH apryMeHTa IPH €ro
yBenuueHun ¢(yHkuus pactér. Ecnm mpousBomHas oTpuia-
TeJbHA, TO (PYHKIUS NMPU POCTE 3HAYCHUI apryMeHTa yObIBaeT.
B Toukax MakcuMyma 1 MUHMMYyMa TaHT€HC yIvla HaKJIOHa Kaca-
TEJIBHOU K OCH X PaBEeH HYJIIO, 3HAUUT B ATUX TOYKAX MPOU3BOJI-
Has paBHa HyMI0. [[pyrumu ciioBamu, B TOUKax MakCUMyma U
MuHuMyMa QyHKuuu y = f(X), nponsBoanas pynkuuu f(x) paBHa
Hymt0. B Toukax, rae GyHKIUS TOCTUTraeT MakCUMyMa, BTOpas



10

IMPOU3BOAHAA OTPHULATCIIbHA, 4 B TOUKAX MUHUMYMa BTOpasd Impo-

MU3BOJHAs I1OJIOKUTCIIbHA.
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3anarue 3.
1.3. HeonpenenéHHublii U onpeaeéHHbIH HHTErPabl

1.3.1. HeonpeneJéHHbIH NHTErPAaJI
[TycTtp Teno nBUXKETCS BIOJb OCH Z. 3ajmada o0 ompene-

JIEHUU CKOPOCTH JABWXKEHHMS V(t) MO 3aJaHHON 3aBUCUMOCTH KO-
OpAMHATHI Z TeJa OT BpeMeHU Z = z(t) (mpsiMas 3a1a4a) IPUBOJUT

dz(t)

K IIOHATHIO nponsBonHoﬁ:v(t) = OOparHas 3amava 3a-

KIIIOYaeTCcs B OMNpEAETICHUH MOJIOKeHUs: Tena z = z(t), ecnu
MT'HOBEHHasi CKOpOCTh V(t) 3aaHa Kak (yHKIUsS BpeMeHu. Pe-
1eHre 0OpaTHOM 3a7a4ul MPUBOIUT K TIOHATHIO HHTETpaa.

F
Eciu % =f(x), ro F(X) HasbiBaroT nepsooOpasHoi
X

dynkuuei s npousBoanoi ¢ynkuuu f(X) . Ormernm, uro
dynkusa F(X) = C, rne C — npousBobHas KOHCTAHTA, TAKKE SIB-
asercs nepBoobpasnoi aus dyukiun T(X), mostomy MoxHO

rOBOPHUTH O ceMelicTBe nmepBoodpasHbix. CeMelcTBO MEepBOOO-
pasupix F(X)+C ¢yuxiun f(X) naswisaror neonpedenéunvim

unmezpanom ¢ynxyuu T(X) u 0603Ha4ar0T CUMBOIOM If (x)dx

[fe0dx = Fx)+C,

e I — 3nak uaTerpana; T(X)dX — momemHTErpansHOE BBHIpa-

xenue; T(X) — mompiaTerpanbHas GyHKIUS; X — MEpEeMEHHAs

HHTCTPHUPOBAHUA.
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Brrunciienue HeornpenenéHHOro HHTErpaia 00bIYHO CBO-
IUTCS K TAKOMY TIPpeoOpa30BaHUIO MOIBIHTETPAIEHOTO BhIpayKe-
HUSI, YTOOBI MOYKHO OBLJIO BOCIIOJIB30BATHCS TAONHIICH HEolpe-
JIEJIEHHBIX UHTETPAJIOB.

Taﬁﬂuua OCHOBHbIX Heonpede/zennblx unmezpaios

jo-dx=c;

IA-dx:A-x+C, A =const ;

Xa+l

Ix“dx= +C, a=-1;
a+l

OI—X=In|x|+C;

X

X

J.axdx=ﬁ—+C (O<a=#1), BuacTHOCTH J.exdx:eX+C;
na

Isin Xdx =-cosx+C;
Icosxdx =sinx+C;

Itgxdx =—(n|cosx|+C;

J. d); :th+C(X¢E+nn, roen=0,%+1,...);
COs” X 2

I _d>2< =—ctgx+C (x#nm, rae n=0,£1,..);
SIn™ X

=arcsinx+C;

[
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dx
—:In‘x+\/x2+A‘+C.
J.\/x2+A

K ocHOBHBIM MeTOaM MHTETPUPOBAHUS OTHOCST:
- UHTETPUPOBAHUE 3aMEHOM NMEPEMEHHOM
- HHTErPUPOBAHUE MO YaCTSM.
B Merone uHTErpupoBaHUsS 3aMEHON NMEPEMEHHOM ISt

OThICKaHUs uHTerpaga ot ¢ynkuuu f(X) Bomar ¢yHKIHMIO
dx
X =X(t). Torma dx = Edt' ®opMyna 3aMeHbl IEPEMEHHON B

UHTErpae npuoodperaeTr BUj
dx
f(x)dx = | f(x(t))-—dt.
Jfeadx=[fx(0)

[Tpuém uHTErpUpPOBaHMS TYTEM 3aMEHBI MEPEMEHHOM
MIPUMEHSIIOT B TOM Ciy4ae, Korja noJbIHTerpaibHas (yHKIIUS BO
BTOPOM MHTETpaJe MPOIIE, YEM B HCXOIHOM.

[Ipu MHTETpUPOBAHUM 10 YACTSAM HCIIOJIB3YIOT CIEAYIO-

1yro popmyiy
judv = uv—jvdu.

1.3.2. OnpenenéHHbIi HHTErPas

3ajaiuM Ha OTpe3Ke [a,b] (a 1 b — KOHEUHBIE YKCIIa) HEe-
OTpHIIATENBHYIO HenpepbiBHyI0 Gynkuuio f(X) . Haiimém mio-
maar GUrypsl, OrpaHMUYEHHON OTpEe3KoM [a,b] Ha ocu X, mps-
MBIMH X = a U X = b u rpadukom kpusoii f(X). D1y durypy

Ha3bIBAIOT KPUBOJIIMHEWHOMN Tpanenuei.
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[IpoBeném pazbueHue orpeska [a,b] Ha N 4YacTed ToY-
KaMH a =Xy <X;<..<X,=b. BBI6€p€M Ha KaXJIOM M3 I0ITy-
YEHHBIX OTPE3KOB [ i1 ] (i=1, ..., n) IPOU3BOIBHYIO TOUKY
& €[Xi_1,X;] n, onpenenns 3HadeHus YyHKUMM B ITUX TOYKAX
f(&;), cocraBum mpousBenerus f(&;)AX;, Kaxma0e U3 KOTOPHIX
B TIEPBOM TIPUOIIMKEHAH PaBHO TIomau mox kpusoit f(X) na

COOTBETCTBYIOLLIEM yudacTke AX;, rae AX; =X, —X;. Torma

n
cymma S, = Zf (&)AX;, Ha3pIBaeMasi MHTEIPabHOM CyMMOH,
i=1
Oyzmer npuOIMKEHHO paBHA ILUIOIIAIM KPUBOJIMHEHHOW Tparie-
HH.

VYerpemuM Bee AX; k Hymto. Eciiu pu 3ToM HHTETpasib-
Hasi CyMMa CTPEMUTCS K TpeJeiy, He 3aBUCSIIEMY OT CII0OCOO0B
pa30ueHus U BBIOOpa TOUEK &;, TO €ro Ha3bIBAIOT 0NpedeéHHbIM
unmezpanom ot Gpynkuuu f(X) Ha orpeske [a,b] n 0603HauarOT

CHUMBOJIOM

max Ax; —>O
n—)oo

b
jf(x)dx = lim Zf(g )AX;.



f(&)

0O a Ti-1 f,' Z; b z

Ipu 3TOM umcia a 1 b Ha3bIBAIOT COOTBETCTBEHHO HUMC-
HUM U 8EPXHUM Npeodenamu UHMe2PUpOBaAHUL.

Wtak, ecnu monsIHTErpaibHas (GyHKIUS YKa3bIBaeT Op-
IUHATH TOueK rpaduka y = f(X), To onpenenéHHblii HHTErpal

b
I f (X)d X PpaBeH IUIoIaau (GUrypsl, OrpaHUuYEeHHON TpaduKoM
a
¢ynkuuu y = f(X), 0CbI0 X U BEpTUKAISAMHU X = a U X = b:
b
S=[f(qdx.
a

Jlsg BBIUMCIIEHUS ONpPENENEHHOTO HMHTErpajga HCIOJIb-
3ytoT dopmyny HeroToHa-JleliOHMIIAa, HAa3bIBAEMYyIO TaKKe OC-
HOBHOI (pOpPMYJI0i MHTETPAIbHOTO UCUUCIICHHUS

'T.f(x)dx =F(x)|, =F(b)-F(a),

rae f(x) — ¢yHkuus, HempepbiBHas Ha oTpeske [a,b], a F(x) —
OJTHA U3 MIEPBOOOPA3HBIX (PYHKIUN HA ITOM OTPE3KE.
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3ansTusn 4, 5.
3. KHHEMATHUKA MATEPUAJIbHOM TOUKH

[IpenMeToM HM3yueHUsl KJIACCUUYECKOW MEXAHUKHU SIBIIS-
eTCs MexaHuyeckoe 08udiceHue Tel, IPeACTaBIAIoNnee cO00H NX
[IEpEMEIIEHUE B IPOCTPAHCTBE C TEUEHUEM BPEMEHHU.

[TonosxeHne IBUXKYILIErOCs Tela OINpPENESIOT OTHOCH-
TEJIBHO HEKOTOPOrO JPYroro Tejia, Ha3bIBAEMOI'O TEJIOM OT-
cuéra. C TenoM oOTcY€Ta CBA3BIBAIOT CHUCTEMY KOOpPAMHAT
(0OBIYHO — TPSIMOYTOJIbHYIO0). J1s1 oTCcu€Ta BpEeMEHH HCIIOJb-
3YIOT 4achl TOro UM UHOro Tuna. COBOKYITHOCTh CUCTEMBI KO-
OpAMHAT, CBSI3aHHOM € TeJIOM 0TcuéTa, U Habopa CUHXPOHU3H-
POBaHHBIX YaCOB, PACIOJI0KEHHBIX B Pa3HbIX TOUKAX IPOCTPaH-

CTBa, 00pa3yeT CUCTEMY OTCUETA.

Onucarp IBM)KCHHE B MEXAHUKE — ATO 3HAYMUT 3a7aTh
ypaBHEHHE, TIO3BOJISAIOLIEE ONPEIEIUTD [T0JI0KEHHE TeJla IO OT-
HOILIEHUIO K BBIOpaHHOW cucTemMe OTCYETa B JIH0OOW MOMEHT
BPEMEHH.

B xmaccuueckoil MexaHUKE JUIsl YIPOIIEHUS OIMCAHUS
JIBIKEHUS PEATbHBIX TEJI BMECTO HHX PacCMaTpUBAIOT JABUXKE-
HUSI UJICaTTU3UPOBAHHBIX O0BEKTOB: MaTEpUATBLHON TOUKH U a0-
COJIFOTHO TBEPHOTO Tena.

MarepuanbHasi TOYKa — 3TO 0OBEKT OECKOHEYHO MaJIbIX

pa3MepoB, obnagaroimuii Maccoil. AGCOIIOTHO TBEPIOE TEIO —

OTO COBOKYITHOCTH MATCPUAJIbHBIX TOYCK, PACCTOAHUSA MEKIY
KOTOPBIMHU IIPHU IBUKCHHUU HE USMCHATIOTCA.

[Tepeiiném Kk ONTMCaHUIO ABUKEHHS MATEPUATBHOM TOUKH.
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3.1. KunemaTuueckue ypaBHeHUsl IBUKEHU S
MaTepHAIbHOI TOYKH

JIBi>keHne MaTepHaIbHOM TOYKH MOYKET OBITh OMHUCAHO
TpeMsi Cloco0aMu: BEKTOPHBIM, KOOPJIWHATHBIM M €CTECTBCH-
HBIM. DTHM TPEM CI1oco0aM OMMCaHUs COOTBETCTBYIOT TPH BUIA
KHHEMAaTUYCCKUX YPABHCHUN ABVKCHUS:

— KUHEMAaTUYECKOE YPaBHEHHUE JIBMXKCHHSI B BEKTOPHOM
dhopwme:

r=T7(t),

rae T — paguyc-BeKTOp MaTepUaNbHON TOUKH;
— KMHEMaTH4eCKUe ypaBHE-
HUS JBUXKCHHUS B KOOPIH-
HaTHOH (opme; B HEMo-
JIBUKHOM JIEKApTOBOW CH-
cTeMe  KOOpAMHAT  OHH

HUMEIOT BUI:
x = X(t)
Puc. 3.1 y=y(.
X z=2(t)

EcTtecTBeHHBII €nocoO oONMucaHus JBUKEHHUS IpUMeE-
HAIOT B TOM CJIy4ae, KOrja 3alaH0 YpaBHEHHE TPACKTOPUHU Ma-
TepuanbHOM ToukH. Ha TpaekTopuu BEIOMPAIOT HaYamo OTcuéTa.
Paccrosinne, n3MepeHHoe B10JIb TPAEKTOPUM OT Hadasla OTCUETA
J10 TIOJI0KEHHUS, 3aHUMAeMOr0 MaTEpPUAIIBHON TOUKOU B HEKOTO-
pbIii MOMEHT BPEMEHH, HA3bIBAIOT MPOMIEHHBIM IIyTEM S (pHC.
3.1). Kunemaruueckoe ypaBHCHUE JBHIKEHHSI MIPHU TAKOM CITIO-
cobe onmucaHus NPU 33JJaHHOM YPaBHEHUU TPAEKTOPUU OyIeT

HUMETH BU/.
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S=S(t).
3.2. CkopocTh U yCKOpeHHEe MATePHATbHOM TOUYKH
CKOpOCTh — 3TO BEKTOPHAs BEJIMYKHA, KOTOPAsl XapaKTe-
pU3yeT OBICTPOTY U3MEHEHUS MOJI0KEHNSI MATEpUAIbHON TOUKU
B IIPOCTPAHCTBE M HAIIPABJICHUE €€ JABUKCHUS B Ka)KIbId MO-
MEHT BPEMEHHU:
. AT dr
V=/_>lIm—=—.
At—0 At dt
Pannyc-BekTop MaTepualbHOW TOUKU MOKHO 3aIMCATh B BUJE
F=ix+ jy+kz. (3.1)
Toraa myist cKOpocTH NOJTy4YaeMm:
_ dx>» dy- dz-
V=—I+—yj+—k, (3.2)
dt dt dt
dx dy dz
i Vy ="V, =—.
dt dt dt
Mopyb CKOPOCTH MOXKET OBITH TOT/1a ONIPEIENEH KaK:

dx jz dy ¥ (dz jz
— |+ =] =] .
dt dt dt
HpI/I €CTECTBEHHOM CIOCO0€ OMUCAHUS ABHUKCHUA

. AS dS
V=/,ImM—=—,
At—0 At dt

TO €CTh V, =

C y4€ToM TOro, 4TO CKOPOCTh HAIlpaBJI€HA 110 KacaTellb-
HOMW K TPAaeKTOPHUH B KaXx/10i e€ Touke, OyJeM UMETh
L dsS
V=—-1
dt

ra¢ T — BEKTOP, MOAYJIb KOTOPOI'O PaBCH CAWHUIIC, U KOTOpLIﬁ

HaITpaBJIEH N0 KacaTEeJIbHOU K TPACKTOPUU B KaXKJI0M €€ TOUKE.



19

YckopeHue — 3To BEKTOpHas BEJIMYMHA, KOTOpas Xapak-
TEpU3yeT OBICTPOTY U3MEHEHUS] CKOPOCTH:

L . AV dV
a=/.(im—-=—.
At—0 At dt
C yuérom (3.1) u (3.2) MOKHO 3amucaTh:
Lodv. ~ 20 . d2v- A2
g= Mg, My g Mgy g0, Ay dzg
dt dt dt dt dt dt

Mopnynb yckopeHHs HailiéM U3 BBIPAKECHUSL:
2 2 2
i [9vx), dv, LAV,
dt dt dt

2

nin

a2\’ d?y * (4%
7| G2 | T
dt dt dt

HpI/I €CTECTBEHHOM CIoco0e ONMMCaHus ABHUIKCHUA YCKO-
PEHUC NPCACTABIIAOT KaK CYMMY TAHI'CHIUAJILHOTO YCKOPCHUA

é’t , HAITPABJICHHOI'O 110 KacaTellbHOM

K TpaCKTOpUH ABUKCHHA B JTaHHOM

TOYKE, 1 HOPMAJILHOTO (LIEHTpOCTpe-
MHTEIBHOTO) YCKOPEHHUS a,,

HAIIpaBJICHHOI'O IO HOPMAJIM K KacaTeJIbHOM K HCHTPY KpHU-

BU3HBI TPACKTOPUHA B JIaHHOH TOYKe:
a=a,+a,, (3.3)

a=.a’+a’.

