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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.

-

- — g
Yro6bl HaiiTi BekTop C=a+b | Heobxomumo Bextop D
[IEPEHECTH MapajljIesIbHO CaMOMYy ceOe Tak, YTOObI €ero Hauajo

COBIIAJIO € KOHIIOM BEKTOPa & . ECIIM COEMHUTE Haqalio BEKTopa
—

d C KOHIIOM BEKTOpa b , MBI IOJIyYHM BEKTOp C .

o'l
ol
[=x

a =
a

- —
-

Pa3HocTh 1ByX BekTopos 0 =2—D moxHO mpencTaBuTh,
KaK pe3ylnbTaT CIOXKEHHs BEKTOpa & ¢
BEKTOPOM -b, PaBHBIM 110 MOJYJIIO BEK-

—

Topy D u mporuBomomoxmEIM emy mo

HampaBieHuto. UYtoObl HalTH BeKTOp

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

d . EcliM COeIMHUTh Hayaslo BEKTOpa & ¢ KOHI[OM BEKTOpa (—b),

—

MBI TomyunM Bektop J .

VMHOMkEHHME BEKTOpa & Ha CKaaip m aaéT BEKTOp, MO-
Jly/Ib KOTOPOTO B M a3 OTIMYAETCA OT MOy BEKTOpa a , M
KOTOPBIi HAIIPABIIEH B Ty %€ CTOPOHY, 4TO U & , eciiu m > 0, ¥ B

MMPOTHUBOIIOJIOKHYIO, €CJIM M <0.

N
CKaJIIpHBIM _NIPOU3BEACHUEM ABYX BCKTOPOB d u b

Ha3bIBAIOT YUCIIO (CKAJISIP) C, ONPEACIISIEMbIN BBIPAKEHUEM

c= |§| ‘B‘ oS o,

rac o — HanuMEHbBIINN Yo MCXKIY BEKTO-
—

pamu @ u b.
CUMBOJMYECKN CKaJIIPHOE IIPO-

HU3BCACHHUEC 3allMCBIBAOT OAHUM U3 CJIC-

JTYIOIIUX CIIOCOOOB:

c=3b I/IJII/ICZ(a,B).

N
BekTopHBEIM TIpOU3BEACHUEM ABYX BCKTOPOB d u b

HA3BIBAIOT BEKTOP C , MOYJIb KOTOPOTO PaBEH
|(_f| = |§| ‘b‘ sino,

TJIe oL — yron MexIy Bektopamu 4 u D . Bektop C meprenu-

KyJIpEH 1 BEKTOPY 4 , ¥ BeKTopy D , M HampapieH Tak, 4to eciu
CMOTPETh M3 €ro KOHIIa, TO NOBOPOT HA HAUMEHBIIUN yIOJI OT



TIEpPBOrO COMHOXKHTENA (BekTopa & ) Ko BTOpoMy (BekTopy D)
Oy/JIeT BUJIEH COBEPIIAIONINCS IPOTUB YaCOBON CTPEIKH.

CHMBOJIMYECKH BEKTOPHOE TTPOM3BECHHE 3aIUCHIBAIOT
OIHUM U3 CIIEIYIONIUX CIIOCOOOB:

€ =3xb wm 6:[5,6].
Onepanus neseHns BEKTopa Ha BEKTOP OTCYTCTBYET.
IIpoexnuus BEKTOpa Ha OCh PaBHA MPOU3BEACHUIO MOLYIIS
BCKTOpa Ha KOCI/IHyC yrﬂa MC)KI[y HaHpaBJICHI/ICM ocu nu HanpaB-
nenueM BekTopa. Hampumep, mpoekuus BekTopa V Ha 0Cb X
paBHa VX =V COSa , rIc o — yFOJ'I Me)I(I[y BGKTOPOM \7 nu

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

—

3HAUYaIOT KaKk i wuiu €y, eqUHUYHBIA BEKTOp, HANpPaBIECHHBIN

BJIOJIb OCH Y, 0003HAYAIOT KaK | WM €y . a eIMHUYHBIN BEKTOD,

—

HaHpaBJ’IeHHHﬁ BAOJIb OCH Z, 0003HaYaIOT KaK K WK eZ .

3Has IMPOCKIUU BCKTOpA é: Ha KOOPAWHATHLBIC OCH, €I'0
MOXXHO MPEACTAaBUTh B BUAC
d=a,i+ayj+ak.
YToOBI HAWTH MOAYJIb BCKTOpA, HAAO U3BJICHL KBaApar-
HBIN KOPCHBb U3 CYMMBI KBaJIpaTOB €TI0 HpOGKLIHfIZ

2 2 2
azﬂhx+ay+az.
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—

Ilpu croxenny BekTopos d+b=C, mie d=a,i+a, j+ak u
b=b,i+by,j+b,K, CKIaIBIBAIOTCS HX MPOCKIIHH:

¢=(a,+b,)i+(a,+b)j+(a, +b,)k.

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

Ecau 3aganbl IMPOCKIHNH Ha KOOPAUHATHBIC OCH BEKTOPOB
N

au b , CKaAJIPHOC ITPOU3BCACHUC 3TUX BEKTOPOB MOXKHO 3allu-

caTh B BHJIE:
c=a-b=a.b, +ayby +ab, .
BGKTOpHOC IMMPOU3BCACHUC 3THUX ABYX BEKTOPOB PABHO!:
= [a, B] = (ayb, —a,b,)7 — (@b, —a,b,) + (ayb, —a b, )k =
= (a,b, —a,b,)i +(a,b, —a.b,)j+(a,b, —a,b,)k.

Oty dopMyTy MOXKHO 3amucath B 0oJiee ya1o0HOM IJis 3aIoMu-
HaHMs (opMe ¢ TOMOIITBIO OTIPEISITUTENS:

i ]k
8:[3,5]: a, a, a,
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=xi+yj+zk.

3ausnrue 2.
1.2. OcHoBbI U GepeHunaTbHOr0 HCYHCTCHUS

OU3NUECKyI0 BEeIUYHHY, IPUHUMAIOLIYIO BCETa OHO U
TO K€ YHUCJIEHHOE 3Ha4Y€HUe, Ha3bIBalOT NocTogHHOW. Ecnu du-
3UYecKasi BeJIMYMHA MOXKET IPUHUMATh pa3IMyHble YHCICHHBIE
3HaueHUsl, €€ Ha3bIBAIOT IEPEMEHHOM.

M3meHeHne o1HOW MepeMEeHHOW BEJIMYMHBI MOXKET MpH-
BOJUTH K U3MEHEHUIO JIpyroil BenuuuHsbl. [lepemennyto y Ha3bl-
BalOT (hyHKyuell HE3aBUCUMOW TMEPEeMEHHOH (aprymeHTa) X,
€CJIM KaXXJIOMy 3HA4€HUIO X IO OINpeaesiEHHOMY 3aKOHY CTa-
BUTCSI B COOTBETCTBHE HEKOTOPOE 3HAUEHHUE NTEPEMEHHOH Y:

y=1(x).

Beeném nmonstue npeaena GyHKIuM B Touke. Yucmo A
Ha3bIBaIOT MpeaenioM GpyHkuu Yy =f(X) B Touke X = a, eclu Jyis

J1000T0 MOJOKUTEIBHOTO CKOJIb YTOHO MAJIOro Yucia € cylle-
CTBYET TaKO€ MOJIOXKUTEIbHOE YUCIO O =J(€), UTO IS BCEX X,

OTIIMYHBIX OT 4@ U YHOBJICTBOPAIOIMIUX HCPABCHCTBY |X—a| <d ,
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Oy/IeT BBINOJIHATHCSI HEPABEHCTBO |f (x) - A| < &. YTBepXKXIeHHE

0 TOM, YTO yHcio A siBisiercs npenenom ¢pynkuuu Yy = f(X) npu

X, CTpeMSIH_IeMYCSI K a, 3aIIMChIBAIOT B BU/C:
Gimf(x)=A.