T



20

TaHreHIMaIbHOE YCKOPCHHE OIPENENSCTCS BBIPAXKe-
L dv.,
HHEM &, = ET , U3 KOTOPOTO CJIEYET, YTO MOJYJIb TAHTCHIIU-
aJIbHOTO YCKOPEHUS XapaKTepU3yeT OBICTPOTY M3MEHEHHs Be-
dv - .
JAUYHHBI CKOpOCTH (@, = E) Bektop T B KaXao# TOUYKe Tpa-

€KTOPHUH HaIIPaBJICH I10 KaCaTeJIbHOU K HEH, a €10 MOAYJIb PaBEH
EAVHULIE.

HopmanbHoe yckopeHHe Ompenemnsiercs BbIPaKCHHEM
2
a, = Eﬁ’ rae R — paanyc KpuBU3HBI TPAEGKTOpUU B TOU €€

TOYKE, B KOTOPOH ONPeNesaiioT HOpMallbHOE yCKOpeHue. Bektop
N HampaBjeH Mo HOPMaIM K KAacaTeNlbHOH K IEHTPY KPHBU3HEI
TPAeKTOPUU B KaXKJOW €€ TOUKe, a €ro MOAYJIb PABEH €IUHUILIE.
Monysib HOpMaJIBHOTO YCKOPEHMSI XapaKTepU3yeT OBICTPOTY U3-
MEHEHUS HallpaBJIEHUs] CKOPOCTH.
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3AJIAHMSA 111 AYIUTOPHOM Y JIOMAIITHEM
PABOTBI 11O PA3JEJY 3
"KAHEMATHUKA MATEPUAJIBHOM TOYKHU"
3.1. lapuk nBuxercs 6e3 TPEeHHUS Yepe3 XOIM M BraauHy. B

dv| _dv,

t| dt

KaKOM TOUYKE CIIpaBCAJIMBO COOTHOILICHUE

a) TaKOW TOYKH HET

0) B HayaJIe MoabEéMa B TOUKE A

B) B TOYKE HAWBBICIIETO MoAbEMa B

T') B TOUKE Mepexoa xonma Bo BrnaauHy C

1) B CaMO¥ HU3KOHM TOYKE BIaAUHBI D

€) B Touke E B KoHIIe morbeMa

3.2. Paguyc-BeKTOp YaCTHIIbI U3MEHSIETCS BO BPEMEHH 10 3a-

- g 4 3 e =2
KOHy '=-2-1+3t"-]J, rtoe I u | — OpThI 5\}\4&\3
oceit OX u Oy. B momeHT Bpemenu t = 1 cua- 4|
CTHLIAa OKa3ajach B Touke A. Beibepute mpa- |- NI

BUJIBHOC HAIPABJICHHUC CKOPOCTH 4YaCTHULbLI B

9TOT MOMCHT BPCMCHU.
a)l 62 B3 14 15

3.3. U3 TOYKM C pPaanyCcOM-BEKTOPOM ?()218-7—81-i
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(i u j —oprtel oceit OX u Oy) Hayana cBOE IBMKEHUE YACTHIIA.

Eé ckopocTh M3MEHSETCS M0 3aKOHY V = 2t%. i +9t%- j . Uepes

CKOJIBKO CEKyHJ1 yacTulia nepeceuyér ocb Ox?
a) HuKorma He nepeceu€r ocb Ox  6)9c¢ B)3c 1)2¢C

3.4. HauanbHast CKOPOCTh 4acTUIbl paBHa Vo =541 —16-

Vo = 541-16], a yckopeHHe MEHSETCSd BO  BPEMECHHU

d=-6t2-1 +4t3- ], rae i u | — opTbl oceil OX u Oya =

-6t% T+ 4t3-ja = -6t% - T+ 4t3-]. Uepes CKOIBKO CEKyH]

CKOPOCTb YaCTHIIbI OKaXKETCs napauieasHoi ocu Oy?

a)2c 0)3c B)27c r)HHKOrAa He OyAeT napamwienbHoi Oy
3.5. CKopoCTh YaCTHIIbI K3MEHSETCS BO BPEMEHH I10 3aKOHY

\7=5t-7+12t-] (? u ] — optel oceit OX u Oy)v =5t-1+
12t -J. Uemy paBHa BelMUMHA TAHTEHIIMAIBHOTO YCKOPEHHS Ya-
CTHUIIBI B MOMEHT BpeMeHu t; = 1 ¢t = 1¢?
a) 26 m/c*m/c?  ©) 13 m/c*m/c?  B) 17 Mm/c*M/c? )34
m/c*Mm/c?
3.6. Ecnu @, u &, — TaHreHIManbHas ¥ HOpMajbHas COCTaB-

JSIOIIAE YCKOPEHUS JBYKYIIEHCS MaTepHaIbHOW TOYKH, TO CO-
OTHOLIEHHUS: ar = const, an = 0 cripaBeUIUBHI JUIA ... .

a) paBHOMEPHOT'O JIBUKEHUS 110 OKPYKHOCTH

0) IpSIMOJIMHEMHOTO paBHOIIEPEMEHHOTO JIBUKECHUS

B) NPSIMOJIMHENHHOTO PABHOMEPHOTO JBHIKEHHS

') pPABHOMEPHOTO KPUBOJIMHEWHOTO ABIKEHHS

3.7. MarepuanbHas Touka M cB0OOHO 6€3 TPEHUS CKOJIB3UT
B M0OJIE CHJIBI TSDKECTHM IO IVIAJKUM CTEHKaM
CUMMETPUYHOM SIMBI U B pacCMaTpUBacMbld A 20| Bra

M
1
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MOMEHT BPEMEHHU JIBMXKETCSI BBEPX IO HAIPABJICHUIO K TOUuke B
(A u B — HauBbICHIME TOYKHU MOIBEMA). YKAXKUTE MPaBUIBLHOE
HanpaBJiEeHUE BEKTOPA MOJIHOTO YCKOpEHHs Touku M (cM. puc.).
a)l 06)2 B3 rn4

3.8. [Ipu nBWXEHUHU IO OKPYKHOCTH MPOUJCHHBIN TOYKOM
MyTh ONMHUCHIBAaeTCs ypaBHeHHeM S = 2t° (S — n3Mepsercs B MeT-
pax, t — B CeKyHJax). YToJl MEX]ly BEKTOpaMH IMOJIHOTO yCKOpe-
HUS U CKOPOCTHU C TEYCHHEM BPEMEHH ... .

a) yMEHbIIIaeTCs 0) yBeIMYMBAETCSl  B) HE U3MEHSETCS

I') CHauaja yMEeHbIIIAaeTCsl, 3aTeM YBEIMUNBACTCS

3.9. Kamenb Opocuiy o yriioM K TOPH30HTY CO CKOPOCTHIO
VoV = 5t-T+ 12t-J.v, Ero tpaekropus B le

-
Yo

OAHOPOIHOM IIOJIC CHJIbI TAXKCCTHU H3o6pa— B D
A

*KeHa Ha pucyHke. ConpoTHUBIEHUS BO3LyXa
HeT. Ha yuactke A-B-C ... .

a) MOJYJIb HOPMAJIBHOTO YCKOPEHUS! YMEHBIIAETCS, MOIYJIb
TaHTCHIIMAJILHOTO YCKOPEHHUS YBEIMUUBAETCS

0) MOy Ib HOPMAJILHOTO YCKOPEHUS YBETUUMBAETCS, MOTYJIb
TaHT€HIIMAJILHOTO YCKOPEHUS YMEHbBILAETCS

B) MOAYJIM HOPMAaJbHOIO M TAHI'€HLUHUAJIBHOTO YCKOPEHHM
YBEJINYUBAOTCS

I) MOIYIM HOPMAJbHOTO M TaHTE€HIUAJIBHOTO YCKOPEHHM
YMEHBILIAKOTCS

3.10. Touka A JOBMXETCSI BIOJIb CIIMPAJIM B HAIPaBJICHUM,
YKa3aHHOM CTPEJKOM, C MOCTOSSHHOW 1O BEJU-
YiHE CKOpOCThIO. [Ipy 3TOM BenuunHa €€ mno-
HOT'O YCKOPEHMsI IIpH IBMKEHUU K Touke O ... .

a) MOCTOAHHA U paBHA HYIIIO
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0) OCTOSIHHA U HE paBHA HYIIO
B) YBEJINYUBAETCS
I') YMEHbIIAETCS
3.11. MarepuanbHasi TOYKa JIBHXKETCSI TaK, YTO C TEUCHHEM
BpeMEHM €€ KOOpAMHAThl H3MEHAIOTCS 110  3aKOHAM:
x =2t + 6t> — 4t y= 5t—4t3+1,5t* u z=4 + 8t — 2>. Borunciure
MOJyJIb CKOPOCTHM MarepHajlbHOM TOYKM B MOMEHT BPEMEHHU
t=6c.
Ortsert: 991,06 M/c
3.12. MarepuanbHasi TOUYKa ABUKETCS TaK, YTO C TEYCHHEM
BPEMEHU €€ KOOPAUHATHI U3MEHAIOTCA 10 3aKOHAM: X = 2t — 2,
y=4+t*+ 5t uz=9t+ 7t* + 3t*. Haiinure Mmomynb yckopeHus
MaTepuaibHON TOYKH B MOMEHT BpeMeHu t =2 c.
Ortser: 169,92 m/c?
3.13. Paguyc-BekTop yacTHUllbl B HayaJbHbIH MOMEHT Bpe-

MEHHU paBeH [y =(i + j)-C, rne C = 8 m. CrycTst HEKOTOPBIiA
MPOMEKYTOK BPEMEHU MOJLYJIb CKOPOCTH YaCTHI[BI, KOTOpAs U3-

4
I
Mmensiercs o 3akony V=K| A——B| — | |, oka3zascst paBHBIM
T T

Hy0. OnpeeNuTh Ha KAKOM PacCTOSTHUU OT Hadajia KOOpIUHAT

OKa3zajach 4YacTHIla B paccMaTpyUBacMblii MOMEHT BpPEMEHHU,
ecm A=16wm/c, B=2wm/c,t=2c.

Otser: 40,03 m

3.14. Paguyc-BEKTOp YaCTHUIIBI 3aBUCUT OT BPEMEHH IO 3a-
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wony ()= CGT—BGT +;.D(g+m@. e

Pe3 CKOJIBKO CEKYH/] CKOPOCTh YaCTHIIbI OKAXKETCSI MEePIICHANKY-

nsipHoit ocu Ox, eciu t =3 ¢, B=5M, C=3 M, D=6Mm,
E=1wm?

OtBet: 4 ¢

3.15. B HauanbHBIE MOMEHT BPEMEHHM CKOPOCTb 4YaCTHUIIBI

paBHa HyJIO0, a €€ YCKOPEHHE 3aBUCUT OT BPEMEHH IO 3aKOHY

5 3
~ = t = t
a(t)=i C(;j +j- D(;j . Uepe3 CKOIBKO CEKyHJ CKOPOCTh

gacTuIlpl OyneT HampasiieHa mon yrioM 45° x ocu Ox, eciu
1=2¢,C=27Mm, D=8 M?

OtBer: 1,3 ¢

3.16. YacTuia Hayana IBMXKEHUE U3 TOUKHU C KOOPIUHATAMU

X0 =2 M; yo =4 M; zo = 6 M C HyJI€BOW Ha4aJIbHON CKOPOCTHIO.

E€ ckopocTh  3aBHCHUT OT BpPEMEHH 1O  3aKOHY

v(t) = i-AtY +] -Bt® + k- Ct?. Haittu paccTosTHUE OT Havasia Ko-

OpJIMHAT JI0 TOYKH, B KOTOPOM OKazaiach 4acTULA yepe3 S ¢ mo-

cIIe Havana ABWDKeHH, eci A = 4 m/c’, B =2 m/c*, C =12 m/c’.

OtBer: 25722 M

3.17. Yactuna Hauana cBOE JBMKEHHE U3 Ha4Yalla KOOPIUHAT

C Ha4YaJbHOU CKOPOCTBIO Vy=K-A M C yCKOpEeHHEM, KOTOpOe

3aBUCUT OT BPEMEHHU MO 3aKOHY é(t):T-Ct2+]-Bt3. Haiitu
MOJIyJIb CKOPOCTH YacTHII B MOMEHT BpeMEHH t = 4 ¢, eciu
A=2wm/c; C=3wm/c"; B=4wm/c>?

OrtBert: 263,89 M/c
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3.18. Yactuua Hauana IBUKEHUE U3 Hayasla KOOPAUHAT, U €€
CKOpPOCTh 3aBUCUT oT BpEMEHHU o 3aKOHY

4
\7(t) = (T -A+]‘B+R-C)[£) . Kakoii myTh mpoiinér uactuima
T

3aBpemit=3c,t1=2c,ecmu A=2wm/c; B=3wm/c; C=4m/c?
Otser: 16,36 M
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3.19. CxopoCThb 4acCTULbl U3MEHSETCS CO BPEMEHEM I10 3aKOHY
V= ?ACOS(O(,tz)-‘r ]Asin (oct2>+ kBt?, rme A =2 m/c, B =3 m/c,

o =2 ¢ 2. Ha KaKylo BeIMUHMHY YBEIMUUTCS MOLYIb YCKOPEHHUS
YaCTHUIIbI 32 TPOMEXKYTOK BpeMeHH OT t; =1 ¢ 1o t2 =3 ¢?
Otser: 20 m/c?

3.20. CxkopocTh 4acTHUIIbl U3MEHSIETCSI CO BPEMEHEM MO 3a-
KOHY V:(D—ZBt)], e D = 4 m/c, B =2 m/c>. B MmomeHT

t = 0 koopauHara y, = 0. Haiftu nyTh, npoiiicHHbIA YacTUIIEH
3a IPOMEKYTOK BPEMEHHU, 10 MCTEUYEHUU KOTOpPOro OHa Bep-
HETCA B UCXOAHYIO TOUKY.
OtBer: 4 M
3.21. Temo HaumHAeT OBWIKEHHE BIOJb OCH X HU3 TOUYKHU
Xo = 1 M Tak, 4TO €ro CKOpOCTh 3aBUCUT OT KOOPAHHATHI 110 3a-
KOHY Vx = 0,4 x. HaliTu ckOopoCTbh Tejla B MOMEHT BPEMEHHU S C.
OrtBer: 2,96 M/c
3.22. Yactuiia HaYMHACT ABUTAThCSA BAOIL OCH X M3 TOUKHU
Xo = 1 M Tak, 4TO €€ CKOPOCTh 3aBHCHUT OT KOOPJMHATHI IO 3a-
KOHy Vx = Bx, e B =0,5 ¢'!. Haiitu yckopeHue 4acTuiisl B Mo-
MEHT BpeMeHHU t = 3 c.
Otset: 1,12 m/c?
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3ansarus 6, 7.
4. KHHEMATHUKA ABUXEHUA TBEPI[OFO TEJIA
[Ipocrelmmmu BUIaMu ABUKEHUS TBEPIOTO TEa ABIS-
FOTCS TIOCTYIIATEJIbHOE JIBUKEHUE U €r0 BpalllEHUE BOKPYT He-
NOJBMXXHOM och. CIIOXkKHBIE BUKEHHUS TBEPJIOrO TEJIa MOXKHO
paccMaTpuBaTh KaK CYIEpPHO3UIINI0 (HAJOXKECHHUE) BpaIlaTelb-
HOT'0 Y MIOCTYNATEIbHOIO IBMKECHUH.
4.1. IlocTynarenbHOe ABUKEHHE TBEPAOIO Tesia

HOCTVH&TGHBHI)IM Ha3bIBAOT TAaKOC ABUKCHHUEC, IIPU KO-

TOPOM JIH00as mpsimasi, ’KECTKO CBSI3aHHAs C TEJIOM, OCTAa&TCs a-
payenbHON caMoil cebe. CKOPOCTH M YCKOPEHHUSI BCEX TOUEK
Tena, IBUKYILErocs MOCTyNaTreabHO, OAMHAKOBBI, 8 TPAEKTOPUHI
UX JBUKCHMSI COBMEILAIOTCS IIPU NIapajuleIbHOM nepeHoce. OT-
CI0Jia CJIEy€eT, 4TO JUIsi KHHEMAaTUYECKOr0 ONMMCAHUS IIOCTyIa-
TEJIBHOTO JBW)KEHUS Tejla JOCTaTOYHO ONUCATh IBUYKEHUE JIIO-
00l ero TOYKH.
4.2. Bpauenue TBEpaoro rejia BOKpPYr HelmoABUKHOM 0CH
BpamarenbHbIM IBM)KEHHEM TBEPJIOTO TEJIA BOKPYT HE-

ITOABUKHOM OCH HA3bIBAIOT TAKOE €T0 ABMKEHUE, TP KOTOPOM
TOYKH TeJa, HaXOAAIINECS HA DTOU OCH, OCTAIOTCS B MPOLIECCE
JBUKEHUSI HENOJBM)KHBIMU, a OCTaJbHBIE €r0 TOYKH OIHCHI-
BAIOT OKPYKHOCTH, JIEXKAIIHUE B IJIOCKOCTAX, MEPIEHANKYIIAP-
HBIX OCH BpAIllCHM, 4 UX HEHTPBI HAXOAATCS Ha 3TOM OCH.

IIpn BpameHnn TBEPAOrO Teia BOKPYI HEMOIBUKHOMU
OCH BCE €r0 TOYKH 3a OJMHAKOBOE BPEMS MOBOPAYMBAIOTCS HA

OJIMH M TOT K€ yroja @, Ha3bIBACMBIM YTJIOM ITIOBOPOTA, TIOSTOMY

JUIS OMIMICAHUS BPAIlIEHUs BCETO TeJla BOKPYT HEMOJIBUXKHOM OCH
JIOCTaTOYHO yKa3aTh yroJ MOBOPOTa KakK (yHKIIUIO BPEMEHHU:
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o=0(t).
BricTpOoTy M3MEHEHMs yria NMOBOPOTa XapPaKTEPU3YIOT
3aJaHUECM erIOBOfI CKOpOCTI/II

5=
dt

VroBasi CKOPOCTh TBEPAOTO Tela ® OJMHAKOBA JUIs
BCeX TOYEK Tejia. YTriioBas CKOPOCTB MPEACTABIIACT CO6OI>1 AKCH-
AIbHBIN BCKTOp, HC I/IMeI-OI_I_II/Iﬁ TOYKHU ITPHUIIOKCHUA, HAITPABJICH-
HBIH BJIOJIb OCH BpalllCHUA B CTOPOHY, CBA3AHHYIX C HAIlpaBJIC-
HHECM BpalllCHUS ITPAaBUJIOM IIPABOI'O BUHTA.

AKCHATBHBIH BEKTOP YITIOBOTO YCKOPEHHsS € XapakTe-
pUusyer 6HCTpOTy HU3MCHCHUS BEKTOpPA er'IOBOI71 CKOpPOCTH:

€= (im A® = do .
At—0 At dt

OH HAIlpaBJICH BAOJIb OCHU BpalllCHUSA B TY KE CTOPOHY,
4TO U yIi1oBasgd CKOPOCTh, €CJIN IBUKCHUC YCKOPECHHOC, U B ITPO-
THUBOIIOJIOKHYIO — €CJIN 3aMCIJICHHOC.

4.3. Cea3b MEKTY JHMHEIHBbIMH U YIJIOBBIMM BCJIHYMHAMU

IIpexne Bcero BeISIBUM CBSI3b MEXKAY JIMHEWHOMN U yIJIO-
BOW CKOPOCTSIMH JIBUKCHUS:
dr| Rd
v=|—=-"2=Ro.
dt dt
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Tak xax R =rsin® (puc. 4.1), o v =m-rsin0. B To xe

Bpems u3 puc. 4.1 cnexyer, uTo BekTOp V MEpIEHIUKYISPEH U
BEKTOpy @, 1 BeKTOpy I . COrIacHO ONPE/IENIEHHIO BEKTOP, PaB-
HbI BEKTOPHOMY MPOU3BEIAECHHUIO JBYX BEKTOPOB, IO BEJIUYNHE
paBEH MPOU3BEACHUIO UX MOJIYJIEH HA CUHYC YTJjla MEXIY HUMH,
a MO0 HAMNPABJICHUIO MEPICHAUKYISAPEH KAKIOMY U3 HUX. JTO
03HAYaeT, 4YTO BEKTOp JIMHEHHOMU
CKOPOCTH HEKOTOPOW TOYKH TBEP-
JIOTO Teja paB€H BEKTOPHOMY IpO-
W3BEJEHUIO BEKTOpa YIJIOBOM CKO-
pOCTH ABUXKEHUS Tejla HAa pajguyc-

BEKTOp 3TOM TOoukH. llopsimok 3a-
nu« Puc. 4.1 -enei ompezensercs MpaBUiIOM MPaBOro BUHTA.
VYuuThIBas 3T0, MOXKHO 3anmucath (cM. puc. 4.1):

V= Co,?].
MO,[[YJ'IB TAHT'CHIOHUAJIBHOI'O yCKOpeHI/IH Hpe,I[CTaBI/IM B
BUJC:
dv d
a’C = —_—
dt dt

WJTU B BEKTOPHOU opme:

(wR):R%—?:est-r-sine

. =[er],
rae T — paauyc-BEKTOp JaHHOM TOUKH.
I[J'IH MOAYJISI HOPMAJIBHOT'O0 YCKOPCHHA HMECM
Vi oR?

a,=—= =w’R .
R R
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3AJIAHUSA 11 AYIUTOPHOM Y JTOMAIITHEN
PABOTDI 1O PA3JIEJTY 4

"KHHEMATHKA JIBUKEHUS TBEPJOT'O TEJIA"

4.1. Touka JIBUXKETCA MO OKPYXHOCTH C YIJIOBBIM YCKOpE-
HueMm € ~ t. [lpu t = 0 ymoBas ckopocts ® = 0. Moayns HOp-
MaJbHOI'O YCKOPEHHUS TOUKH an ~ t". 3Haue€Hue n PaBHoO ... .

a)4 06)3 B2 1l no
4.2. Eciu 51 u an — TaHTEHLIMaJIbHAas U HOpMaJIbHAs COCTaB-

JSIOMIAE YCKOPEHHs, TO JJIsi PaBHOMEPHOTO JIBHKECHHUS I10
OKPY>KHOCTH CIIPaBEUINBbI COOTHOIICHUS ... .

a) a; = 0, a, = const 0)a;=0,a,=0

B) a; = const, a, = 0 I') a; = const, an # const

4.3. BpamarenpHoe OBUKEHHE Tella BOKPYI HEIMOJBHUYKHOM
OCH OIHUCHIBAETCA ypaBHeHHEM @ = 2t — 41> (¢ — B pajuaHax,
t — B cexyHnax). Bpamenue HaunHaeTcs B MOMEHT BPEMEHHU
t = 0. [lonoXXuTEeNbHBIE YIIIBI TOBOPOTA OTCUYUTHIBAIOTCS 110 Ya-
coBoif ctpenke. B MomenT Bpemenu t=0,5c¢ ... .

a) TeJ0 MOBOPAUYMBAETCS [0 YACOBOM CTPEJIKE, YCKOPSIACH

0) TeI0 OCTaHOBUJIOCH

B) TEJIO IOBOPAYMBAETCS 110 YaCOBOM CTpEIIKe, 3aMeIsIsICh

T') TEJIO MOBOPAYMBAETCS IPOTHB YaCOBOW CTPEIIKH

4.4. JTuck KaTuTcs paBHOMEPHO 10 TOPU30HTAIIBHON OBEPX-

HOCTH CO CKOpPOCThIO V() 03 MpOCKab3bl- A

BaHMH. BCKTOp CKOPOCTHU B TOUKC A, JICKa- 1

11eil Ha OOKOBOI MOBEPXHOCTHU JAUCKA, OPH- 3 2
E€HTHPOBAH B HAIIPABJICHUH ... .
a)l 06)2 B3 n4
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4.5. YacTuua 1BUKETCS BIOJIb OKPYKHOCTH C paguycoMm 1 M
B COOTBETCTBHMM C ypaBHeHHeM (t)=2m(t>—4t+6)@(t) =
21(t?- 4t + 6), re @ @— yron B paguaHax, t — Bpems B CeKyH-
nax. OTHOIIEHHE BEJIMYUHBI €€ HOPMAIBHOI'O YCKOPEHHUS K Be-
JUYMHE TAHTEeHIIMAIBHOTO (KacaTeabHOro K TPAeKTOPHH) YCKO-
penus an/a:a, /a; B MOMEHT BpeMeHr  t =2 Ct = 2¢ paBHO ...

a)0 0)4n B)8T 1) l6m
4.6. JI€rkui auck paanyca R HaumHaeT Bpamarbcs B TOpH-

30HTAIBHON IITOCKOCTH BOKpYT ocu Z, 4% Pk
o 2
HPOXOAAIICH MEepIeHIUKYISIPHO €ro
0
IUIOCKOCTH 4€pe3 €ro LEeHTp. 3aBuch- | — 24 N0 (810 t¢
-2 1 I
| |

MOCTb yIJIa IOBOPOTA OT BPEMEHH I10- L1
KazaHa Ha rpaduke. Bo CkoIbKO pa3 OTIMYAIOTCS BETUYMHBI
HOPMAJIbHBIX YCKOPEHHUH TOYKHM Ha KpPako IMCKa B MOMEHTHI Bpe-
MeHu t1 =5cuta=8c?

a) B 2 paza

0) B 4 paza

B) HE OTJIMYAIOTCS, TAK KaK paBHBI HYJIO B 000UX CIIydasx

I') pPaBHBI JPYT APYTY U OTJIMYHBI OT HYJS

4.7. Yactuna IBUXKETCS BAOJIb OKPYKHOCTHU paguycoM 1 M B
COOTBETCTBHH ¢ ypaBHeHHeM ¢(t) = 2m(t> — 6t + 12), rie ¢ — yron
B paJluaHax, t — Bpems B CeKyH1aX. YIJIOBOE yCKOPEHHE YaCTULIbI
uepes 3 ¢ mocie Hayana JBMKEHHUs PaBHO ... C 2,

a)dn 06)2n B)0 T1)6T
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4.8. Jluck Bpaiaercs BOKPYT CBOEH OCH, U3MEHSIS IPOEKITUIO

CBOEH yIJIOBOM CKOPOCTH TakK, Kak ; ®0 A
II0Ka3aHO Ha pucyHke. Ha kakux ; 5 D
ydacTKax rpaduka 3aBHCHUMOCTH t
oAt)w,(t) BekTOp YIIIOBOI CKOPO- c

CTH ' U BEKTOP YIJIOBOTO YCKOPEHHMs € HANpPAaBICHBI B OJHY
CTOpOHY?

a)0-Au A-B  0)0-AuB-C

B) B-Cu C-D r) Bcerna HanpaBiieHbI B OIHY CTOPOHY

4.9. TBépnoe Teno HaAYMHAET BpaIaThCs BOKPYT ocu Z C yr-

JIOBOW CKOPOCTBIO, MPOEKLHS KOTOPOH i i
A0

HU3MCHACTCA BO BPEMCHH, KaK ITOKa3aHO

[

Ha rpaduke. Ha kakoil yrom otHOCH-

g T107

2|

TCJIBHO Ha4YaJbHOI'O IIOJOXCHHA OKa- —-%——‘I‘ B
11

1O

XKeTcsi TOBEPHYTHIM Teno yepe3 10 ce-
KyHI?
a)12pan 6)16pax B)8pam T)32pan
4.10. TBépmoe Teno u3 COCTOSHUS TT0-

KOSl HQUMHAET BpaIlaThCsi BOKPYT ocu Z €z, pan/c? |

C YIJIOBBIM YCKOPEHHMEM, IPOEKIMS KO- z s o]
TOPOr0 M3MEHAETCA BO BPEMEHH, KaK ] 270416 P tec
N0Ka3aHo Ha rpaduke. B xakoil MOMEHT Za

BPEMEHHU YTJIOBasi CKOPOCTh BpAIICHUS
TeJa JOCTUTHET MaKCHUMAaIbHOM BETUYHHBI?
a)2c 0)3c¢c B)5c 1)l0c
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4.11. Muck paguyca R Bpaiaercst BOKpyr
BEPTUKAJIBHONH OCH PABHOYCKOPEHHO C 3a-
JAHHBIM HAIlpaBJIEHMEM BEKTOpa YIJIOBOI'O
YCKOPEHHST €. YKaKHUTE HAMpPABICHHE BEK-
TOpa JTMHEHHON CKOpoCcTH V .

a)2 06)1 B4 13
4.12. MarepuanpHasi TOUKa JBHKETCS BIOJb IUIOCKOM KpH-

BOH, oOpasyromieil cunycouny y = sin(kx), y, A
rie k = const (M. pUCYHOK) B HaIlpaBJIeHHH H
NG

BO3paCTaHusl KOOPAHUHATLI X C MOCTOSIHHOM X

110 BEJIMYMHE CKOPOCThIO. [Ipu 3TOM Benu-
YHHA TMOJHOTO YCKOPEHHUs MaTepHalbHON TOYKU OyldeT MUHU-
MaJbHOMU B CIEAYIOIIEH TOUKE TPACKTOPHH ... .
a)A 06)b BB 1)l
4.13. Teno Bpamaercss BOKpYT HENMOABUXKHOU ocu. M3meHe-
HUE yIJia MOBOPOTa CO BPEMEHEM OIPEACNISIeTCS ypaBHEHUEM
o = At> - Bt* + Ct5, rne A =7 pan/c®, B =5 pan/c®, C =2 pan/c’.
Haiitu MOmynib TAHTEHITMATIEHOTO YCKOPEHUST TOYKHU TeJia, HaXo-
nsuieiics Ha pacctossHUM R = 0,2 M 0T ocH BpalieHus, B MOMEHT
BpeMeHM t =2 C.
Ortset: 50,4 m/c?
4.14. Teno Bpamaercs BOKPYTI HETOABHKHON ocu. M3meHe-
HUE yIJia TOBOPOTa CO BPEMEHEM OIpPEACNSIeTCS ypaBHEHUEM
¢ = At + Bt? — Ct, tne A = 2 pan/c, B = 2,5 paw/c?,
C = 0,2 pan/c’. HaifTu MOy b HOPMAJIBHOTO YCKOPEHHUS TOUKH
Tela, HaxoAsuencs Ha pacctostHud R = 0,5 M oT ocu BpaiieHus,
B MOMEHT BpeMeHu t = 3 c.
Ortser: 67,28 m/c?
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4.15. Teno BpamaeTcss BOKpYT HEMOABMXHOU ocu. M3MeHe-
HHE JIMTHEHHON CKOPOCTH T€JIa OT BPEMEHU OIPEAENSAETCS ypaB-
HenueM v = A — Bt, rie A = 0,7 m/c, B =0,5 m/c?. Haiitu Moy
MOJIHOTO YCKOPEHUSI TOUKHU TeJla, HAXOIAIIECHCS Ha pacCTOSTHUU
R =0,1 m ot ocu BpalieHus, B MOMEHT BpeMeHu t = 4 c.

Otger: 16,91 m/c?

4.16. Touka IBHXKETCS IO Jyre OKPYXKHOCTU TaK, YTO YIoOJI
MOBOPOTa 3aBUCUT OT BPEMEHHU 10 3aKOHY ¢ = At + Bt?, re
A =0,2pan/c, B=0,01 pan/c’. HaiiTu TaHreHC yIia MEK1y BEK-
TOpPaMH CKOPOCTH U HOJHOTO YCKOPEHHSI TOUKH B MOMEHT Bpe-
MeHH t =4 C.

Orser: 3,92

4.17. Jluck paguycoM 2 M BpalaeTcs TaK, 4YTO 3aBUCUMOCTh
OT BPEMEHU JIMHEHHOWU CKOPOCTU HEKOTOPOH Touku C, nexalieit
Ha o0ome IMCKa, 3a7aeTcs YpaBHEHHEM V = At + Bt2, rae
A =4 wm/ct, B=2 wm/c . OrnpenenuTh TaHT€HC YIJIa MEKIY BEK-
TOPOM MOJIHOTO yCKOpeHus: Touku C 1 paanycoM AKUCKa, IpOBe-
JNEHHBIM B 3TY TOUKY, Y€pe3 3 C Mociie Hauyalla ABUKEHUS.