X—a

ITycTtb X; M X, —HEKOTOPBIC 3HAUECHUS HE3aBUCUMOMU I1e-
pemenHo# X, a Y; =f(X;) u y, =f(X,) — coorBercTByrOLIHE
3HaueHus GpyHKIuH y. Torna BenmuuanHy AX = X, — X; Ha3bIBAIOT

NpUpalieHueM He3aBUCUMON nepeMEeHHOM (apryMeHTa), a BEJu-

quHy AY =Y, —Y; Ha3bIBalOT OpUpaneHrueM QyHKINH.

ITycts X; =X, a X, =X+ AX. B atom cinyuae npupaiie-

HUE paccMaTpruBaeMoi GpyHKIHUU OyAeT paBHO:
Ay =y(X+AX) = y(X) -

IIpenen, Kk KOTOPOMY CTPEMHUTCA OTHOLIECHHE IpUpalie-
HUS (PYHKIIMH K TPUPALIEHUIO HE3aBUCUMOU MEPEMEHHON TTPpH
CTPEMJICHHH K HYJIIO PUPAIICHUs HE3aBUCUMOW MMEPEMEHHOM,
HMEET ClelMalbHOE Ha3BaHUE: NPOU3B00HAs PYHKYUU, NIIH, CO-
Kpami€HHO, POCTO NPOU3BOOHASL:

fim YA =Y0) _ iy Y

AX—0 AX Ax—0 AX

y'=

[Tpupamnienne He3aBUCUMOW IEepeMEHHON 0003HayaroT
kak X ¥ HaspIBAIOT Ouhepenyuanrom apeymenma Xx. Jughgpe-
PpeHyuanom GyrKyuu Ha3bIBAIOT JHHEHHYIO OTHOCHTEIBHO AX
yacTh npupaieHus GpyHkuuu y(x). Auddepennuman Gpynkuuu y
o0o3HavaroT Kax dy .

MoOKHO TI0Ka3aTh, YTO
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_ im &Y _dy
A0 AX  dX

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

[TpousBoanas d_y — 9TO CKOPOCTh U3MEHEHHS (DYHKIHH
X

y IpY U3MEHEHUHU apryMEHTa X.

s HaXOXKIEHUS TMPOU3BOIHBIX HEOOXOMUMO, MPEXKIe
BCETr0, 3allOMHUTH TaOIUIly MPOU3BOIHBIX, KOTOpas B Ciydae
npocTedmux (GyHKIUI UMeeT BU:

Tabnuya npouseoonvix

1. i(C)=O, C =const 8. i(cosx)=—sinx
dx dx
i a)_,.ya1
> dx<X )—a X 9. i(tgx)= .
dx COS“ X
a — JIF000e YHCII0
d 1 d -1
3. —(I == 10.—(ctgx) =
dx(ogax) x 92 dx( %) sin® x
d 1 d : 1
4. —(I 11. —(arcsinx) =
- (Inx) == . ) =
d/ x X i — -1
5 d_x(a )_a Ina 12. OIX(arccosx) —
d/ x\_ _x d 1
6. d—(e )—e 13. (}l—)((arctgx)_“)(2
d
— 14. — (arcctgx) =
[ (sinx) =cosx dx(arcc gx) T2




B Goiee cliokHBIX ClIydasax 3aaada HaAXOXIACHUS IIPOU3-
BOJHBIX pCHIACTCA MOCIJIICAOBATCIIbHBIM ITPUMCHCHUEM IIPAaBHII,

MEPCUNCIICHHBIX HHUXKC!

a0 by => Y _adh0), dhe)

dx dx dx
rme a u b — const.;
y= @b = g_i _ dféf(x)fz(x)nl(x) dfé)((x) ;
=(00500) = o i [R5
)7=[f1(x)’?2(x)] :>j—z—[i—il"?2} I:ﬁ_?jzj|

Y= f,(x) dx 7 (%) ’
dy dy do

= => —_

y = y(o(x)) ix _ do dx

Ecnu npousBoanas ¢ynkuuu f — 3to nuddepenmupye-
Masi (PyHKIMS, TO MOXKHO HalTH MPOU3BOAHYIO U /Ui He€. [lo-
Jy4YEeHHYIO0 (DYHKIIMIO Ha3bIBAIOT BTOPOM MPOU3BOAHON (DYHKIIMU

d’f

f(x) u ob6o3HauarOT Kak ol Bropas npousBogHas — 3TO CKO-
X

POCTh U3MCHCHUA HpOH3BOI[HOfI (1)}/HKI_II/II/I. Eciu IpOnU3BOAHAA



™ XapaKTepu3yeT CKOPOCTh U3MEHEHHS QyHKIUH f(X), TO BTO-
X

past IIPOM3BOJIHAS XAPAKTEPU3YET CKOPOCTh M3MEHEHHS CKOPO-
CTH.
Ecnu ¢ynkunonanshas 3asucumocts Y =T(X) npen-

CTaBJieHa B BUJE rpaduka, TO TEOMETPUUECKUI CMBICIT MPOU3-
BOJHOW 3aKJIKO4aeTCss B TOM, YTO OHA paBHA TAHIEHCY YyIWa
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

MOCTPOCHUY rpadyKa BEIOpAaH OJMHAKOBBIA MacIITa0.

BbruncianB npoM3BOIHYIO, MOXXHO MPOBECTH aHAIU3
CBOMCTB COOTBETCTBYIOIIEH el pyHKIUY.

Ecnu ¢ poctom aprymenTta (QyHKIHsS pacT€T, TO YIIIbI
HaKJIOHA KacaTeJIbHOM K rpauKy 3TOH (QyHKIIMU OCTPHIE U TaH-
TeHC YIVIa HAaKJIOHA KacaTeJbHOW IOJIOXKHUTEIbHbIM, MO3TOMY
NPOU3BOHAS (PYHKIIMU TOTOKUTENbHA.

Takum o0Opa3om, eciii Ha HEKOTOPOM MHTEpBasle 3Haye-
HUIl apryMeHTa IpOM3BOJAHAs (YHKUUHU TMOJOKUTENbHA, 3TO
O3HAYaeT, 4TO B ATOM MHTEPBaJe 3HAUYCHUH apryMeHTa IpH ero
yBenuueHun QyHKIusS pactér. Ecnm npousBogHas oTpuna-
TeNbHA, TO (PYyHKIMS MPU POCTE 3HAYCHUH apryMeHTa yObIBaeT.
B Toukax MakcuMyMa 1 MMHHMYMa TaHT€HC yIyla HaKJIOHa Kaca-
TEJILHOM K OCH X paBeH HYIIO, 3HAUYUT B 3THX TOUKaX MPOU3BOI-
Has paBHa Hymro. J[pyruMu cioBamH, B TOYKaX MakCUMyMma H
MuHUMyMa QyHKIHH y = f(X), nponsBoanas ¢pyHkuuu f(x) paBHa
Hymo. B Toukax, rae GyHKIMsS AOCTHUraeT MakCUMyMa, BTOpas
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MMPOU3BOAHAA OTPHULATCIIbHA, 4 B TOUKAaX MUHUMYMa BTOpas po-