Otser: 0,015

4.18. Touka nBUKETCS MO OKPY>KHOCTH panuycoM R = 0,5 m
TakK, 4To €€ ayroeas KoopauHata L, oTcuuThiBaemasi BIOJIb
OKPY>KHOCTH OT HEKOTOPO Ha4yaJIbHOW TOUKH, JIEKAILEH Ha 3TOU
OKPYKHOCTH, HM3MEHSETCSI C TEUEHHEM BPEMEHHM 10 3aKOHY
L = At— Bt’, e A = 15 m/c, B = 2 m/c’. Haiitn HOpMansHOe
YCKOpEHHE TOYKH B MOMEHT BpeMeHHu t = 1,5 c.

Ortser: 4,5 m/c?

4.19. Touka IBHXKETCS MO OKPYKHOCTH paauycoM R = 10 m
TaK, 4TO IPOXOJUMBIN €10 MYTh 3aBUCUT OT BPEMEHU I10 3aKOHY

S=At?+Bt? ,Tne A =2 m/c?, B =1,5 m/c®. Haiitu oTHOImEHNE
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HOPMAaJIbHOTO YCKOPEHHS TOUKH K €€ TAaHT€HIIMAJIbBHOMY YCKOpe-
HUIO B MOMEHT BpeMeHH t = 2 C.

Ortsert: 3,07

4.20. MarepualibHasi TOUKa IBUKETCA 110 OKPYKHOCTH paju-

ycoM R = 1 M. 3akoH €€ IBM)KEHUS BBIPAXKACTCS YpaBHEHUEM

S=Bt*, e B = 6 M/c%, a S — npoiigennsIii myts. Haiitn mo-
MEHT BPEMEHH t, B KOTOPHIH TaHTCHIIMATBHOE YCKOPEHUE TOUKHU
a: = 9 M/c?. OTBeT 3amUCaTh C TOYHOCTBIO O COTHIX.
OtBeT: 0,25 ¢
4.21. Touka ABMKETCS 110 OKPY>KHOCTH TaK, YTO MIPOXOTUMBIi
€10 MyTh 3aBUCHUT OT BpPEMEHU [0 3aKOHy S= Bt®, e
B = 0,5 m/c’>. B MOMeHT BpeMeHH t = 2 ¢ TIOJIHOE YCKOpEHHUE
Touku OyzeT paBHo 10 m/c?. HaifTu paguyc OKpy>KHOCTH.
OtBer: 4,5 M
4.22. Jluck Bpamiaercs BOKPYI HENOJIBHUYKHOM OCH Tak, YTO
3aBHCHMOCTH yIVIa IOBOPOTA pajnyca JUCKa OT BPEMEHHU 3aja-
€Tcsl ypaBHECHUEM (p:At2 , e A = 0,1 pan/c’. Onpenenurs
MOJIHOE YCKOPEHUE TOYKH Ha 0001 AMCKA K KOHILY BTOPOU Cce-
KYH/IBI TTOCJI€ HavaJla IBUKEHUS, €CJIM JTMHEIHAS CKOPOCTH ITOM
TOYKHU B 3TOT MOMeHT V = 0,4 m/c. OTBeT 3anucarb ¢ TOUYHOCTHIO
JI0 COTBIX.
Otsert: 0,26 m/c?
4.23. OgHOpPOHBIN JUCK HAYMHAET BPAIIEHUE U3 COCTOSHUS
MOKOSI BOKPYT HETIOABUKHOM OCH, NEPIEHAUKYISIPHON TIIOCKO-
CTH JIMCKA U MIPOXOSIIEH Yepe3 ero reoMeTpUUeCKuid LIEHTp, C
YIJIOBBIM ycKopeHueM € = Pt, rae B = 3 pan/c’. Haiitu yron no-
BOpOTa JUCKa 3a Bpemsi t = 4 c.
Otser: 32 paxg
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4.24. O1HOPOHBIN TUCK HAYWHAET BpAlllEHNUE U3 COCTOSHUSA
IIOKOSI BOKPYT HEIOABUKHOW OCH, NEPIEHAUKYIAPHON TUIOCKO-
CTH JIMCKA U IIPOXOASIIEH 4epe3 ero reOMETPUIECKUI LIEHTP, C
YIIOBBIM ycKopenueM & = A-Bt, tne A=12 pan/c?, B =4 pan/c’.
Haiitu yrosm moBopora aucka 3a TO BpeMsl, II0Ka JUCK HE OCTa-
HOBUTCS.

Otsert: 72 pan
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3ansitue 8 —- KOHTPOJIBHASA PABOTA Nel
IIpumep KOHTPOJIBLHOIO 3a1aAHUS

1. qaCTHHa JABHXXCTCA TakK, 4TO eé paanycC-BEKTOP 3aBUCHUT OT

3 4
BPEMEHH 110 3aKOHY ?(t)=TA(£J +]B+RC(£} , TIe
T T

A, B, C — mocTossHHEIC BEIUYNHEI, T, ], K — €IMHUYHBIE OPThI

B JICKapTOBOM cHcTeMe KoopauHaT. Haiinure Moayab CKOPOCTH

B MoMeHT Bpemenu t =1 ¢, ecmu t1=1 ¢, A=5m, B=4 M, C=3 m.
a)l72wm/c  6)182wm/c B)192m/c T)20,2wm/c

2. HaganbHas ckopocTb yacTHIbl paBHa V=161 —-6], a ycko-

pEeHHE MEHSETCSI BO BPEMCHHU IO 3aKOHy a = —6t2- 1 +4t3 K.
Yepes CKOIBKO CEKyH]I CKOPOCTh YAaCTHIIBI OKAXKETCS IepIIeH /TN~
KyJisipHOU ocu OX?

a)1,33¢ 06)2c B)4c

I') HUKOI/1a He OyaeT nepreHaukyaspaoi OX

3. Pammyc-BekTop 4acTHIbl n3MeHseTcs Bo  |F

BpeMeHH 110 3akoHy T =—21 +3t*- j. B mo-

MEHT BpeMeHH t = | ¢ yacTuia okaszaiach B
Touke A. Beibepere nmpaBuUiibHOE HaIpaBJe- i
HUE CKOPOCTU YaCTHUIbI B 3TOT MOMEHT Bpe-
MEHH.

ayl 0)2 B3 n4 mns

4. CKOpOCTh 4YaCTHIBI M3MEHSETCS BO BPEMEHH 110 3aKOHY
V=>5ti+12t jv = 5t-1+4 12t-]. UeMy paBHa BeITUYUHA TaH-

TEHIMANTBHOTO YCKOPEHHNs YacTHIEl B MOMEHT BpeMeHH t1 = 1
ct = 1c?
a) 26 m/c®M/c®  6) 13 m/c®M/c?  B) 17 m/c®Mm/c?
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r) 34 M/c®M/ c?

S. TBépnoe Teno HaYMHAET BpaIaThCsA
BOKPYT ocu Z C YIJIOBOH CKOPOCTHIO,
IIPOEKLMSI KOTOPOH M3MEHSETCSI BO
BPEMEHH, KaK MOKa3aHO Ha rpaduke.
Ha xakoil MakcHMaJIbHbIN yTroJl OTHO-
CHUTEILHO HAYaJbHOTO IOJOKEHHs 2
CMOJKET IIOBEpPHYTBhCS TEJIO 3a BCE
BpeMs BpalleHus?

a)8pan ©O)4pax B)24panm 1) 12 pan

(’029 Paﬂ/c

!
()
|

L
iy
!
o
-~
L]

-

6. MarepuanbHast Touka M JBUKETCS 10 OKPYKHOCTH CO CKOPO-

creio V. Ha puc.l mokazan rpaduk 3aBHCHUMOCTH TPOEKIIMU
CKOpOCTH V; OT BpeMeHH (T — €IMHMYHBII BEKTOP MOJIOKUTEb-

HOTO HampaBieHusi, V. — nmpoekuus V Ha 3TO HANpaBJICHUE).
[Ipu 3TOM BEKTOp MOJIHOTO YCKOPEHMS Ha pUC.2 UMEET HalpaB-

JEHHE ... .
V.4 M ot

—

.
¥

Puc. | t Pric. 2
a)2 06)1l B3 14
7. CkopoCTh MaTepuaIbHONW TOUKU MPU Pa3IUYHBIX CIOco0ax
OINMCAHHUS MOJIOKEHUS MAaTEPUATIbHOW TOUKH.
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3anaTusa 9 — 12

5. IMTHAMHUKA MATEPUAJIBHOU TOUKHA U

CUCTEMbI MATEPUAJIBHBIX TOYEK
5.1. luHaMuKa IBMKEHUS] MAaTePHAJIbHON TOYKH.
3akonnl HeroToHa
B nuHaMuke paccMaTpHUBarOT B3aUMOIEHCTBHS MEKIY

TeJaMU, KOTOPBIE SIBIIAIOTCS NPUYUHOM M3MEHEHUS JBUKCHUS
9TUX TeIL

BGKTODHVIO BCIIMYMHY, ABJIAIOMIYIOCA KOJIMISCTBCHHOMN

MEPOH AEUCTBUA TEJ APYT HA JAPYra, Ha3bIBAIOT CHJIOMN.

OnbIT MOKa3bIBAE€T, YTO OAMHAKOBOE CHJIOBOE BO3JEH-
CTBHE, OKa3bIBAEMOE Ha Pa3HbIC TeJIa, IPUBOAUT K TOMY, YTO OHH
B 00111€M ciyyae OyyT IBUTaThCsl C Pa3INYHBIMU YCKOPEHUSIMHU.
CnocoOGHOCTH Tea MpuoOpeTaTh ONpeaeIEHHOE YCKOPEHUE O
JICWCTBUEM CHJIBI HA3bIBAIOT MHEPTHOCTHIO. KonmmuecTBEHHOM
XapaKTePUCTUKON WHEPTHOCTH SIBIISIETCS BEIMYMHA, Ha3bIBae-
Masi MacCoM.

J1st XapaKTepuCTUKH JBUKEHUS TeJa BBOAST BEKTOPHYIO
BEJIMYHHY, HA3BIBAEMYIO MMIIYILCOM P =MV .

B 0CHOBY KJ1acCM4eCKOM MEXaHUKH TOJIOKEHbI TPU IO-
CTyJara, Ha3bIBaeMble 3akoHaMHu HproToHA.

CornacHo nepBoMy 3akoHy HbroToHa:

Cywiecmeyrom maxue cucmemvl Omcuéma, Ha3vlede-
Mble UHEPUUATIbHBIMU, O OMHOUIEHUIO K KOMODPbIM C80000-
HasA MamepuanibHas MoYKa NOKOUMCA WU OGUICEMCA PAGHO-
MEPHO U RPAMOTIUHENIHO.

CBO0O/IHO HA3BIBAIOT MATEPHAIbHYIO TOYKY, Ha KOTO-

pYIO 1100 CUJIbI HE JEHCTBYIOT, 1100 ux BCKTOpHasA CyMmMma
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paBHA HYJIIO.
CornacHo BTOpOMY 3aKoHY HpIOTOHA:

B UHEPUUAIBHBIX cCUcCmemax omcuéma CKopocmb U3-
MEHEeHUsA uUmMnyjioca Mamepuajlbnoﬁ mou4Ku nponopuyuo-
HAbHA cue, 0eliCMEyIowell Ha INY MOUKY:

dp -
P _E, (5.1)
dt

n
e F= z F,, TO €CTb MPE/IONATaeTcsi, 4YTO COBOKYITHOCTb He-
i1
CKOJIBKHX CHJI, OJHOBPEMEHHO JCHCTBYIOIMX HA MaTepHalb-
HYIO TOUKY, BBI3BIBACT TOT e 3(P(MEKT, UTo U JAeiiCTBHE OTHOI

cwibl F, paBHOI BektopHOU cymme 3tux cuil. Cuiny F Ha3sbl-

—

BAaIOT PE3YNBTUPYIOLIEH cucteMsl cui F;.
Ecim wmacca marepuaibHOM TOYKHM HE HM3MEHSCTCS

(m=const), To, Tak Kak P=mV , u3 (5.1) ciaenyer:

m%:ﬁ wi  F=mi. (5.2)
®opmyiy (5.2) MOXKHO IPEACTaBUTh B BUJE:
mii:ﬁ (5.3)
dt>
WIN B IPOEKIMIX Ha KOOPAMHATHBIE OCH:
O e @2 sy

— I'x z

dt? a2 e
VYpaBuenue (5.3) u cucremy ypaBHeHUi (5.4) Ha3bIBAIOT
JMHAMUYECKVMHU _YPABHEHMSIMM _ JIBM)KEHUS MaTepuaabHOU

TOYKH.
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B cooTtBeTcTBUM C TpeThbUM 3akoHOM HbroToHa:

B unepyuanvnoin cucmeme omcuéma cunuvl, ¢ KOmo-
Puimu Oelicmeyrom Opyz Ha Opy2a 06e MamepuaIbHblX MOYKU,
PA6HbL NO eIUYUHE, HANPABIEHbL 8 RPOMUEONOI0NHCHBLE CHIO-
POHBL U UMEIOMm 00WLYI0 TUHUIO 0eliCMEUAL.

Ecnu B3aMMOIENCTBYIOT MaTepUalibHbIe TOUKU C HOMeE-

paMHu i ¥ j, TO B COOTBETCTBHH C TPETHbUM 3aKkOHOM HploTOHA

-

Fj=—F;.

5.2. YpaBHeHuUe IBUKEHHUS CHCTEMbI MATEPHAJIbHBIX TOYEK

[TycTh MexaHu4eckasi CHCTeMa COCTOUT U3 N MaTepHallb-
HBIX TOYEK, KaXJasg U3 KOTOPhIX MOXKET B3aMMOJEHCTBOBATH C
m000i Apyroil CuiaMu, KOTOpbIE HAa3bIBalOT BHYTPEHHUMHU.
Kpowme Toro, Ha MarepuanbHble TOYKH CUCTEMBI MOTYT JI€HCTBO-
BaTh CHJIBI CO CTOPOHBI TEJI, HEe BXOASIIUX B PaCCMaTPUBAEMYIO
CUCTeMy. OJTH CHJIbl HA3bIBAIOT BHEIIHMMH. 3aKOH JBUKCHUS
1t k-0 MaTepuanbHON TOUYKU IPUHUMAET BU/I:

d 6k 2(Buyrp) | (BHEm)
—=F +F ,
dt k k

e I_:]SBHYTP) — pe3yNbTHPYIONIAs BCEX BHYTPEHHUX CHII, JEH-

. (new)
CTBYIOIIMX Ha k-yro MarepuansHyio Touky; F — pe3yabpTH-

pyrolas Bcex BHEIIHMX CHJI, JeMCTBYIOUIMX Ha k-yio marepu-
AJbHYIO TOUKY.

B pesynbrare CyMMHpOBaHUS 10 BCEM MAaTe€pUaIbHBIM
TOYKAM IOJTYUYHM:

4 d_) L =(BHEII
Zﬂ:kz_‘i (muem). (5.5)

ka dt
B (5.5) yuteno, 4To B COOTBETCTBUHU C TPETHUM 3aKOHOM
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n
Herotona éBHyTp) =0. Onepauun guddepeHIUpPOBaHUS U
k=1

CYMMHUPOBaHHS MOXKHO IMOMEHSATH MECTaMH, MOATOMY JIEBYIO
4yacTh ypaBHEeHHU (5.5) MOXKHO 3amucarh B BUJE

n n
e P= Zﬁk = kavk — Ha3BIBAIOT MMIOYJIBCOM MEXaHWYe-
k=1 k=1

ckoii cucteMsl. [IpaByto yacTe ypaBHeHUs (5.5) 0003HaYUM Kak:

En ( ) _ F

BHECII

k BHCIII .
k=1

Toraa u3z (5.5) mony4yaem ypaBHEHUE JIBHYKCHHS CUCTEMBbI

MaT€pHaJIbHBIX TOYCK:

E __ [CBHEII
dt

TO €CTb CKOpOCHMIb USMEHEHUA UMnyibca MEXAHUYUECKOIl CU-

, (5.6)

cmembl pagHa 6eKMOPHOIl CyMMe 6HeULHUX CUl, OClCHEYIo-
WX HA MamepuaIbHble MOYKU, COCMAEAIOWUE CUCIEMY .

BekropHomy ypaBHeHHIO (5.6) COOTBETCTBYIOT TPH CKa-
JSIPHBIX YPaBHEHUS:

dP,

=X FBHeI.LI;
dt  ~*

d& — BHEII .
d Y

di — FZBHCIII
dt
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5.3. LlenTp Macc MeXaHMY€ECKOIl CHCTEMBI.
YpaBHeHue IBU:KEHUS IIEHTPa Mace

s ynpomieHus: onucaHusi JBUKEHUS CUCTEMBI TOJIb3Y-
I0TCSl 3aKOHAMH, MO3BOJISIFOIIMMHU CYIUTh O €€ IBUKEHUH B 1ie-
oM. IMEHHO ¢ 3TOM 11eIbI0 BBOAST MOHATHE LIEHTpa Macc (Uin
LIEHTPA UHEPLIUH).

Llenmpom macc cucmemul, cocmoawieil u3 n mamepu-
QIbHBIX MOYEK, HA3bI6AIOM 260MEeMPUUECKYIO MOUKY, PAOUyC-
6€KmMOp KOMOopoil onpeodensiemcs ciedylouium eblpaxiceHuem:

n
Z My T
L=l (5.7)
my
k=1

n
IIe ka =M — macca Bcell CUCTEMBL.
k=1

[Tocne muddepenumponanus Beipaxenus (5.7) mo Bpe-
MEHH TOJTyYaeM:

nim

—

N I
e V. = d_E — CKOPOCTh JBIMIKEHHUS IIEHTPA Macc.

[Tocie moBTOpHOTO AH(PGEPESHITUPOBAHUS C YIETOM
ypaBHeHus (5.6) OyzieM UMEeTb:

dv. =
M —<& = pBHe 5.8
pm (5.8)
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VYpaBuenue (5.8) Ha3bIBAIOT YPABHEHUEM JIBUXKECHHUSI 11EH-

Tpa MacC MEXAHNYECKON CUCTEMEI.

CornacHo 3TOMy YpaBHEHMIO LIEHTP MAacC MEXaHUYECKON

CHUCTEMBbI ABMXCTCA TaK, KaK IBUIaJIaCh OBl MaTt€puajJbHasjd TOYKa

C Maccoii, paBHOU Macce BCEl CUCTEMBI, IOJI JIECTBUEM BEKTOP-

HOM CYMMBI BHCIIIHUX CHJI, ﬂCﬁCTBVIOHlHX Ha BCC MarCpuaJIbHbIC

TOYKH, COCTABJIAOIMNEC CUCTCMY.

Takoii cmoco0 omnucaHue IBMXKEHUS CHUCTEMBI IpUMe-
HUM, €CJIM JIONyCTHMA MOTeps MHPOPMAIMH O ABMKCHHU OT-
ACJIbHBIX MAaTCPHUAJIbHBIX TOUCK CUCTCMBI.

5.4. JIBuskeHue Tesia ¢ nepeMeHHOi Maccoi

HmeeTcst MHOTO cilyyaeB, KOIzia Macca Tena U3MEHseTCs
B IMpOoUcCCe NBHUIKCHUA 3a CUéTt HCTIPCPBIBHOI'O OTACIICHHUA HIIN
MIPUCOEANHEHNST BELIECTBA (pakeTa, pPEAaKTHBHBIA CaMOJIET,
iatopma, Harpykaemasi Ha Xo#y, U T. 1.). PaccmoTpum onu-
CaHHUEC TAKOT'O ABUKCHUA IJIA MaTepHaHBHOﬁ TOYKHU, Ha3bIBas cé
JUISL KpaTKoCTH TesioM. [lycTh B HEKOTOPBII MOMEHT BPEMEHMU t

vV — CKOPOCTH T€JIa, M — €ro Macca, \70 — CKOpPOCTB OTACTIACMOTIO

WM IPUCOCANHACMOI'0 BEIICCTBA OTHOCHUTECIILHO pacCMaTprBa-

emoro tena, dm — npupaiienue Maccel Tena (dm Oepércs co 3Ha-

koM "+" B ciTydae mpucOeIUHEHHUs BEIIeCTBa U CO 3HAKoM "—" B

cllydae ero OoTienieHus). l3MeHeHue HWMITyJabca CHCTEMBI 3a

BpeMs dt (citygail oTaensieMoi Macchl) paBHO:

dP=P(t+dt)-P(t)=(m-dm)(V+dv)+dm(V,+V)—mv=
= —dmv+ mdv —dmdv +dmv, + dmv = madv + v, dm

nim
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dP dv _ dm
—=M—+V,—,
dt dt dt
. P -
OTCIOJIa C YYETOM TOI0, YTO a =F, o » AMEEM
mdv - dm _

dt BHEm E Vo-
O060011as ciry4an TPUCOSAMHECHUS U OTICIICHHUS MaCCHhI,
MOJTy4aeM:
mdv - dm _
dt = Phrew * Evo (59)
Ypasnenue osuscenus mena nepemennoii maccoi
(ypasnenue Meuiepckozo)
~ dm _
[Tocnennee crmaraemoe B ypaBHeHuu (5.9) R=—V,

dt

Ha3bIBAKOT peakmmmoﬁ cunoi. Ecnu Mmacca IMPpUCOCAUHACTCA,

m =
TO Ty >0 u R coBmamaer o HampasJIeHHIO C V, .

IIpn IEBHem =0, cupoeKkTHpOBaB Ha HANPABJICHUE JBHKE-
HUS, TONTy4uM 1u¢depeHnalbHOe YPaBHEHHUE C pa3/ielIstoy-
MHUCA IEPEMCHHBIMMU

dv dm dm _ dv

Y
=—V,——; = Inm+—=const
dt dt m %

0 VO

I[J'IH OIIPCACIICHUSA KOHCTAHTLI IIPUMEM, YTO IIPHU V = 0, m= mo ,

TOraa const =1In m0 N OKOHYATCJIbHO ITOJIYYUM:
m
v=v,In—=2 (5.10)
m

Dopmyna Luonkoeckozo
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3AJIAHUSA 11 AYIUTOPHOM Y JTOMAIITHEN
PABOTBI ITO PA3JIEJTY 5
"TAHAMUKA MATEPUAJIBHOM TOYKHA U
CHUCTEMBI MATEPUAJIBHBIX TOUEK"

5.1. Umnysbe Tena P; PpU3MEHMIICS IO AEHCTBHEM KOPOT-

KOro yaapa u CKOpoCThb T€Jia CTalla paBHOﬁ A E 3 ]

T N 2 1]

4 [N )
ny

B

ol

V, V3, KaK II0Ka3aHo Ha pUCyHKe. B kakom

o | A—

1

HaIpaBJICHUHM MOTJIA ICHCTBOBATh cuiia?
a)tompko 3 0)3,4 B)2,3,4 T1)TONBKO 1

5.2. Ha TeHHUCHBIN M54, KOTOPBIi JIETEN ¢ UMITYJILCOM Pj Pq,

Ha Kopotkoe Bpems At = 0,1 cAt = 0,1c moxgeit- — iwwe

CTBOBAJI OPBIB BETPpa ¢ MOCTOSHHOM critoi F = 40 :fﬁzﬁ
-

t

U HallpaBJICHUE YKa3aHbl Ha pUCyHKe). BennunHa umnynsca pi

EEEER

H, 1 MMITyIbC MsYa cTall paBHBIM P, P3 (MacmTad

pi= ... KT"M/C.
a)0,5 ©6)43+xr-m/c B)S5 xkr-m/cr) 8,5 Ommuoka!
Oxupanacs uugpa. 1) 3 KT *

M/c

HanpasneHue v
ABUWXEHUA

5.3. MarepuanpHas Touka M
JBIDKETCS 1Mo mapabonie (puc. 1) B
HalpaB/IeHUH, YKAa3aHHOM CTPEN-  puc.1 1 0ttt
kamu. ['paduk wn3MeHeHHS BenH-

YUHbI (MOAYyJs) €€ cKopoCTH IpuBeAEH Ha puc. 2. Ha puc. 1 no-
Ka3aHO MOJIOKEHUE TOUKH M B MOMEHT BPEMEHHU t1. YKaKUTE Ha
3TOM PUCYHKE HaIlpaBJIeHUE CUJIbI, JIeHCTBYOIEH Ha TOUKY M B

MOMEHT BpeMeEHH t1t;.
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a)l ©6)2 B3 4
5.4. MarepuanbHas Touka M ABUXKETCS

110 OKPY’KHOCTH O CKopocThio V V. Ha puc.

1 nokaszaH rpauk 3aBUCUMOCTHU MPOEKIUU
CKOPOCTH ViV Ha OpPT 1T, HalpaBlIeHHbI
BIONb ckopocTd VV. Ha puc. 2 ykakure
HallpaBJICHUE CWIbI, JEHUCTBYIOLIEH Ha
TOYKYy M B MOMEHT BPEMEHU 7.
ayl ©6)2 B3 n4
5.5. MarepuanbHasi Touka M CKOIB3UT 0€3 TpEeHUs 1o Tyaj-

Koi c(hepruecKoil TOBEPXHOCTH, COBEP- L

11as He3aTyXarollue KouebdaHus, U HaXxo- 2 "
-~

JUTCS B BEPXHEH TOYKE CBOEH TPAEKTO- 3 4

puH (CM. PUCYHOK). YKaXUTE HampasJie-
HUE CUJIbL, JEHUCTBYIOLIEH HA TOUKY M B 9TOM TOUKeE.
a)l ©0)2 B3 n4
5.6. mmynibc MaTepraibHOM TOUKH U3MEHSETCS TI0 3aKOHY
f)'=10t~_i'+3t2 ] Monyne cuibl, AEHCTBYIOIIEH Ha TOYKY B
MOMEHT BpeMeHH t =4 ¢, paBeH ... H.
a)34 06)26 B)22 12 nl75
5.7. Cuctema cocTtouT M3 TPEX YACTHUL, MacChl KOTOPBIX
m; =0,1 , my=0,2 1, m3 = 0,3 . [lepBas yacTuIa HaXOIUTCS B
Touke ¢ koopauHatami (1,2,0), Bropas — B Touke (0,2,1), TpeTbst
— B Touke (1,0,1) (koopaMHATHI JaHBI B CaHTUMETpax). Toraa yc
— KOOpJIMHATa EHTPa Macc, paBHa ... CM.
a)l ©06)2 B3 n4
5.8. Ha pucynke npuBenéH rpaguk 3aBUCUMOCTH CKOPOCTH
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Tena v ot BpeMeHnu t. Eciin Macca Tena 2 kr, To cuiia, 1eHCTBYIO-
1as Ha TeJo, paBHa ... H.

v, A
4,0
35
30
2,5
2,0
15
10
0,5

0 1 2 3 4 5 6tc
a)l 06)2 B)4/3 T)HeT NpaBUWILHOTO OTBETA
5.9. Bnonws ocu Ox HaBCTpedy ApyT ApYTry JBHKYTCS JBE Ya-

CTUIIBI C MaccaMyd mi=2 T, e W D CH 2
0 p_—y N X
m=6 I, WU CKOPOCTAMH m mg

v1=9 M/c, v2 = 3 M/c cooTBeTCTBEeHHO. [Ipoekiust ckopocTu 1eH-
Tpa Macc Ha ocb OX paBHa ... M/C.
a)0 06)45 B6 175
5.10. MarepuanbpHast TOUYKa JABIKETCS 110
KpUBOJIMHENWHON TpaekTopuu AB mop neit-
CTBHEM HEKOTOpOW CHIIbl. BO Bcex Toukax

Tpaektopuu V # 0. Kakue HarpaBiaeHus: CUITbI

HEBO3MOKHBI?
a)l23 0)1246 812 1)1,2456
1) BOBMOYKHBI BCE HAIPaBJICHUS
5.11. /IBmxeHne MaTepragbHON TOUKH 33/1aHO YPAaBHEHUSIMU
x = at’, y = Bt. Cuna, AeiicTByIOIas Ha MATEPHATBHYIO TOUKY ...

a) HU3MCHACTCA TOJBKO IO HAITPABJICHUTIO
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0) M3MEHSETCS TOJIBKO MO MOIYIIIO

B) U3MEHSIETCS U IO MOAYJIIO, ¥ IO HAIIPaBICHUIO

') HE U3MEHSETCS HU 110 MOJYJII0, HU TI0 HAIPABICHUIO

5.12. Teno maccoit m = 2 Kr ABUXKETCS MPSMOIMHEIHO 110 3a-
xony S(t) = A(1—e '), rne A =12 M, B =0,5 ¢c’!. Onpenenurs
MPOCKLUI0 JCHCTBYIONIEH CHJIbI HAa HaNpaBJICHUE JIBHXKCHUS

TE€Jla B MOMEHT BpEMEHHU t = 2 C.

Otser: — 2,21 H
5.13. Ha yactuiy maccoit 1 xr nefcTByeT cuia, 3aBUCsILas
B
F = —3
OT BPEMEHU IO 3aKOHY t° e B = 5 H-¢*. Haiitn MyTh,

IIPOMICHHBIN YaCTUILIEH 3a IEpBBIC IATh CEKyHA. HadanbHyro
CKOPOCTH NMPHUHSTH PaBHOM 2 M/C.
Ortser: 10,5 M

5.14. Yactuna ABMXKETCS B INIOCKOCTH TaK, YTO €€ MMITYJIbC
— Irg 4 - 2 o
3aBUCUT OT BPEMEHU I10 3aKOHY p(t) =1-At"+ ]-Bt°. Haiitu

YTOJI MEX]Iy OChIO Y U BEKTOPOM CHJIbI, JE€HCTBYIOLIEH Ha ya-
CTHIly B MOMEHT BpeMeHu t = 2 ¢, eciu A = 0,5 kr-m/c,
B =4 xr-m/c.
OtBer: 45°
5.15. He6Gonpmol mapuk Maccbl m = 1 Kr JIETUT CO CKOpO-
CThIO Vi = 5 M/c mox yriiom o = 30° k ro- 7, v,
PH30HTANBHOH TIockocTH. Ilocrme He- O\ !

YIPYTOTo yIapa OH OTCKaKHBAET CO CKO-
pocThio V2 = 4 M/c ox yrioM 3 = 45° x mmockoctu. Bpems co-
yaapenus T = 0,2 c¢. Haiitu Moaynbs cpenHel CHIIbI TPEHUs Iia-
pHIKa O IIIOCKOCTh, CHCTBOBABIICH BO BpeMs yaapa.
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Orser: 7,5 H
5.16. HeOounp1oii mapuk Maccsl m = 1 KI JIETUT CO CKOPO-

CTBIO Vi = 5 M/c mox yriiom o = 30° K ro-

pU30HTaIbHOU IIOCKOCTH. Ilocne He- Oﬁ O}' v
A

YOPYTOro yjapa OH OTCKaKHUBAaeT CO CKO- e
R L

pOoCThIO V2 = 4 M/c o yriioM 3 = 45° k
mockoct. Bpems coynapenust T = 0,2 c. Ha ckoibko Momyiib
CpeiHel CUIIbl HOPMaJbHOM peakluu ONopbl, AeHCTBOBABLICH
BO BpeMsl yJapa, 00JbIle CUIIbI TSXKECTH?
OrtBer: 26,6 H
5.17. lapamroruct, Macca koToporo paBHa 80 Kr, coBepiIaeT
3aTSKHOM MPBDKOK. CunTasi, 4TO CHJIa CONMPOTHBICHUS BO3IYyXa
IPONOPIMOHANIbHA CKOPOCTH, ONPENIEINUTh, Yepe3 KaKoi mpome-
KYTOK BPEMEHHM CKOPOCTh [JBM)KEHHUS Mapalrotucra Oyaer
paBHa 0,9 oT ckopocTH ycTaHoBuBLIerocs AkeHus. Koaddu-
ueHT conpotusieHus r = 10 kr/c. HayanpHas ckopocTh napa-
LIIOTHCTA paBHA HYJIIO.
OtBert: 18,4 ¢
5.18. HauanbHas ckopocts mynu paBHa 800 m/c. ITpu nBuxke-
HUU B Bo3nyxe 3a BpeMsa 0,8 ¢ €€ CKOpOoCTh YMEHBIIMIACH 10
200 m/c. Macca nynu paBHa 10 r. Cunrtas cuily CONpOTUBICHUS
BO3/lyXa MPONOPLUOHAIBHON KBaJIpaTy CKOPOCTH, ONpPENEIUTD
K03((UIIMEHT CONPOTUBIIEHUS Bo31yXa. JlefcTBHEM CUIIbI Ts-
KeCTU IpeHeOpeyb.
Otser: 471076 =
M
5.19. Jlogka nox mapycom JIBH>KETCS IO 03€PY CO CKOPOCTBIO
Vo = 3 M/c. HaliTu ckOpOCTh OBMIKEHUS TOM JIOJKH Yepe3 JBe
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MUHYTBI [10CJI€ TOTO Kak OblI yOpaH mapyc, €Ciy COIpPOTUBIIE-
HUE BOABI JIBWKEHUIO JIOAKU MPONOPLHMOHAIBHO KBaJApaTy CKO-
poctu. Macca nogaxu m = 100 Kr, K03 PHUIHEHT CONMPOTUBICHUS
r=20,5 kr/™m.
Ortser: 1,07 M
c
5.20. Macca pakeTsl B HadaJIbHBII MOMEHT BPEMEHH ObLia
paBHa 0,3 kr. Pacxon roprouero 0,1 kr/c, cKOpoCTh IPOAYKTOB
cropanusi oTHocuTenbHO pakeTsl 200 M/c. [Ipenebperas compo-
THUBJICHUEM BO3/yXa U BHEIIHEM CHUJIOBBIM IOJIEM, ONIPENEIUTD,
3a KakoW MPOMEKYTOK BPEMEHU CKOPOCTh PAKEThl CTAHET paB-
Hoit 50 M/c.
Otger: 0,66 ¢
5.21. Pakera nepen ctaproMm umena maccy 120 kr. Kakyro cko-
pocTh OyzeT UMeTh pakera yepes 15 ¢ mocie Havyana padoThl eé
nsurareneit? Cuurarh pacxonx TOIUIMBA | = 4 KI/C M CKOPOCThb
MCTEUEHUS Ta30B OTHOCUTENBHO pakeThl u = 1000 M/c mocTosH-
HBIMU. 3a/1auy peluTh, IpeHeoperas mojieM TATOTeHUs 3eMIIH.
Otser: 693 =
c
5.22. Ha kpato cTosa JIeKUT BepEBKa Maccoi m = 1 Kr u uim-
Hoil { = 1 M. BepéBka ynepkuBaeTcs BHEUIHEW CUIION B I1OJIO-
KEHHH, KOT/1a OZIHA U3 €€ ITOJIOBUH CBELINBAETCS. 3aTEM BEPEBKY
OTIIyCKAalOT U OHA HAYMHAET COCKajb3bIBaTh. HailTu ckopocTh
BEpPEBKH B MOMEHT €€ oTpbIBa OT cTona. Koadduiuent tpenuns
p=0,1.