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 TOHATHUIO TIPOU3BOTHOM: V(t) = OO6parHas 3amava 3a-

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

dF(x o
Eciu # =f(x), ro F(X) nasbiBaroT nepsooOpasHoi
X
dynkuuei s npousBognoi ¢ynkuuu f(X). Ormernm, uro
dynxuus F(X) £ C, tae C — npousBoibHas KOHCTAHTA, TAKKE AB-

asercst nepBoobpasHoii mst pyrkiun (X) , mostomy moxHO

TOBOPUTH O ceMelcTBe mepBooOpasHbIX. CeMelncTBO nepBo00-

pasubix F(X)+C ¢ynxumu f(X) maseBaror neonpedenénnvim

unmezpanom ¢ynxyuu T(X) n 0603Hagar0T CUMBOIOM _[ f(x)dx

jf(x)dx - F(x)+C,

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

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

WHTETPUPOBAHUS.
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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;
o+l

J'd—X:In|x|+C;

X

X

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

Isin xdx = —CosX +C
Icosxdx =sinx+C;

J'tg xdx = —(n|cosx|+C;

_[ d); —tgx+C (X £~ +nm, rien=0,%1,..);
COS“ X 2

I _d)z( =—Ctgx+C (X=nm, roe n=0,%1,...);
SIN™ X

=arcsinx+C;

2
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dx
—:In‘x+\/x2+A‘+C.
J.\/x2+A

K 0cHOBHBIM M€TO1aM HHTETPUPOBAHMS OTHOCHT:
- HIHTETPUPOBAHKE 3aMEHOM IIEPEMEHHON;
- UHTETPUPOBAHMUE 110 YACTSIM.
B merone uHTErpHpoBaHUs 3aMEHOM NEPEMEHHOW IS

oTbickauus uHTerpana or ¢yukuuu f(X) Bomar ¢yHkmO
dx
X =X(t). Torma dx = Edt. dopMmysia 3aMeHbI IEPEMEHHOM 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-

1yt hopmyiy
J'udv= uv—jvdu.

1.3.2. Onpenenénnblii HHTErpas

3ajaiuM Ha OTpe3Ke [a,b] (a 1 b — KOHEYHBIC YKCIIa) He-
OTpHIIATENBHYIO HenpepbiBHyI0 Gynkuuio f(X) . Haiiném mio-
maar GUrypsl, OrpaHMUYEHHON OTpEe3KoM [a,b] Ha ocu X, mps-
MBIMH X = a U X = b u rpadurom kpusoii (X). D1y purypy

HAa3bIBAIOT KPUBOJMHEWHON Tpaneuuen.
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IIpoBeném pasOuenue otpeska [a,b] Ha n wacreii Tou-
KaMH a = Xg < X; <...<X, =b . BeiOepem Ha Kaka0M U3 MOy~
YEHHBIX OTPE3KOB [Xi_l, Xi] (1=1, ..., n) TpOU3BOJILHYIO TOUYKY
& €[Xi_1,X;] u, onpenenus 3HaueHus GyHKLUMU B ITUX TOUKAX
f(&;), cocraBum npousBenenus f(&;)AX;, Kaxa0e U3 KOTOPBIX
B IIEPBOM TIPUOIIMKEHUH PaBHO TIoinay nog kpusoit f(X) na

COOTBETCTBYIOIEM YydacTke AX;, rae AX;=X;,—X;. Torma

n
cymma S, = Zf (&)AX;, Ha3pIBaeMas MHTETPAIBbHON CyMMOI,
i=1
Oyzmer npuONMKEHHO paBHA IUIOIIAIM KPUBOJIMHEHHOW Tparie-
HH.

Yerpemum Bee AX; K Hymo. Eciii mpy 5TOM MHTErpaib-

Hasi CyMMa CTPEMHUTCS K MpeJielty, He 3aBUCSIIEMY OT CIIOCO00B

pa3bueHus u BeIOOpa Touek &;, TO ero Ha3bIBAOT 0Npe0eléHHbIM

unmezpanom ot Gynxuuu f(X) Ha orpeske [a,b] u 0603HauarOT

CHUMBOJIOM

b n
! fdx= XluArQ%;f(g)Axi.
N—o0



f(&)

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 IUIOoMIaau (GUTypbl, OTpaHUYEHHON rpadukom
a
¢ynkuuu y = f(X), 0CbI0 X U BEpTUKAISAMHU X = a U X = b:
b
S=[f(x)dx.
a

JIisi BBIMHCIICHUS OIPEISIEHHOTO HMHTErpaja HCIOJb-
3ytoT dopmyny Herorona-JleliOHuIla, Ha3pIBAEMYIO TaK)Xe OC-

HOBHOW (hOpMYJI0i HHTETPATBHOTO UCUUCIICHUS
b
[fdx =F(x)[ =F(b)-F(a),
a

rae f(x) — ¢yHkuus, HempepbiBHas Ha oTpeske [a,b], a F(x) —
OJTHA U3 TIEPBOOOPA3HBIX (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 CBS3BIBAIOT CHUCTEMY KOOpPJIMHAT
(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 TEJl BMECTO HUX PacCMaTPHUBAIOT JBUKE-
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 IBUKEHHUS
MaTepHAIbHOI TOYKH

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

— KUHEMAaTUYECKOE YpaBHEHHUE JIBHIKCHHSI B BEKTOPHOMU
dhopwme:

r=T7(t),

rie T — paanyc-BeKTOp MaTepUaIbHON TOUKU;
— KMHEMaTH4eCKUe ypaBHE-
HUS JBWOKCHHSI B KOOPIH-
HaTHOH (opme; B HEMo-
JIBUKHOM JIEKApTOBOW CH-
cTeMe  KOOpAMHAT  OHH

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

EcTtecTBeHHBII €nocoO oONMucaHus JBUKEHHUS IpUMeE-
HAIOT B TOM CJIy4ae, KOrja 3aaH0 YpaBHEHHE TPACKTOPUHU Ma-
TepraibHOM Touku. Ha TpaekTopun BEIOMparOT HaYaI0 OTCUéTa.
Paccrosinue, n3MepeHHOE BI0/Ib TPACKTOPUM OT Ha4alla OTCYETa
J10 TIOJI0KEHHUS, 3aHUMAeMOr0 MaTepPUAIIbHON TOUYKOU B HEKOTO-
PBIi MOMEHT BPEMEHH, HA3BIBAIOT MPONICHHBIM MYTEéM S (pHC.
3.1). Kunemarnueckoe ypaBHEHHE JBM)KEHUSI ITPU TaKOM CIIO-
co0e omucaHusl OpHU 3aJJaHHOM YPaBHEHUH TPAEKTOPUU OYyIeT

HUMCTHb BU!:
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S=5(1).
3.2. CKOpOCTh M YCKOPeHHEe MaTepHAJIbHOH TOYKH
CKODPOCTh — 3TO BEKTOPHAS BEJIMYMHA, KOTOPAsi XapaKTe-
pHu3yeT OBICTPOTY U3MEHEHHSI TIOJI0KECHHUSI MATEPUAIEHOM TOUKH
B MPOCTPAHCTBE M HAlpaBlicHUE ¢€ IBUKCHUS B KAXKIbIA MO-
MEHT BPEMECHHU:
V——Ein1égi::gfa
At—0 At dt
Paaunyc-BekTop MaTepraibHOM TOYKH MOYKHO 3aIicaTh B BUJIC
F=ix+jy+kz. (3.1)
Torna asst CKOPOCTH MOJTyYaeM:
dx-»+dy—j+dzl—(', (3.2)
dt dt dt

dx dy dz
TO €CTh Vy =——; V,, = =

==V, =—,
dt’ Y dt’ *  dt

MO,[[y.TIB CKOPOCTH MOXKCET OBITh TOoraa onpez[enéH KaK:

dx 2 dy 2 dz 2
V= || —| +| —=| +| —
dt dt dt
HpI/I CCTCCTBCHHOM CHOCO6C OIIUCaHUus ABUXKCHUSA

. AS dS
v=/,(Im—=—.
At—0 At dt

V=

C y4€ToM TOro, YTO CKOPOCTh HaIlpaBJ€Ha MO KacaTelb-
HOM K TPAEKTOPUH B Kaxa0H e€ Touke, Oy/1eM UMETh
dS
dt

re T — BEKTOp, MOIyJb KOTOPOrO PaBeH eIUHHIIE, U KOTOPBIH

V=

HaITpaBJICH I10 KacaTelIbHOM K TPACKTOPUHU B KaXXgoii e€ Touke.
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YckopeHue — 3To BEKTOpHas BEJIMYMHA, KOTOpas Xapak-
TEpU3yeT OBICTPOTY U3MEHEHUS] CKOPOCTH:

- AV dv
a=/(im—=—.
A0 At dt
C yuaérom (3.1) u (3.2) MOKHO 3amucaTh:
Lodv. o ~  d% = d¥v- d%z-
adeXi+ yj+dvzk WIH a=d§I+d¥j+d§k.
dt dt dt dt dt dt

Mopyinbe yCKOpeHUs: HalAEM U3 BBIPAKECHHUS:
2 2 2
. dv, . dv, N dv,
dt dt dt

2

HIJIN

d2x )’ d?y ? (d%
2 + 2 + 2
dt dt dt

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

d, , HAIPaBJIEHHOTO I10 KACATENbHOM

K TPAacKTOPUH JBUXKECHUS B JAHHOU

TOYKE, 1 HOPMAJILHOTO (LIEHTPOCTpE-
MUTETBHOTO) YCKOPEHHUS a,,

HAIIpaBJICHHOI'O IO HOPMAJIM K KacaTeJIbHOM K HCHTPY KpU-

BU3HBI TPACKTOPUHA B ,[[aHHOI>'I TOYKE:
a=a,+a,, (3.3)

2 2
a=.a:+a; .
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TaHreHIMaIbHOE YCKOPCHHE OIPENENSCTCS BBIPAXKe-
- dv,
HHEM &, = E‘L‘ , U3 KOTOPOT'O CJIEAYET, YTO MOJIYJIb TAaHI'CHIIH-
aJIbHOTO YCKOPEHUS XapaKTepU3yeT OBICTPOTY M3MEHEHHs Be-
dv - .
JUYHHBI CKOpocTH (8, = E)' Bektop T B Kaxmo0il TOuke Tpa-

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

HopmanbHOe yCKOpeHHME ONpeneiseTcs BBIPAKEHUEM
2
dp =En , rie R — paguyc KpuBHU3HBI TPaeKTOPUM B TOH €€

TOYKE, B KOTOPOM OIpeNesioT HOpMaIbHOE YCKopeHue. Bektop
N HampapjeH MO HOPMAJH K KacaTelbHOH K LEHTPY KPUBU3HEI
TPACKTOPUU B KXKJOW €€ TOUKe, a ero MOAYJIb PaBeH €IUHUIIE.
Moysib HOpMAJIBHOTO YCKOPEHHSI XapaKTepU3yeT OBICTPOTY U3-
MEHEHHSI HAIPABJIECHUS 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 TOYKU HET

0) B Ha4ase mogbpéMa B TOUKEe A

B) B TOUKE HauBbICIIEro nogbéma B

I') B TOUKE repexoza xonma Bo Bnaauny C
1) B CaMO¥ HU3KO#M TOYKe BIaguHBI D

e) B Touke E B KoHIle mogbema

3.2. Panuyc-BeKTOp 4acTUIIbI U3MEHSIETCS BO BpEMEHH 10 3a-
%

xony T=—2-1+3t"-j, me i u | — oprel LR
oceit Ox u Oy. B moment Bpemenn t = 1 c wa- |-+
CTHIA OKa3anach B Touke A. BuiGepure mpa- [N,

BUJIBHOC HaIpaBJICHUEC CKOPOCTH 4YaCTHLLI B

3TOT MOMEHT BPEMEHHU.
a)l ©6)2 B3 n4 nmSs

3.3. U3 TOYKH C pajauyCOM-BEKTOPOM ?6=18-T—81-]
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(1 m j —oprtsl oceit OX u Oy) Hayana cBOE IBM)KEHUE YaCTHUIIA.

E& cropocTh H3MeHsieTcst 1o 3aKkoHy V =2t3-i +9t?- j. Yepes

CKOJIBKO CEKYH/ YacTHIa nepecedér ocy Ox?
a) HuKoraa He nepecey€r ocb Ox  6)9c¢ B)3c T1)2¢

3.4. HauasnbHast CKOpPOCTh YacTHIlbl paBHa Vo =54-1—-16- |

Vo = 541-16], a yCKOpeHHE MEHSETCI BO  BpPEMEHHU

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

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

CKOPOCTh YaCTHIBI OKAXKETCS NapajienbHoii ocu Oy?

a)2c 0)3c B)27c r)HHKOrAa He OyAeT napamwienbHoi Oy
3.5. CKOpOCTb YaCTHIbl U3MEHAETCS BO BPEMEHH T10 3aKOHY

\7=5t~7+12t~] (? u ] — optel oceit OX u Oy)v = 5t-1+
12t -J. Yemy paBHa BeTMUMHA TAHTCHIIMAIBHOTO YCKOPCHHUS Ya-
CTHIIBI B MOMEHT BpeMeHH t; = 1 ¢t = 1c¢?
a) 26 m/c*m/c?  ©) 13 m/c*m/c?  B) 17 Mm/c*M/c? )34
m/c*Mm/c?
3.6. Eciu @, u &8, — TaHTeHIMaIbHAs U HOPMAJIBHAs COCTaB-

JSIOIUE YCKOPEHUS ABIKYIIEHCS MaTepruaIbHON TOUKH, TO CO-
OTHOIIEHHUS: ar = const, an = 0 cripaBeUIUBBI UIA ... .

a) paBHOMEPHOTO ABUKEHUS IO OKPYKHOCTU

0) IpSMOJIMHEWHOTO PABHOIEPEMEHHOTO JABMKEHUS

B) IPSIMOJIMHEWHOTO PAaBHOMEPHOTO JBUKECHHUS

') paBHOMEPHOT'O KPUBOJUHEHHOTO ABMKEHUS

3.7. MarepuanbHas Touka M cB0OOHO 6€3 TPEHUS CKOJIB3UT
B TOJ€ CHJIbl TSDKECTU MO IAJAKUM CTEHKaM
CUMMETPUYHON SIMBI U B paccMaTpUBaeMbIi 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.vy Ero tpaekropust B Iz

-
Yo

OAHOPOIHOM IIOJIC CHJIbI TAXKCCTHU H3o6pa— B D
A

’KeHa Ha pucyHke. COnpoTUBIIEHHUS BO3IyXa
HeT. Ha yuactke A-B-C ... .