Otser: 2,69 2
C
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3ansaTusa 13 - 16
6. IMHAMMKA BPAIIIATEJIBHOT'O JIBUKEHUSI
TBEPIOI'O TEJA
6.1. MoMeHT MMIYJIbCa MATEePUATBbHOM TOYKH M1 MOMEHT
CWJIbI OTHOCHUTECJILHO LHEHTPA. YpaBHeHI/Ie MOMCHTOB
I[JISI JIUHAMHUYCCKOI'0O OIIMCAaHUuA ABUXCHUS MaTepI/IaJIb-
HOfI TOYKH U CUCTEM MaTepI/IaJIBHLIX TOYECK OTHOCUTCIIBHO HEC-
KOTOpOI‘O I.[CHTpa BBOJAT BCJIMYHMHBI, HA3bIBACMBIC MOMCHTOM
CUJIBI ©® MOMCHTOM I/IMHYJII)C&.
Momenmom cunvt OmMmHOCUMENBHO HEKOmMopo2co U€H-
mpa O Ha3vigaom eeKmMopHoe NPOU3BeOeHUE PAOUYC-6eKMOPA
MOUYKU RPUIOHCEHUA CUJIbl, npoeedé'rmozo u3 uenmpa 0, Ha

Iy cuiy:
M=[7.F].
Vuutssas, uto T =Xi +Yj+2K, a IE:FXT+ Fyi+ FZR, oJy-
qaeM:
i ] K
M=|x y z =T(yFZ—sz)+i(zFX—XFZ)+_k'(xFy—yFX).
FF, R

MoMeHTOM CcuJl, AEMCTBYIONIMX HA CUCTEMY, HA3bIBAIOT
BEKTOPHYI0O CyMMY MOMEHTOB
CWJI, TIPUJIOKEHHBIX K MaTepH-

AJIbHBIM TOYKaM CHCTEMBI. HpI/I

3TOM U MOMEHT CHJI, IEUCTBYIO-

X Ha CUCTEMY, U Ka)K)IBIﬁ u3

MOMEHTOB CHJI, JEHCTBYIOIIUX

Puc. 6.1
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Ha MaTepUalbHBIE TOYKH, COCTABJISIONINE CHUCTEMY, OIpeic-
JISIFOT OTHOCUTENBHO LeHTpa O:

M=> M, =Z[ri,Fi].
i i
Momenmom umnynvca mamepuanbhoii mouku A om-

Hocumenvno yenmpa O Ha3vigaom 6eKmMopHoe npou3sedeHue
paouyc-eekmopa mouku A Ha 6eKmMop eé umnynpca.

ik
_é=[?,f)'] WK (=|x y z
Px Py P,

MoMeHT uMIysabca CUCTEMbl MaTepUaNIbHbIX TOYEK OT-
HOCHUTEJIBHO HEKOTOpOro 1eHTpa O paBeH BEKTOPHOH CymMMe
MOMEHTOB MMITYJIbCa BCEX TOYEK CHUCTEMBbI, ONPEEIEHHBIX OT-

HOCHUTECJIBHOT'O TOI'O K€ LICHTpA:

BbisicHHM, Kakas MexaHWYeckas BeJIMYMHA OTBET-
CTBEHHa 3a H3MEHEHME MOMEHTa HMIIyJIbca MaTepUalbHOU
TOYKH B JAHHOM cucTeMe OTcuéTa, Jid 4ero npoauddepeHuu-
pPYeM I10 BpeMEHH BBIpKECHHUE JIJIsl MOMEHTA UMITYJIbCA!

d¢ d dar | |- dp

E—a[r'p]z E'p + r,a

—

dar _ - R
Bexkrop at =V H BEKTOp P =MV HaIpaBlIcHbl OJUHA-

dar .| _
KOBO, IOATOMY E,p =0.

YT-H/ITI)IBaSI, 4YTO B COOTBECTCTBHM CO BTOPBIM 3aKOHOM



HeroToHa dp = l_f, uMeeM ?,d—p :[?,ﬁ} — M. Torza nony-
dt dt

4gaeM, 4To
9w,
dt

Ypaenenue momenmoe ona mamepuanvnoit mouxku

(6.1)

6.2. JlnHaMuKa BpamaTeJJbHOT0 IBHKEHHSI
CHCTEMbI MATEPHAJIBHBIX TOYEK OTHOCUTEILHO IEHTPA
BrrsicHuMm, kakas (pu3ndeckasi BeIUYHHA ONPECIIIeT 13-
MEHEHHE MOMEHTA UMITYJIbCa CUCTEeMBI. J[J1s 3TOro HalaéM cKo-
POCTh U3MEHEHHUS BO BPEMEHH MOMEHTA HMnynLca CHUCTEMBI:

dl d
dt dtZ Z ’
dl;, - dd o . _
TaKKaKd—tIZMi,T m I\/I,rI[eM=ZMi

Ha gacTtunsl cucteMsl B 06H_[eM cjIydae HeﬁCTBYIOT KakK
BHYTPCHHUEC, TaK 1 BHCITHUC CUJIbI, IO3TOMY MOMCHT M paBCH

— —

CyMME MOMEHTOB BHYTpeHHUX M, . ¥ BHemwHNX M, cHIL.

N3 tperpero 3akona HeroToHa ciemyer, 4To CyMMAapHBIA MO-
MEHT BC€X BHYTPEHHUX CHJI OTHOCUTENBHO JII00O0H TOUKH paBeH
Hymo. Toraa

dl

Ez MBHem' (62)

9T0 YpaBHCHHUC HA3bIBAOT YPABHCHHUCM MOMCHTOB JJIA

CUCTEMbI MaTECpUAIBHBIX TOYCK:
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CKopocmp uzmenenus Mmomenma UMnyibca Mmexanuue-
CKOUl cucmembl, OnPedeéHHO20 OMHOCUMEIbHO HEKOMOPOUl
mouku O, pagHa MOMeHmMY HEUWIHUX CUTL, OCLICIMEYIOUUX HA
cucmemy, onpeoeiéHHOMY OMHOCUMETbHO MOl Hce MOYKU.

6.3. MomenT uHepuun. Teopema Il teiinepa. OcHoBHOe
yPaBHEHUE THHAMHMKH BPAIIATEIbHOI0 IBHKECHUA
TBEPAOro Te1a OTHOCUTEIBHO HEIOABHKHOM OCH

PaccmorpuM Bpamienue TBEPAOrO Tejla BOKPYI HEIO-
JBHKHON OCH. BBEIEM MOHATHS MOMEHTOB MMITYJIbCA U CHJIBI

OTHOCHUTCIIbHO OCH BpalllCHUA.

N
Momenmom cunet M, om-

HOCUmMENIbHO OCU 6pAULCHUA Z
Ha3ovléearom NPOEKUUIO HA Imy 0Cb
ROJIH020 MOMmMeHma cui, OeﬁCMGyIO-

Wux Ha meno, OnPeoeiIéHHo2o om-

HOCUMENbHO NPOU3BOTbHOL MOUKU
O oanmnoii ocu. Puc. 6.2

Momenmom umnyinbca mamepuaibHol MoYKu OmHo-
CUMENIbHO 0CU HA3bI6AIOM RPOEKUUI0 HA IMY O0Cb MOMEHmA
UMRYIbCA OAHHOU MAMEPUAIbHOU MOYKU, ONPEOeéHHO20
omHuocumenbHo npou3eoavHoi mouku O, nexcawieil Ha ocu
epauwenus (puc 6.2):

—

N
. N 2
(i =minv;sin| TV, [=mihv; =miiio,

rac mi riz — MOMCHT MHCPLUU 1-oi MaTCpHaHBHOﬁ TOYKH OTHO-

CUTENBHO OCH Z.
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Momenmom umnyjieca meia LZ OMHOCUMEIbHO OCU

epawienusn Z HA3b186AI0M NPOEKUUIO HA INY 0Cb NOJIHO20 MO-
MeHmMa UMRY1bCa mend, OnPedenéHHo20 OMHOCUMENbHO NPO-
u3zeo1bHou mouxku O oannoil ocu.

MoMeHT wuMMyJibca Tejla OTHOCUTEIBHO OCH pPaBeH

CyYMMC MOMCHTOB UMITYJIbCa BCCX 3JICMCHTOB mi TCJIa OTHOCHU-

TEJIbHO YTOM OCH.
2
LZ = Zfzi = OJZmI ri = ‘]Z(’O’
i i

rac ‘]Z :Zmiriz — MOMCHT MHCPUHUH TBépI[Ol"O TCJIa OTHOCHU-
i

TEJILHO OCH Z (IIpU TUCKPETHOM PACIpPEICICHUH MacChl TEa).
Ecnu pacnpenenenne Maccel 331at0T yKa3aHUEM IUIOTHO-
CTH KaK HENpepbIBHON (PYyHKIMU KOOpJAUHAT, MOMEHT HUHEPLIMU

MOKET OBITh paCCYMTAH 1O GOopMyJIE:
J, = j r’dm = jprzdv ,

rae dm u dV — Macca 1 00bEM DiIEMEHTA Tejla, HAXOIAIIErocs
Ha PacCTOSIHUU T OT OCH BpaIlleHHs], p — TUIOTHOCTH Teja B JIaH-
HOW TOYKE.

PaccmoTpuM MOMEHTBI UHEPITUU OJTHOPOIHBIX TEI MPO-
CTOH TeoMeTpUYECKON POpMBI.

MoMeHT UHEePIHH TrcKa Maccoi M u paauycom R oTHO-

CUTENBbHO OCH, IEPIIEHIUKYISIPHON K
C by , 1IE€p Y. Ij
= IJTOCKOCTH JUCKA U MPOXOSIICH yepes3
| EE l €ro IEHTP Macc, PaBeH:
mR?
J= .

2
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MOMEHT MHEPLHUU TOHKOI'O KOJIbLIa Maccoll M u paauy-
coM R oTHOCUTENBHO OCH, TEPIEHIM-
1>

KyJISIPHOM K IUIOCKOCTH KOJIBIA U TIPO-
< ¢ "@ XOJIAI1IEeH Yepe3 ero LEHTP Mace, PaBeH:

J=mR?,
MomMeHT mHEpHIUU TOHKOIO
1S HHep s
CTEp>KHsI Macco M u juymmHou L oT-
C

HOCHUTEJIBHO OCH, NEPIEHIUKYIISAP-

A
y

HON CTEP/KHIO U IPOXOIAIIEH 4Ye-
pe3 ero LEeHTp Macc, paBeH.
_m(?
12
MoMeHT uHepuuHu IIapa Macco M u
panuycoM R OTHOCHTENIBHO OCH, TPOXOASIIEH

4epes3 €ro LCHTpP MacC, paBEH.
2

J=mR?.
5 Z
BI)ILII/ICJ'ICHI/IG MOMCHTAa I/IHepIII/II/I
TBEPIOTO TeJIa OTHOCHTENLHO IPOU3BOJIb- tC

HOM OCH B HEKOTOPBIX CIIy4asX MOXHO

YIOPOCTUTH, BOCIOJIE30BABIIUCh TEOpe- d
moii llrelinepa: Puc. 6.3

Momenm unepyuu mena OmHoOCUmMEaAbHO RPOU3BOTILHOTL
ocu pagen MOMeHmy UHepYUU meia OMHOCUMeNbHOo 0cuU, na-
PannenvHoil 0aHHOU U NPOX0OAuLell Yepe3 yeHmp macc mend,
CLOHCEHHOMY C NPOU38E0EHUEM MACCHl meld HaA Keadpam pac-
cmosanus d mexcoy ocamu:
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J, =J.+md?.

MOMGHT I/IHepI_[I/II/I — BCJIIMUYMHA aJJIWUTUBHAA. 3T0 O3Ha-
4acT, 4TO €CJIU TCJIO COCTOUT U3 HECKOJIBKUX qaCTeﬁ, TO MOMCHT
WHEPLMU TeJa OTHOCUTEIBHO HEKOTOPOW OCH PABEH CyMME MO-
MCHTOB I/IHepI_II/II/I qaCTefI 9TOI'0 TCJ1a OTHOCUTCIIBHO TOI71 KEC OCH.

MomMeHT nHEPIIMU Tea ABIIETCI MEPOM €ro HHEPTHOCTH

IIpHU BpalliaTCJIAbHOM JIBHUXCHUMU.

B npoexumu Ha och BpameHus Z ypaBHEHUE MOMEHTOB
(6.2) 3anuchIBalOT B BUJIE:

dL,
— M BHCIIT 6.3
dt z ( )
VuursiBast, uto L, =J,®, ypaBuenue (6.3) 3anuiiem B Bue
d(J
40:0) _y,
dt

MowmeHT uHepuuu TBEPIOTOo Tena J; IpU ero BpalleHUH
BOKPYT HEMOJIBUYKHOU OCH Z HE U3MEHSETCS], CIEI0BaTENbHO Jz

MO>KHO BBIHCCTH 34 3HAK HpOI/ISBOI[HOI\/’I

do
J,—=M
Zdt Z
1501051
J,e=M,.