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

0) MOyJIb HOPMAJILHOTO YCKOPEHUS YBEITMUYUBAETCS, MOAYJIb
TaHT€HIIMAJILHOTO YCKOPEHUS YMEHbILIAETCS

B) MOIYJM HOPMAJbHOIO M TaHT€HLMAJIbHOIO YCKOPEHHM
YBEJIMUYNBAIOTCS

I) MOAYJIM HOPMAJbHOTO M TAHTE€HUIUAJIbHOIO YCKOPEHMM
YMEHBILAIOTCS

3.10. Touka A nBMKETCS BAOJb CIMPAIM B HAaIIPaBICHUH,
YKa3aHHOM CTPEJIKOH, C MOCTOSHHOM MO BEJU-
YuHE CKOpOCThIO. [Ipn 3TOM BennunHa €€ no-

HOT'O YCKOPEHHMsI PH JABMKEeHUU K Touke O ... .

a) MOCTOSTHHA U PaBHA HYJIO
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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 H3MEHSAIOTCA 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-

menu paBeH Iy =(1+])-C, rne C = 8 M. CrrycTsi HEKOTOPBIi
p 0 Yy p

MMPOMEIKYTOK BPEMCHH MOAYJIb CKOPOCTHU YaCTULBI, KOTOPAA U3-

4
o omlat
Mensiercs 1o 3akony V=K| A——B| — | |, oka3zaics paBHBIM
T T

Hymr0. OnpenenuTs Ha KaKOM PACCTOSIHUM OT Hayayia KOOpAUHAT

OKa3zaJlaCh 4acTHIla B pacCMaTpUBAcMbIii MOMEHT BpPEMCHH,
ecmi A=16wm/c, B=2wm/c,t=2c.

Otser: 40,03 M

3.14. Paaunyc-BeKTOp Y4acTHUIIBI 3aBHCUT OT BPEMEHHU IO 3a-
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wony (=1 CG)S—BGT +;.D@1R.E@. 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 . Uepes CKOIBKO CEKyH] CKOPOCTh

JacTUIlpl OyleT HarpasiieHa mon yrioM 45° k ocu Ox, eciu
t=2¢,C=27Mm, D=8 M?

OtBeT: 1,3 ¢

3.16. YacTtuua Hayasia IBUKEHUE U3 TOUKHU C KOOpIMHATaAMU

X0 =2 M; yo =4 M; Zo = 6 M ¢ HyJIEBOW HauaJlbHON CKOPOCTHIO.

E€ ckopocTh  3aBHCHT OT BPEMEHH TI0  3aKOHY

v(t) = i-At* +] -Bt® + k- Ct2. Haittu paccTosTHUE OT Havyasia Ko-

OpAMHAT 10 TOUKH, B KOTOPOIl OKa3alach 4acTUIla uepes 5 ¢ mo-

cJle Hauasa ABMKeHus, ecn 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 ¢ yCKOpEeHHEM, KOTOpoe

3aBUCHT OT BpeMeHH 10 3axkony a(t)=i-Ct?+ j-Bt®. Haiitu
MOJTYJTb CKOPOCTH YaCTHI[I B MOMEHT BpeMeHH t = 4 ¢, eciu
A=2wm/c; C=3wm/c*; B=4wm/c>?

OrtBet: 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) = (TA+] B+R~C)(£j . 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 myTh, npoiiieHHbIM YyacTULEH
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 ABISA-
FOTCS TIOCTYIIATEJIbHOE JIBUKEHUE U €r0 BpalllEHUE BOKPYT He-
NOJBMXXHOM och. CIIOXkKHBIE BUKEHHUS TBEPJIOrO TEJIa MOXKHO
paccMaTpuBaTh KaK CYIEpPHO3UIINI0 (HAJOXKECHHUE) BpaIlaTelb-
HOT'0 Y MIOCTYNATEIbHOTO JBH)KCHUH.
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 CJIEyET, YTO JUIsl KHHEMAaTUYECKOr0 OMMCAHUS NIOCTyIa-
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 OIHUCHI-
BAIOT OKPYKHOCTH, JIEXKAIIHUE B IJIOCKOCTAX, MEPIEHANKYIIAP-
HBIX OCH BpAllleHUs, a 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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p=0(t).
BricTpOoTy M3MEHEHMs yria NMOBOPOTa XapPaKTEPU3YIOT
3aJaHUECM erIOBOfI CKOpOCTI/II

5=
dt
VYrioBas CKOpPOCTh TBEPAOTrO Tela ® OJMHAKOBA I
BCEX TOYEK TeJia. YTII0Bast CKOPOCTh MPEJICTABIIACT COOO0M aKCH-
aJII)HI)IfI BeKTOp, HC I/IMeIOHII/If/'I TOYKH HpI/IJIO)KeHI/IH, HaHpaBHCH-
HBIN BJIOJIb OCH BpAIIICHUS B CTOPOHY, CBSI3aHHYIO C HaIlpaBJic-
HUCM BpaHIeHI/IFI HpaBI/IJIOM HpaBOFO BHUHTA.
AKCHATBHEIN BEKTOp YITIOBOIO YCKOPEHHS € XapakTe-
pH3yeT OBICTPOTY M3MEHECHHUS BEKTOpa YIIIOBOW CKOPOCTH:
5 Ao do
e=(iIm—=—,
At—0 At dt
OH HampaBJieH BJIOJb OCH BpAILCHUS B Ty Y€ CTOPOHY,
YTO M YIJIOBasi CKOPOCTb, €CJIH JBH)KEHUE YCKOPEHHOE, U B TIPO-
THUBOIIOJIOXKHYFO — €CITH 3aMeIJICHHOE.

4.3. Cea3b MEKITY JMHEHHBbIMH U YIJIOBBIMH BCJIHYMHAMU

IIpexne BCero BeIABUM CBSA3b MEXAY JINHEWHOU U YIJIO-
BOU CKOPOCTSMH JABUKCHUS:
dr| Rd
v=|—|=—2=Ro
dt| dt
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Tak xax R =rsin® (puc. 4.1), To v =m-rsin0. B To xe

Bpems u3 puc. 4.1 cnemyer, uTo BekTOp V NEPIEHIMKYISAPEH
BEKTOpY @, M BeKTOpy I . COrnacHo onpeeieHHI0 BEKTOP, PaB-
HBI BEKTOPHOMY IIPOU3BEJICHUIO JBYX BEKTOPOB, IO BEIUYHHE
paBeH NMPOU3BEACHUIO UX MOJIYJIEH Ha CHHYC YTJIa MEX]Ly HUMU,
a MO HaIPaBJICHUIO MEPIEHIANKYIAPEH KaKIOMY U3 HUX. JTO
03HAa4yaeT, 4YTO BEKTOp JIMHEWHOU
CKOPOCTH HEKOTOPOW TOYKH TBEP-
JIOTO Tella PaBeH BEKTOPHOMY IPO-
W3BEICHUIO BEKTOpa YIJIOBOM CKO-
pPOCTH JIBHKEHHS Tella Ha pajuyc-

BEKTOp 3TOM TOouku. llopsimok 3a-
nu( Puc. 4.1 -eleit ompenensercs NpaBuioM MPaBoOro BUHTA.
VYuuThIBas 3T0, MOXKHO 3anmucath (cM. puc. 4.1):
V= [(73,? .
Moynb TaHTEHIIMAIBHOTO YCKOPEHUS MPEACTaBUM B
BUJIE:
dv d do .
a,=—=—(0R)=R—=¢R=¢-r-sin@
dt dt dt
WJIM B BEKTOPHOM (popme:
a, = [5,?],
rae T — paamyc-BeKTOp JaHHOM TOUKH.
JIy1st MOy sl HOPMAJTBHOTO YCKOPEHUS NMEEM

2 2p2
SR Y
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3AJIAHUSA 11 AYIUTOPHOM Y JTOMAIITHEN
PABOTBI 11O 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 5T u an — TaHTEeHIIMaJbHAs U HOpMaJbHas COCTaB-

JSIOLIUE YCKOPEHUS, TO Jii PaBHOMEPHOTO JBIKEHUS 10
OKPY>KHOCTH CIPaBEJIMBbI COOTHOIICHHUS ... .

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

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

4.3. BpamarensHoe OBUKEHHE Tela BOKPYT HETOJIBHUYKHOM
OCH ONHUCHIBAETCA ypaBHeHHEM @ = 2t — 4t> (¢ — B pajuaHax,
t — B cekyHJax). BpaiieHue HauuHAeTCs B MOMEHT BPEMEHU
t = 0. [TonoxxuTenbHbIe YIIIbI TOBOPOTA OTCUUTHIBAIOTCS 1O Ya-
coBoll cTpenke. B momeHnT Bpemenu t=0,5c¢ ... .

a) TeJIo MOBOPAYMBAETCs M0 YaCOBOU CTpEJIKE, YCKOPSAChH

0) TEI0 OCTAaHOBUJIOCH

B) T€JI0 OBOPAYMBAETCS 110 YACOBOM CTpENKe, 3aMeIIAsACh

I') TEJIO0 MOBOPAYMBAETCS IPOTUB YACOBOW CTPENIKH

4.4. Jluck KaTuTCsl pABHOMEPHO 110 TOPU30HTAILHON MMOBEPX-

_
HOCTH CO CKOPOCThIO V( 6€3 mpOoCKab3bl-

A

BaHus. BekTop ckopocTu B Touke A, exa- 1

et Ha O0KOBOI MOBEPXHOCTHU JAUCKA, OPH- 3 2
€HTUPOBAH B HAIIPABJICHUH ... .
a)l ©06)2 B3 n4
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4.5. YacTuna 1BUKETCS BJOJIb OKPYKHOCTH C paguycoM | 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 BEJIWYMHBI
HOPMAaJIbHBIX YCKOPEHHH TOUKU Ha KParo 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 G U BEKTOp yIIIOBOTO YCKOPEHHS € HANpPAaBJICHBI B OJHY
CTOpOHY?

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

B) B-Cu C-D 1) Bcerna HanpaBiieHbI B OIHY CTOPOHY

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

JIOBOM CKOpPOCTBIO, MPOEKIHS KOTOPOMH i s
0

MU3MEHSETCS BO BPEMEHHU, KaK MTOKa3aHO
Ha rpaduke. Ha kakoit yrom oTHOCH-

[

8 1_10_l

TCJIBHO Ha4YaJbHOI'O IIOJOXCHHA OKa- 2—-

1o
]
|
&
T
o)
—~
1)

XKeTcsl TOBEPHYTHIM Teno yepe3 10 ce-
KyHA?
a)12pan 0)16pan B)8pam Tr1)32pan
4.10. TBépmoe Teso u3 COCTOSHUS TT0-

KOsl HAYMHAeT BpallaThbcsi BOKPYT ocu Z ®z, pan/c? :

C YIJIOBBIM YCKOpPEHHUEM, MPOEKIHUs KO- z 1
TOPOTO M3MEHACTCA BO BPEMEHH, Kak ] 2446 i te
N0Ka3aHo Ha rpaduke. B kakoil MOMEHT e

BPEMEHU YIJIOBasi CKOPOCTh BPAILICHUS
TeJla JOCTUTHET MaKCUMAJIbHOU BEJIMUNHEL?
a)2c 06)3c B)5c 1)l0¢c
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4.11. Muck paguyca R Bpaiaercst BOKpyr
BEPTUKAJIBHONH OCH PABHOYCKOPEHHO C 3a-
JAHHBIM HAIlpaBJIEHMEM BEKTOpa YIJIOBOI'O
YCKOPEHHsT €. YKaKHUTEC HAIPABICHUE BEK-
TOpa JTMHEHHON cKopocTh V .

a)2 06)1 B4 13

4.12. MarepuanpHasi TOUKa JBHKETCS BIOJb IUIOCKOM KpH-
BOH, oOpasyromieil cunycouny y = sin(kx), y, A
e k = const (M. pUCYHOK) B HaIIpaBJICHHH H

BO3pAaCTaHUs KOOPAMHATHI X ¢ mocrosuuoit /| B\y 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 HENOABMXHOU 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 paw/c, B = 2,5 pan/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 BpamaeTcsi BOKpYT HEMoABMXHOU ocu. U3meHe-
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 Mmoxynb
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?’, e A =2 m/c?, B = 1,5 m/c’. Haiitu oTHOIICHNE
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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= Bt3, me B=6wm/c? as— npoiieHHbId yTh. Haiitu Mo-
MEHT BPEMEHH t, B KOTOPbIl TAHTE€HI[MAIBHOE YCKOPEHUE TOUKHU
a: = 9 M/c?. OTBET 3amMCcaTh ¢ TOYHOCTBIO 0 COTBIX.
Otsert: 0,25 ¢
4.21. Touka ABHKETCS 110 OKPY>KHOCTH TaK, YTO IPOXOIUMBIi
€10 MyTh 3aBUCHT OT BpPEMEHH IO 3aKOHy S= Bt®, e
B = 0,5 m/c’>. B MOMeHT BpeMeHH t = 2 ¢ IIOJIHOE yCKOpEHHUE
Touku Gyner paBHo 10 m/c?. HaiiTi 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 ypaBHECHHEM (p:At2 , e A = 0,1 pan/c’. Onpenenurs
MIOJIHOE YCKOPEHHE TOUKH Ha 00071€ AMCKa K KOHILy BTOPOH ce-
KYH/IBI TTOCJI€ HavaJla IBUKEHUS, €CJIN JTMHEIHAS CKOPOCTh 3TOM
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, IEPHEHANKYISIPHON TIIOCKO-
CTH JIUCKA U TIPOXOSIIEH Yepe3 ero reoMeTpUUeCKUil 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 F(t)=TA(£J +]B+RC(£) , TIe
T T

A, B, C — NOCTOSIHHBIE BEIMYMHBL, |, ], K — exuHnuHbI OpThI

B JICKapTOBOM cucTeme KoopauHar. Halinure Moxynb CKOPpOCTH

B MOMeHT BpemeHu t =1 ¢, ecnmu 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 paBHAa V, =161 —-6], a ycko-

pEeHHE MEHSETCsl BO BPEMEHHU IO 3aKOHY a = —6t2-i+4t> -k .
Yepes CKOIBKO CEKyH]I CKOPOCTh YAaCTHIIBI OKAXKETCS TIepIIeH /TN~
KyJisipHOU ocu OX?

a)1,33¢c 06)2c¢c B)4c

I') HUKOI/1a He OyaeT nepreHaukyaspaoi OX

3. Paauyc-BeKTOp YacTHIIbI U3MEHSETCS BO |7

BPEMEHH 110 3akoHy T =—21i +3t*- j. B Mo-

MEHT BpeMeHH t = | ¢ yacTuia okasajiach B
Touke A. BeiOepere npaBuiibHOE Hampasie- 1
HHUEC CKOPOCTH YaCTUIbI B OTOT MOMCHT BPC-
MEHH.

a)l ©6)2 B3 14 s

4. CKOpOCTh 4YaCTHIBI M3MEHSETCS BO BPEMEHHU IO 3aKOHY
V=>5t1+12t jv = 5t- 1+ 12t-]. UeMy paBHa BeIMYMHA TaH-

TEHIMANBHOTO YCKOPEHNs YacTHIGl B MOMEHT BpeMeHH th = 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 HayMHaAeT BpaIaThCs
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)24pam 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 TPOEKIIHU
CKOPOCTH V; OT BpeMeHH (T — eMHUYHBIIA BEKTOP MOJIOKHUTENb-

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

JICHUC ... .
Vet M

—

3
»

Puc. 1 ! P 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.