OcHosnoe ypasnenue OUHAMUKU 6DAULAMETLHOZ0 OBUNCEHUA
meépoozo mena
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3AJIAHUSA IS AYAMTOPHOM U JOMAIIIHEN
PABOTHBI ITO PA3JIEJTY 6
"ITAHAMWUKA BPAIIIATEJIBHOI'O JJBUKEHUSI
TBEPIOI'O TEJIA"

6.1. /luck paBHOMEpPHO BpallaeTcs BOKPYI BEPTUKAIbHOMN
OCH B HAIPaBJICHHUH, yYKa3aHHOM
Ha pUCYHKe Oemnoii crtpenkoi. B
HEKOTOPBHIE MOMEHT BpPEMEHH K

obomy nucka OblIa MPUIOKEHA

CHJIa, HallpaBJIeHHAsI 110 KacaTelb-

Hoii. [Ipu 3TOM TpaBUIBHO 0TOO-

pakaeT HalpaBJICHUE YIIIOBOTO YCKOPEHUS TUCKA BEKTOP ... .
ayl ©0)2 B3 14

6.2. JTick MOXKET BpalaTbCsi BOKPYT Fy

"

OCH, TEPIECHANKYJIIPHOU IUIOCKOCTH
JIMCKa ¥ TTPOXOAIIEH Yepe3 €ro UEHTP.
B Touke A npuKiIagpIBarOT OJIHY U3 CHJ

-k, k., R, F, nexamux B mocko-

CTH JUCKa. BCpHBIM COOTHOIIICHUEM
MCXKAY MOMCHTAaMHU 3THUX CHUJI, OTHOCHU-
TEJIbHO PacCMaTpUBAaEMOM OCH, SIBJIS-
€TCA ... .

a)M1 =M2=M3,M4=O

0) M1 <My <M3 <My

B)M] >My>Msz, Ms=0

F)M] <Mz <Mz, Ms=0
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6.3. Jluck HauMHaeT Bpalatbcs BOKPYT L.
HETO/IBYKHON OCH C TIOCTOSTHHBIM YTJIOBBIM

0

YCKOpEHHUEM. 3aBUCUMOCTh MOMEHTa HM-

_\&
Ne

IIyJbCa JUCKa OT BPECMCHH MIPCACTABJICHA Ha

PUCYHKE JIMHHEH ... . t
a)A 6B BC 1D nmE
6.4. PaccmaTpuBaroTcs TpH Teja: JUCK, TOHKOCTEHHAs TpyOa
Y TOHKOCTEHHOE KOJIBII0, TPHUYEM MacChl M 1 paanychl R ux 60-
KOBBIX [TIOBEPXHOCTEN OIMHAKOBBI. BEpHBIM COOTHOILLIEHUEM IS
MOMEHTOB UHEPLIUU PACCMATPUBAEMBIX TEJI OTHOCUTENIBHO yKa-
3aHHBIX OCEH SABIACTCA ... .
1 2 f 3
Ouck Tpyda Konbuo
a) Is<Ji<l,  6)Ii<l=);  B)Ii<)i<)2 1) Ji=l<d:
6.5. MomeHT ummynbca Tejla OTHOCUTEIHHO HEMOJIBHKHON
OCH M3MEHsIeTcd M0 3aKoHy L = at, rie o — moCTOsIHHAs BEU-
yyHa. YKaXuTe rpa@uk, MpPaBUIBHO OTpPa)arolMi 3aBUCH-

MOCTH OT BPpEMCHU BCJIIMYMHBI MOMCHTA CHUJI, ﬂeﬁCTBYIOIHHX Ha

TECJII0.

a) MA 0) MI/ B) MV r) MI
q ! * ' * t
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6.6.  3aBucumocTb
YIJIOBOM CKOPOCTH Bpallaro-
LIErocsi Tela IMpesCTaBlIeHa
Ha pucyHKe. Bpamaromuii

MOMEHT, JEUCTBYIOLIMKA Ha

TCJI0, paBCH HYJIIO B MOMCHT

BPEMEHH ... .
a) tihuts 6) t1 B) t F) 13

6.7. CHapsi1 BBUISTEI M3 CTBOJIA IYIIKH C YIJIOBOM CKO-
pocteio ® = 100 ¢! mox yrmom o = 60° k ropu3oHTy. MOMEHT
MHEpPLUMHU CHapsiia OTHOCUTEIBHO €ro IPOJOJBHOM ocH
J = 10 xr-M?, paccTosHHe Mexay Konécamu mymku { = 2 M,
BpeMsl IBUKEHNS cHapsaa B crone t = 1072 ¢c. Cuiibl naBieHus
3eMJIH, JEHCTBYIOIIME Ha KOJIEca IMYIIKH BO BPEMs BBICTpEIa,
oTiIMyaroTes Ha ... KH.

a)50 6)35 B)25 1)l0

6.8. 13 xxecTu BeIpe3ay TpU OJJUHAKOBBIC JICTAIH B BUJIE
anunca. /Ie neranu paspesanu:
OJIHY — IOTOJIaM BJIOJIb OCH CHM-
METpPUH, a BTOPYIO — Ha YeThIpe
OJMHAKOBLIE YaCTH. 3aTeM Bce 4a-

CTH OTOJIBHHYJIM JAPYT OT ApyTa HA

OZIMHAKOBOE PACCTOSTHUE U paccTa-
BHJM  CHMMETPHUYHO  OTHOCH-
tenpHO ocu OO' (cMm. puc.). Beibepure npaBmiibHOE COOTHOIIIE-
HUE MEXJy MOMEHTAMH HHEPITUHU THX JIeTaJIeld OTHOCHTEIHHO
ocu OO'".

aA)Ji<h=Jz 0)Ji<h<lz Bli=h<)z nlhi>)h>J
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6.9. TBep/1b1it OIHOPOAHBIN TOHKUI JTUCK BPAIIA€TCsI OTHOCH-
TEJIbHO OCH, NEPIEHANKYJIIPHON €r0 MIIOCKOCTH U MPOXOISAILIEH
gyepes 1eHTp mace. [Ipu 3ToM Touka, nexamnias Ha OOKOBOH Mo-
BEPXHOCTH JMCKa, JBHKETCS C HOPMAaJbHBIM YCKOPEHHEM
an ~ t*. B 3TOM cilyuae MOMEHT CHJIbI, JIEHCTBYIOIMI HA IUCK
OTHOCHUTEJIBHO OCH BpAIIEHHUs, 3aBUCUT OT BPEMEHU IO 3aKOHY
M ~ t". 3HayeHue n paBHoO ... .

ayl 6)2 B3 14

6.10. TBepbIii OAHOPOIHBIN TOHKUN IUCK BpaIlaeTcsi OTHO-
CUTEJIbHO OCH, NMEPIEHIUKYISIPHON €ro MIOCKOCTH U MPOXOAs-
et yepes 1eHTp macc. [Ipu sTom Touka, nexarias Ha O0KOBOI
MIOBEPXHOCTHU JUCKA, JIBUKETCS C HOPMAaJbHBIM YCKOPEHHEM
an ~ t*. B 9TOM cllydae MOMEHT MMITyJIbCa JUCKA OTHOCUTEIHHO
OCH BpAIlleHHs 3aBHCHUT OT BPEMEHH T10 3aKoHy L ~ t*. 3nauenne
k paBHO ... .

a)l ©6)2 B3 n4

6.11. MoMeHT WHEPIIMU OJHOPOAHOTO TBEPJOTO TEja 3aBH-
CHT:

1) oT MOMEHTa IPUIIOKEHHBIX K TEJTy CHJI IPU 3aJJaHHOU OCH;

2) ot BbIOOpa OCH;

3) oT GpopMeI TeNA;

4) OT Macchl Tena;

5) OT yIJI0BOTO YCKOPEHUS Tela.

W3 nmpuBeneHHBIX YTBEp)KIEHUI HEOOXOOUMO BHIOpaTh BCe
MIpaBUJIbHBIE.

a)l,2us5 6)2,4us5 B)2,3u4 1)3,4uSs
6.12. B kakux ciy4asx CIpaBeJIMBO BBIPAXKEHUE IS MO-
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MEHTa UHEepUUHU J = mR?? Heobxoamumo BBIOpATh BCE MPABUJIIb-
HBIE OTBETBHI.

1) nns MarepuanabHOM TOYKHM MAccodl m, HaxXoIsllehcs Ha
paccrosiHuM R oT ocu BparieHus;

2) W1t OMHOPOAHOTO IIIapa Macco m U paguycoM R, mieHTp
Macc KOTOPOTO HaXOJUTCs HAa paccTOSIHUM R 10 ocu BpaileHus;

3) ISl TOHKOTO KOJIbIIa Maccoil m U paamycoMm R, ecim ock
MIPOXOIUT 4Yepe3 LEHTP MacC KONbIa MEePIEHIUKYISIPHO €ro
TJIOCKOCTH;

4) s TOHKOTO JMCKa Maccol m u paguycoMm R, ecim och
MIPOXOIUT Yepe3 LIEHTP MacC AUCKA MEPIEHAUKYISPHO €T0 IIT0C-
KOCTH.

a)lud 06)2u3 B)1u3d r)3u4d

6.13. OnHOpOaHBIN AMCK Maccod m U paauycoM R Bpamia-
€TCsl MO/ IEHCTBUEM MOCTOSSHHOTO MOMEHTA CUJI OTHOCUTEIHHO
OCH, TPOXOJSIIEN Yepe3 ero UeHTP MacC U MEePHEHANKYIIPHOU
IJIOCKOCTH JAMCKa. EciM nmpu HEM3MEHHOM MOMEHTE CHJI OCh
BpalIeHUs IEPEHECTH NapaIesIbHO Ha Kpail AUCKa, TO JIJIsl MO-
MEHTa UHEPLUHU J ¥ YIJIOBOTO YCKOPEHUS € IMCKA CIPABEIIUBbI
COOTHOIICHHUS ... .

a) J,>J;,e5<8 0)Jy>J,8,>¢
B) Jh,<Ji,e,<g; 1) Jy<d e >

6.14. HaiiTu MOMEHT MHEPLIMM PABHOCTOPOHHETO MPOBOJIOY-
HOTO TpeyroJibHUKa co cTopoHoi b = 0,5 M u maccoi, paBHO-
MEPHO pacupenesIEHHOMN M0 NEPUMETPY TPEYTOJIbHUKA U PAaBHOU
0,4 Kr, OTHOCUTEIBHO OCH, JEXKAIIEH B IJIOCKOCTH TPEYIrOjb-
HUKa U MIPOXOIAIIEH Yepe3 ero BEpIINHY MapauiebHO CTOPOHE,
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IIPOTHUBOIIOJIIOKHOM 3TOM BepiInHe. TONIUHON POBOJIOKH IIpe-
HeOpeyb.
Otset: 0,042 xr-m?
6.15. HaiiTu MOMEHT MHEpLIMU PABHOCTOPOHHETO ITPOBOJIOY-
HOTO TpPEYTroJIbHUKa co cTOpoHoit b = 0,5 M u Maccoii, paBHO-
MEpPHO pacHpeIerIEéHHOM 110 IEPUMETPY TPEYTOJIbHUKA U PABHOMN
0,4 KT, OTHOCUTEJIBHO OCH, IEPIIEHIUKYISIPHOMN INIOCKOCTU Tpe-
YTOJIBHUKA U IPOXOJAIIEH Yepe3 ero BepuHy. TONIMUHON IIPO-
BOJIOKU ITPEHEOPEYb.
Orser: 0,05 xr-m?
6.16. [luck pamuycom R = 0,5 M u tonmmmaoi h = 0,01 M u3-
TOTOBJIEH W3 Marepuala, INIOTHOCTh KOTOPOIO M3MEHSETCS C
PacCTOSTHUEM T OT OCH JIUCKa, IPOXOISIIEH Yepe3 ero reoMeTpu-
YECKUN LIEHTP NEPIEHIUKYIISIPHO IUIOCKOCTH JAUCKA, 110 3aKOHY
p=a+br+cr®, me a = 10° xo/mM’, b = 510° kr/m?,
¢ = 6:10° kr/M°. BbIUMCIUTE MOMEHT UHEPIUH JUCKA OTHOCH-
TEIbHO 3TON ocH. OTBET 3aUCaTh ¢ TOYHOCTHIO J0 JECATHIX.
Orser: 3,9 xr-m?
6.17. HaiiTu MOMEHT MHEPLUH TOHKOTO OJTHOPOJIHOTO JHCKA
OTHOCUTEIIBHO OCH, COBIIQJIAIOLICH C €ro auamerpom. Macca
nucka 0,3 kr, paguyc 0,4 m.
Orser: 0,012 kr-m?
6.18. YacTuie Maccoit m = 2 Kr coo0IieHa HayaibHas CKO-
pocTh Vo = 60 m/c, Hampas- vy
neHHas mox yriom o =30° k A
ropu3oHTy. Tpaekropus mo-

J€Ta 4YacTULBl JEXKUT B N

XY
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mockoctH Xy. [IpeneOperasi ConpoTUBIEHUEM BO3/1yXa, HAUTH
MOJlyJIb MOMEHTA CHJIbI, JIEUCTBYIOIIEH HA YaCTHILY, OTHOCH-

M
TEJNBHO TOYKKM OpOCaHus B MOMEHT Bpemenu t =2 ¢. §=9,8— .
C

OtseT: 2034,5 H'm
6.19. Yactune maccoi m = 3 kr cooOIleHa HayajIbHas CKO-
pocTh Vo =30 M/C mof yriom

o = 60° k ropuzonry. Tpaek- y v
N 0

TOpUsI MONETA YACTUIIBI Jie-

JKUT B IUIOCKOCTH Xy. lIpe- o

XY

HeOperasi CONPOTHUBICHUEM
BO3/1yXa, HanTH MOYyJlb MO-

MEHTa MMITYJIbCA YACTHI[BI OTHOCHTEILHO TOYKH OpOCaHMs B
M

MOMEHT BpeMeHUu t =2 C. § = 9,81—2.
c

2
KT -M
Ortsert: 882,9 ———
c
6.20. OgHopoanbli map Maccoil m = 0,2 Kr Bpamaercsi Bo-

KpYT OCH, IPOXOZSILEN Yepe3 €ro LEHTP Macc TaK, YTO Yol Io-
BOPOTa CO BPEMEHEM MEHSETCS 110 3aKOHY @ = at® +Bt+y, roe
o= 2 pan/c’, B=4 pan/c, y = 10 pan. HaiiTu MOMEHT CHJI OTHO-
CUTEJIEHO OCH BPALLEHUS, KOTOPBIN IEHCTBYET HA TEJIO B MOMEHT
BpemenH t = 10 ¢, ecim paanyc mapa R = 10 cm.
Orsert: 0,096 H'm
6.21. OnHOpOHBINM AUCK Maccoil 2 KT u paauycoM 0,5 M Bpa-
11aeTcsd OTHOCUTENBHO OCH Z, MEPHEHAUKYISPHONU IUIOCKOCTH



70

JIUCKa U TPOXOMSALIEH Yepe3 LIEHTP MAcC, MOA JCHCTBUEM MO-
MeHTa cunt M, = A £, e A = 5 xr-m%/c’. Haiitu yrioByto cko-
POCTh AMCKa Yepe3 2 ¢ Mocje Hayaja IBUKCHHUS.
Otgert: 80 pan/c
6.22. B HayanbHBII MOMEHT BPEMEHU Ha ITOKOMBIIUICS OJI-
HOPOJIHBINA TUCK MAacCOil 2 KI' U paInyCcOM 2 M, KOTOPBIM MOXKET
Bpalarhcs 6e3 TpeHUs BOKPYT HEMOABMKHOM OCH Z, TepHeH U~
KYJISIPHOM TUIOCKOCTH JUCKa W TPOXOMSIIEH 4Yepe3 €ro IEHTP
Macc, HaYMHAeT JAECUCTBOBATH MOMEHT CHJI, M3MEHSIOIINNICS CO

4
t

BpeMeHeM 1o 3akoHy M, =M, (—j , rme Mg, =3 Hwmg
T

T =5 c¢. OnpenenuTs CPpeaHIO BEIWYUHY YITIOBOM CKOPOCTH
JIMCKa 3a MHTepBaji BpeMeHu oT ti =1 cnot2 =4 c.

Otser: 0,055 pan/c

6.23. MoMeHT UMITyJIbCa YaCTUIIBI OTHOCUTEILHO HaYaJ1a OT-

cueTa MEHSETCS C TeYeHHEM BPeMeHH 110 3akoHy L = ia+ jbt?,

2 2
KI-M KT -M
rmea=12 ——,b=3 —5

C C

. Halitu MOMEHT CUIIbI, Jeii-

CTBYIOHIGI\/JI Ha 4aCcTuly, OTHOCUTCIIbHO Ha4Yajia KOOpANHAT B MO-

MEHT BPEMEHH, KOI/Ia Yrojl MeX/ay BEeKTOpaMH L u M craso-
BUTCS paBHBIM 45°.
Otert: 12 H'm

6.24. OnHOpPOOHBIM TOPU3OHTAIBHBIA JUCK  MAaccou
m; = 0,5 xr u paguycom 0,6 M MOXeT Bpamiarscsi 0e3 TpeHus
BOKpPYT HEIO/IBM>KHON
BEPTUKAJIIBHOM OCH, IIPO- -
XOJIsIIElt Yepes ero HEHTp.  m, QD\F}
Ha kpato ntucka 3akpenuinu m,
HEOOJIBIION Tpy3 Maccou
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m2 = 0,1 k. [lepBoHavanbHO AHUCK OKOMIICA. 3aTEM HUTh, HAMO-
TaHHYI0 Ha 000 MCKa, HAYMHAIOT TAHYTh B TOPU30HTAILHOM
HanpasieHuu ¢ cwiion F = 2 H. 3a kakoe BpeMms t TUCK TTOBep-
Hércs Ha yron ¢ = 2,4 pan?