OnbBIT MOKa3bIBAE€T, YTO OJWHAKOBOE CHJIOBOE BO3JEH-
CTBHE, OKa3bIBAEMOE Ha Pa3HbIC TeJIa, IPUBOAUT K TOMY, YTO OHH
B 00111€M cityyae OyyT IBUraThCsl C Pa3IMUHBIMU YCKOPEHUSIMHU.
CnocoOGHOCTH Tea MpuoOpeTaTh ONpeaeIEHHOE YCKOPEHUE O
JICWCTBUEM CHJIBI HA3bIBAIOT MHEPTHOCTHIO. KonmmuecTBEHHOM
XapaKTePUCTUKOW WHEPTHOCTHU SBIIAECTCS BETUYMHA, 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 HbloToHa:

Cywiecmeyrom maxue cucmemvl Omcuéma, Ha3vlede-
Mble UHEPUUATIbHBIMU, O OMHOUIEHUIO K KOMODPbIM C80000-
HasA MamMepuaIbHaa MOYKA NOKOUMCA WU OBUIHCEMCA 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 ecTh peaIoIaraeTcsi, 4YTo COBOKYITHOCTh He-
i=1
CKOJIKUX CHJI, OJTHOBPEMEHHO JICHCTBYIOIIMX HA MaTepHajb-
HYIO TOUKY, BBI3bIBACT TOT K€ IPQEKT, UTO U JCUCTBHE OJHOM
cunbl F, paBHO# BekTopHO# cymme 3tux cui. Cuny F Haswbl-

—

BAIOT pe3yJIbTHpYIoIell cucremsl cui F;.
Ecim Macca wmarepuanpbHOW TOYKHM HE W3MEHSETCS
(m=const), To, Tak Kak P=mV , u3 (5.1) ciaenyer:

dv -

mE—F wm  F=mi. (5.2)
®opmyiy (5.2) MOKHO IPEACTABUTH B BUJIE:
m & F (5.3)
de2
HnJIN B HpOGKHI/IHX Ha KOOpI[I/IHaTHI)Ie ocu:
Ex oY e @z oy

m =F, . m—=
X1 ’ Z

dt? dt> 7 dt?
VYpaBuenue (5.3) u cucremy ypaBHeHUi (5.4) Ha3bIBAIOT
JMHAMUYECKUMHU _YPABHEHMSIMM _JIBM)KEHUS MaTepuaabHOU

TOYKH.
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B cooTtBeTcTBUH C TpeThbUM 3akoHOM HbroToHa:

B unepuyuanvnoit cucmeme omcuéma cunvl, ¢ 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

R =—Fii

5.2. YpaBHeHuUe IBUKEHHS CHCTEMbI MAaTePHAJIbHbBIX TOYEK

[TycTh MexaHnYecKasi CUCTEMa COCTOUT U3 N MaTepHallb-
HBIX TOYEK, KaX/as U3 KOTOPhIX MOXKET B3aMMOJEHCTBOBATH C
000N Jpyrol cuiiaMu, KOTOpPbIE HA3bIBAIOT BHYTPEHHUMH.
Kpowme Toro, Ha MarepuanbHble TOYKH CUCTEMBI MOTYT JI€HCTBO-
BaTh CHJIBI CO CTOPOHBI TEJI, HE BXOASIUX B pacCMaTPUBAEMYIO
CUCTEMY. OTH CWJIbl Ha3bIBalOT BHEIIHMMM. 3aKOH JBUKCHUS
11 k-0t MaTepuanbHON TOUKH IPUHUMAET BU/I:

m _ I‘:’IEBHyTp) i I‘:‘ISBHGLH) ,
dt

rae I_flgBHyTp) — pe3yNbTUPYIONIAs BCEX BHYTPEHHUX CHII, JEH-

. 2(puem)
CTBYIOIMX Ha k-yI0 MaTepHanbHy TOUKy; F — pe3ybTH-

pyromrad BCEX BHCIIHUX CHUII, HeﬁCTBYIOIHHX Ha k—yIO MaTtepu-
AJIBHYIO TOYKY.

B pe3yiibTaTe CYMMHPOBAHUSA MO BCCM MATCpUAJIbBHBIM
TOYKaM IMOJIYUYUM:

n n

d_‘ =(BHEWm
Z% 3R (5.5)
k=1

k=1
B (5.5) yuteHo, 4T0 B COOTBETCTBUHU C TPETHUM 3aKOHOM
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—

n
HeroTona ZF,EBHWP) =0. Onepaipn auddepeHIpoBaHUs 1
k=1

CYMMHPOBAaHUSI MOXHO IOMEHSTh MECTaMH, IO3TOMY JIEBYIO
4acTh ypaBHEHHUS (5.5) MOXKHO 3anucarb B BUIE

n n
e P= Zﬁk = kavk — Ha3bIBAIOT MMITYJIILCOM MeEXaHW4Ye-
k=1 k=1
ckoii cucteMsl. [IpaByto yacTe ypaBHeHUs (5.5) 0003HaYUM Kak:

il_:'IEBHeLH) — '_:'Bﬂeu_[ .
k=1

Torma u3 (5.5) mony4yaem ypaBHEHUE IBHYKCHUS CUCTEMBI

MaT€pHaJIbHBIX TOYCK:

E _ I_:'Bﬂem
dt

TO €CTb CKOpPOCHIb U3MEHEHUA UMn)jibca MeXaHUu4ecKkou cu-

(5.6)

2

cmembul pagHaA 6eKMOPHOI CYMME 6HEUIHUX CUl, 0elICHIEYIO-
WUX HA MAMePUaIbHble MOYKU, COCMAGNAIOUWUE CUCIEMY .
Bexropaomy ypaBHeHHIO (5.6) COOTBETCTBYIOT TpHU CKa-

JISIPHBIX YPaBHEHUS:

dpx_ BHEII .
R
dPy_ BHEIII .
at Y
di:FBHeLH
a
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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
rae m, = M — Macca BCEH CUCTEMBI.
k
k=1

[Tocne nuddepenuupoBanus Belpaxkenus (5.7) mo Bpe-
MEHH TOJTyYaeM:

nim

dr
dt

[Tocne moBTOpHOTO AM(PGEPESHITUPOBAHUS C YIETOM

e V, = —C — CKOpPOCTb JIBHKEHHS [IEHTPA MAcC.

ypaBHeHus (5.6) OyzieM UMETh:

dv. =
M —<& = FBre 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 MacCo, paBHOU Macce BCEU CUCTEMBI, IOJI IENCTBUEM BEKTOD-

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 ¢ nepeMeHHOoi 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 Xofy, 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 TCJIa, 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 (citydail oTaenseMoi Macchl) paBHO:

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

HIJIIN
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P dv _ dm
—=m—+V,—,
dt dt dt
i} P -
OTCIOZIa C YYETOM TOTO, YTO i F e » AMEEM
mdv - dm _
dt = BHeHI_E o*
O060011as cityyan TpUCOEAUHEHUS U OTIICICHUS MacChl,
MOJIy4YaeM:
mdv - dm _
—=Fuen T—V 5.9
dt BHCIII dt o ( )
Ypasnenue osuscenus mena nepemennoii maccoi
(ypasnenue Meuiepckozo)
= dm _
[Tocnennee cimaraemoe B ypaBHeHuu (5.9) R :EVO

Ha3bIBAKOT peakmmmoﬁ cunoin. Ecnu macca MMPpUCOCAUHACTCA,

m -
to — >0 1 R coBmanmaer no HampasneHuro ¢ V, .