OtseT: 0,71 ¢
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Sausatue 17 —- KOHTPOJIbBHASI PABOTA Ne2
IIpuMep KOHTPOJIBLHOTO 3aJaHUS

1. YacTuua qBUXKETCS B IJIOCKOCTH TaK, YTO €€ UMITYJIbC

3
3aBUCHT OT BPEMEHHU TIO 3aKOHy p(t)= i A£+ i B(E) , Te
T T

A, B — NOCTOSIHHBIE BEJIMYMHBL, |, | — €IUHUYHBIE OPTHI B JI€-

KapTOBOU cucTeMe KoopauHar. Haiitu Moyiib CHIIBI, IEHCTBYIO-
e Ha yacTtuiy B MOMEHT BpeMeHu t = 1 ¢, ecnu t = 1 c.
A =1kr-m/c, B=1kr-wm/c.

2. JIBa oMHAKOBBIX AMCKa Maccoil m u paanycoM R kax-
JIbIH TIOJIO’KUJIM HA IUIOCKOCTh U IPUBAPUIIN
Ipyr K apyry. HailtTu MOMEHT uHEepIuu 1o- O
Jy4YHBIIEWCS JAETAIA OTHOCUTEIBHO OCH,
MIPOXOAAIIEH NEPIEHIUKYISIPHO ITIOCKOCTH JUCKOB Yepe3 TOUKY

O (cm. puc.). R=1M, m=1kr.

3. Teno BparaeTcsi BOKpYT 3aKpEIJIEHHON OCH C YIJIOBOM

0y Vo CKOPOCTBIO, 3aBUCUMOCTBE OT BPEMEHH KO-
O - TOpoii 3axaercs rpadpukoM. MOMEHT UHEp-

4 MU Telda OTHOCUTEIHHO OCH BPAICHHS

0 2 \, tc¢ paseH [. Ha ckoapko OTIIMYAOTCS MOAYIIH
L ' MOMEHTOB CHJI, ACHCTBYIOIINX Ha TEJIO B
MOMEHTHI BpeMeHu t; = 1 ¢ u t2 = 3 c.

®max = 1 Cil, I=1 Kl"‘M2
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4. MarepuanbHas Touka M aBmwkeTcs mo mapaboie

(puc.1) B HampaBiieHUH, yKa3aH- HanpasneHue

ABUXKEHUA

HOM cTpenkamiu. ['paduk u3mene-

HUS BEJIMYUHBI (MOAYJsl) €€ CKO-
Puc. "\t 1 0ttt

puc. 1 mokasaHo moJjio’)keHUE TOUKM M B MOMEHT BpeMeHH 1.

poctu mnpuBeaéH Ha puc. 2. Ha

VYKaxxuTe Ha 3TOM PUCYHKE HaIIpaBICHUE CHUJIbI, ACUCTBYIOLICH
Ha TOYKY M B 3TOT MOMEHT BpeMeHH tit;.
a)l 06)2 B3 n4

5. laiite onpenenenue noHsATus "neHtp uHepnuu'. Kax
HAWTH TOJIOKEHUE LIeHTpa uHepHuu? YeMy paBHa CKOPOCTh
IBUKEeHUs LeHTpa uHepuun? [lomyunTte ypaBHEHHE JBUKCHUS
LeHTpa uHepuuu. B 4ém oTim4dne 3Toro ypaBHeHHs OT TUHAMU-
YECKOTO YpaBHEHUS IBIKEHUS! CUCTEMbI MaTEPUATIbHBIX TOUEK?

6. Uto Taxkoe "MOMEHT UMITyJIbCa MAaTEPUATILHONU TOUKH"?
JlaiiTe onpeneneHre MOMEHTA CUJIbI, IEUCTBYIOIEH HAa MAaTEPU-
anbHyto Touky. [lomyuute ypaBHEeHHE MOMEHTOB JUIsl MaTepH-
aJlbHOHM TOYKH. 3alMIINTE, KAK OHO YUTACTCS.
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IIpumep 3a1aHNsA NPOMEKYTOUHOM ATTeCTALUN

1. qaCTHHa JABHXXCTCA TaK, YTO eé CKOPOCTB 3aBUCHUT OT BpECMCHHU

2
- I t
M0 3aKOHY V(t): 1-A—+ J-B(—j , tne A, B — nocrosiHHbIE

T T

BEJIMYMHBI, |, | — €AMHUYHBIC OPTHI B JICKAPTOBOW CHCTEME KO-

opauHat. YeMy cTaHET paBHA BETMYMHA TIOJTHOTO YCKOPCHHS Ya-
cTuibl B MOMEHT Bpemenu t=1 c, ectm t=1 c. 4 = 3 m/c,
B=5w/c.

a) 8,4m/c’> 6)10,4m/c* B) 12,4m/c? 1) 14.4m/c® 1) 16,4m/c?
2. YacTuia Hayana CBOE JBM)KCHHE M3 Hayajga KOOPJIUHAT C

Ha4aJIbHOI CKOPOCTBIO Vy =—]-A U ¢ yCKOpEHHEM, KOTOpoe 3a-

BHCHT OT BpeMeHH 110 3akony a(t)=1i-B—, rne A, B — nocro-

A |~

sIHHAs BENMYMHA, |, ] — ©IMHUYHBIE OPTHI B JEKAPTOBOW CH-
creMe KoopauHaT. KakoB MOIyIIb CKOPOCTH YacTHUIBI B MOMEHT
Bpemenn t=1 c, ecmu 1=1 c? A =2 wm/c, B=3 m/c’.
a)1,5m/c 6)2,0m/c B)2,5M/c 1)3,0M/c n)3,5wm/c
3. CkopoCTh 4YacTUIbl HM3MEHSETCSI BO BPEMEHHM IO 3aKOHY
V=>5t-i+12t- j YeMy paBHA BeIMYMHA TAHTCHIMAIBHOTO
YCKOPEHUS YacTHUIIBI B MOMEHT BpeMeHH ¢ = 1 ¢?
a)26 M/c>  6) 13 M/c® B) 17 M/c® 1) 34 m/c?

4. YacTuia IBHKETCS BIOIb OKPYXHOCTH C paJuyCOM 1 M B co-

OTBETCTBUH C ypaBHeHreM Q(t) = 2n(t2 -6t +12) , TIe @ —yron

B pajnaHax, t—Bpems B cekyHaax. B MomeHT t =3 C BenmunHa
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TaHI'€HLIMAJIBHOIO (KacaTelbHOIO K TPaeKTOPUH) YCKOPEHMSI Ya-

CTHIIBI (B M/ ¢?), paBHa ... .

a)0 0)4n B)O6RM 1)2m
S. Yactuna U3 COCTOSIHMSA IIOKOsI Hadaja JBUraTbCsA 10 Jyre
OKpYXKHOCTH panuyca R =1 M Tak, 4To yroy moBOpOoTa 3aBUCUT

6
OT BPEMEHU II0 3aKOHY (p:A.(?j . Haiitn TanreHuuaibHoe

YCKOpPEHHE YacThIbl depe3 Bpemss t=1c, ecim t=1 c.
A =2 pan.
a) 20 m/c> 6) 40 M/c? B) 60 M/c? 1) 80 M/c® 1) 90 m/c?

6. HeGonb1moii mapyuk Macchl m JETHT CO CKOPOCTBIO V; MOJ

ymioM o =30° K TOPU30HTAIBHOM MJIOCKO-

g 3
2 cru. Ilocne Heynpyroro ynapa oH OTCKa-
o/~ N B

KHUBAaC€T CO CKOPOCTBIO V2 noa yriom

B =60° k muiockocTH. Bpems coynapenus t. Haittu monyss cpen-
HEH CHITBI TPEHUS IapHKa o miockocts. V) = 10 m/c, V, =6 m/c,
1=0,01c,m=4xr

a)64H 06)164H B)264H 1)2264H 1) 1264 H

7. MarepuanpHas Touka M aBUXKeTCS IO
OKpY>KHOCTH cO ckopocThio V. Ha puc.l

nokazaH rpaduK 3aBUCHMOCTH TPOCKIIUU

0ty tp ts tg

CKOPOCTH V. Ha OpT T, HalpaBJICHHBIN

V. H 2 M1 T
BIOJL ckopocth V. Ha pwmc.2 ykaxute 4

HalpaBJ€HUE CUJIbI, JACHCTBYIOIIEH Ha Puc.2 ("3x 2

TOYKY M B MOMEHT BPEMEHH 13.
a)l 6)2 B3 n4
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8. /[Ba oqMHAKOBBIX IIapa Maccoll m U paaunycoM R KaKIbli

puBapuwiIM JIpyr K apyry. Kacarenbnas k

O mapy ock O NPOXOIUT NEPHEHAUKYISIPHO

JIMHUY, TIPOXOJAIIEH Yepe3 LEHTPHI II1apOB.

Haiitn MOMEHT MHEPLIMK IOy YMBLICICS 1€TAIM OTHOCUTEIILHO
ocu O.R=2 M, m=3 KL

a)130 kr-m?> 6)230 kr-m? B)330 kr-m? T1)430 kM 11)530 KM

9. U3 xectn BbIpE3aJld TPU OIAMHAKOBBIE JE€TalIW B BUIAC -

nuica. JIBe aetanu pazpesanu: OHy — II0I10JIaM BJIOJIb OCU CHM-

MCTPpUHU, 4 BTOPYIO — HA YCTBIPC OANHA-

[3 ﬁ D KOBBIEC YacTH. 3aTeM BCE YacTH OTOABHU-
j Q D HYJIX Jpyr OT Apyra Ha OAMHAKOBOC pac-
CTOAHHUC M paCCTaBUIU CHUMMCETPHUYHO

I I3
: otHocuTenbHO ocu OO' (M. puc.). Bei-

OepuTe MPaBUIBHOE COOTHOIICHUE MEXIY MOMEHTAaMH HHEp-

IIUM DTHUX JeTanell oTHocuTeabHo ocu OO0

a) li<l,=1; 0) l1<l,<l; B)li=lh<l; 1) li>1,>1;

10. Tonkast omHOpOAHAs MPSIMOYTOJIbHAS TUIACTHHA CO CTOPO-
a HamMu b ¥ a MOXeT Bpamiatbes 6e3 Tpe-

____ﬁC

Ppe3 HCHTP MaACC C. MomeHT HWHCPUHWH INTACTHUHBI OTHOCUTCIILHO

b HHA B BepTHKaHBHOﬁ IIJIOCKOCTHU BOKpPYT

l"OpPI3OHTELTIBHOI>i ocCHu, npoxomnueﬁ qe-

ocu C paseH /. K cepenuHe cTOpOHBI IUIACTUHBI IPUKIIEWIIN Ma-
JICHbKHUI TPy3UK MAcChl 71 U OTIIYCTHIIM 0e3 Toiuka. B Havasb-
HBIA MOMEHT CTOpPOHA IJIACTUHBI ObliIa BepTUKajabHa. Haliaure
YIJIOBOE YCKOPEHHUE MOMyYHBILEHCS (QUTYpbl B HAYAJIbHBIA MO-

MEHT BpeMeHU. m = 2 KT, [ = 3 Kr-MZ, b=4mM,a=6Mm.
a)2,86pam/c’ 6)3,86pan/c’ B)4,86pan/c’ 1)5,86pan/c’ m)6,86pan/c>



71

OTBETHI K TECTAM
Pa3znen 3
Ne 112(3]4a|5|6]7]8
3aJaHUsA
papuant r\r|B|0|0|0|0|O
oTBETa

Pa3nen 4
Moo lil2l3lals|e|7]8]o9
3aJaHus
BapHaHT
ala|lr|o6|(a|0|a|0|B
oTBETAa
Pasznen 5
Noolilalslalslel|7]s
3aJaHus
papuant a|ln|r|o6|/B|06|ala
oTBETa
Pazgen 6
Moo lilalslalslel7]s]o9
3aJaHus
papuant B|la|0|0|a|B|B|B|a
oTBETAa
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HNPUJIOKEHUSA
JECATUYHBIE ITPUCTABKHA

HaumenoBanue O06o03HaueHUE MHo:xkuTE b
3Kca C) 108
nera I 10"
Tepa T 10'2
rura r 10°
Mmera M 10°
KHUJIO K 10°
IeKTO r 10?
iexa na 10
nenu i 107!

CaHTH c 102
MHJUTA M 1073
MHUKPO MK 10°°
HaHO H 10°°
MTHKO il 10712
bemro i) 10713
aTTo a 10718
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HEKOTOPBIE CBEJAEHUS N3
3JIEMEHTAPHOM MATEMATHUKH

IIpaBuia geiicTBUA €O CTENEHAMU

a*-ay =a*") R &)

ay
ﬂ

X bx :(a.b)x (ax)y :ax.y r\]/a_m_
b b

[JE

ToxknecTBa COKPANIEHHOTO YMHOKEHUSI

KBapar aBy4iena (at b)2 =a’+2ab+b?
Ky6 nBydiena (a+b)® =a®+3a%b+3ab? + b°
Pa3HOCTH KBapATOB a?-p?= (a—b)(a+b)

Pasnocth KyOOB a®-b’= (a - b) (a2 +ab+ b2)
Cymma Ky60B a®+b%= (a+ b)( —ab+ b2)

OcHoBHBIE cBOIICTBa JOorapugMoB
X
log, (xy) = log,x +log,y log, (;j = log,x —log,y

DopmyJibl KOPHEH KBAIPATHBIX YPaBHEHHH

ax’+bx+c=0 X2 +px+q=0

—b++/b%—4ac p p)
Xip==554l 5] —a

X = o
12 2a 2
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TeopeMa KocHUHYCOB
a® =c®+b*—2cb-cos o B \a

Teopema cuHycoB

a b ¢
sina sinf siny

3HayeHMs] TPUTOHOMETPHYECKUX (PYHKIIUI
HEKOTOPBIX YIVIOB

a,’ 0° 30° 45° 60° 90° 180°
o | = | = | = | =
% paa 6 4 3 2 g
1
sin o 0 = ﬁ ﬁ 1 0
2 2 2
1
CcoSs o 1 ﬁ Q = 0 -1
2 2 2
tg a 0 ? 1 Jé 00 0
3
ctg a o0 \/§ 1 3 0 — o0

OCHOBHOE TPUTOHOMETPHYECKOE TOKAECTBO
sin o+ cos® o =1
Tpuronomerpuyeckue (pPyHKIUHM JBOWHOI0 apryMeHTa

sin 20 = 2-sin o°coSs o,
cos 20 = cos’ o — sin® o

JiimHa okpyxHocTH paauycom R (nmamerpom D)
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L=2nR =7nD
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I[nomans TpeyrojibHNKa

a C
g b @
2

H.]'IOIIIa)IB Tpanemm a
g_ath, /0
2 b

Ilnomaas noBepxHoctu cpepsnl paauycom R (xuamerpom D)

S = 47R? = 1D?

Ilnomans kpyra paguycom R (amamerpom D)

s_nr2 -0
4
O0Bém mapa pagnycom R (znamerpom D)
V= 4 nR3 = 1 nD3
3 6

O0bEéM MpsIMOro KPyrosoro mMuJInHApa Beicoroii H
¢ paauycoM ocHoBanus R

V =7R’H
O0BéM Kkonyca BoicoTol H ¢ paguycom ocHoBanus R

V=1aR?H
3
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T'PEYECKHWIA AJI®PABUAT
I'peueckan oykea | Pycckoe nazeanue Oyxewt

Aa anbda
Bp Oera
ry ramMmma
Ad JIeNbTa
E ¢ SICUJIOH
VS J3eTa
Hn aTa
00 TeTa
I nora
Kk Karra
A A mamMOa
Mp MIO
Nv HIO
EE KCH
Oo OMMKPOH
IIn 047t
Pp po
Yo cArMa
Tz Tay
Yo UIICUJIOH
(O N0 bu
X7 X1
Yy cu
Qo omera
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JJATUHCKHHA AJI®ABUT
Jlamunckasa oykea Pycckoe nazeanue oykent
Aa a
Bb 03
Cc i )
Dd i )
Ee e
Ff 3¢
Gg p )
Hh anr
I u
Jj KU
K k Ka
LI 3I1b
Mm M
N n SH
Oo 0
Pp i)
Qq Ky
Rr ap
Ss aC
Tt §KC)
Uu y
Vv Bd
Ww TyOITb-BD
X X HKC
Yy UTpeK
17 3eq