IIpn IEBHem =0, cupoeKkTUpOBaB Ha HANPaBJICHUE ABUXKE-
HUs, ToTyyuM qudepeHnnanbHoe ypaBHEHUE C Pa3AeIIIOIH-
MHUCA ICPEMCHHBIMHU
dv dm_  dm dv Y
—=-V,—; —=—-— = Inm+—=const
dt dt m Vv, A

I[J'IH OIIPCACIICHUSA KOHCTAHTBI MPUMEM, UTO IIPHU V = 0, m= mo ,

Torma const =In M, X OKOHYATEIILHO MOJYYrM:
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. mnysbe Tena P; PpU3MEHMIICS TIOJ JAEHCTBUEM KOPOT-

KOT'O y/iapa U CKOPOCTb TeJla CTajia paBHOM ; L n

N A2 1
a [N B
I

B

ol

V, V3, KaK I0Ka3aHo 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 TEeHHHCHBIN M4, KOTODBIi JIETEN ¢ UMITYJILCOM Pj Pq,

Ha kopoTkoe Bpemst At = 0,1 cAt = 0,1c nonmeit- . Lirage

. . DEREE
CTBOBAJI ITIOPBIB BETPA C MOCTOSAHHOM cuiori F =40 | 1p ﬁ !
*H qTﬁ

H, 1 MMITyJIbC MsYa CTajl paBHBIM P, P3 (MacmTad

U HampaBJIeHUE yKa3aHbl HA pUCyHKe). BennunHa ummynsca pi

p1i= ... kr-m/c.
a)0,5 ©6)43+xr-m/c B)S5 xkr-m/cr) 8,5 Ommuoka!
O:xupanacs uugpa. 1) 3 KT *

M/c

HanpasneHue v
ABUWXEHUA

5.3. MarepuanpHas Touka M
JBIDKETCS 1Mo mapabonie (puc. 1) B
HalpaB/IeHUH, YKAa3aHHOM CTPEN- pyc1 1 0ttt
kamu. ['paduk wu3MeHeHHS BenH-

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

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

TI0 OKPY>KHOCTH €O CKOpocThio V V. Ha puc.

1 moka3aH rpadK 3aBHCUMOCTH TPOCKITUU
CKOPOCTH ViV; Ha OpPT T T, HaNpaBIeHHbI
i
BlIOJIb cKopocTH VV. Ha puc. 2 ykaxure
HAMpaBJICHUE CHUJIbI, JICUCTBYIOIEH Ha
TOUYKY M B MOMEHT BpEMEHU t7.
a)l 06)2 B3 n4
5.5. MarepuanpHast Touka M CKOJIB3HUT 0€3 TpEeHHUS 110 TJaj-

KOM cepruyeckoil MOBEPXHOCTH, COBEP- ]

1asi He3aTyxarolue KouedaHus, 1 HaXxo- 2 ¢
T

JUTCSL B BEpXHEU TOYKE CBOEH TpaeKTo- 3 4

puu (CM. PUCYHOK). YKa)XUTE HampaBlie-
HUE CUJIbL, JEHUCTBYIOUIEH Ha TOUKY M B 3TOI TOUKe.
ayl ©6)2 B3 n4
5.6. Imniynbc MaTrepranibHOM TOUKH U3MEHSETCS 1O 3aKOHY
filet-T+3t2 ] Monynb cumbl, IEUCTBYIOLIEW HA TOYKY B
MOMEHT BpemeHu t =4 ¢, paBeH ... H.
a)34 06)26 B)22 12 ml75
5.7. Cucrema cOCTOUT M3 TPEX YACTHUIl, MACCHI KOTOPBIX
m; =0,1 , mz=0,2 , m3 = 0,3 . [lepBas yacTua HaxoUTCS B
Touke ¢ koopauHatamu (1,2,0), Bropas — B Touke (0,2,1), TpeThbs
— B touke (1,0,1) (koopanHaTHI 1aHBl B caHTUMETpax). Toraa yc
— KOOp/IMHATA LIEHTPa Macc, paBHa ... CM.
ayl ©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,y
4,0
35
3,0
2,5
2,0
15
10
0,5

01 2 3 4 5 6te
a)l 06)2 B)4/3 T)HeT NpaBUWILHOTO OTBETA
5.9. Bnonws ocu Ox HaBCTpedy ApYyT APYry JBHKYTCS JBE Ya-

CTHI[BI C MaccaMH m;=2 T, T W S R
0 p—y -y X
m=6 I, WU CKOPOCTAMH m mg

v1=9 M/c, v2 = 3 M/c cooTBeTCTBEeHHO. [IpoeKiust ckopocTu 11eH-
Tpa Macc Ha ocb OX paBHa ... M/C.
a)0 06)45 B6 175
5.10. MarepuanbpHast TOUYKa JABIKETCS 110
KpUBOJIMHENHOM TpaekTopun 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. JIBmxeHne MaTepruagbHON TOUKHU 33/1aHO YPaBHEHUSIMU
x = at’, y = Bt. Cuna, AeiicTByIOIas Ha MATEPHATBHYIO TOUKY ...

a) HU3MCHACTCA TOJBKO IO HAITPABJICHUTIO



52

0) M3MEHSETCS TOJIBKO MO MOIYIIIO

B) U3MEHSETCS ¥ 110 MOIYIIIO, U TIO HAITPABICHUIO

T') HE U3MEHSETCS HU 110 MOAYJI0, HU 110 HAIPABICHHUIO

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
MPOCKIINIO JCHCTBYIOIICH CHUJIBI HA HAIPABIICHUE IBUKCHUS

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°  rne B = 5 H-c’. Haiitn nyTs,

MIPOMICHHBIA YacTUIleil 3a mepBble MATh CeKyHA. HauanbHyro
CKOpPOCTb IIPUHSATH PaBHOM 2 M/C.
Otser: 10,5 M

5.14. YacTtuna ABHXKETCS B IUNIOCKOCTH TaK, 4TO €€ MMITYIIbC
~ e 4 = 2 o
3aBUCUT OT BPEMEHHU IO 3aKOHY p(t) =1-At" + J-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. He6onpuoi 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 yapa OH OTCKaKHBAET CO CKO-
pocThio V2 = 4 M/c o yrioM 3 = 45° k 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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MHUHYTHI [IOCJIE TOrO Kak Obul yOpaH mapyc, €cii COpOTUBIIE-
HUE BOABI JIBWKEHUIO JIOAKU MPONOPLHMOHAIBHO KBaJApaTy CKO-
poctu. Macca nogaxu m = 100 Kr, K03 PHUIHEHT CONMPOTUBICHUS
r=20,5 kr/™m.
Otser: 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-
TUBJICHHEM BO3/lyXa U BHEITHEM CHJIOBBIM I10JIEM, OTPEACIUTH,
3a KaKoi MPOMEXYTOK BPEMEHHU CKOPOCTh PAKEeThl 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
nsurareneii? Cuutarh pacxoi TOIUIMBA L = 4 KI/C U CKOPOCTh
MCTEUEHUS Ta30B OTHOCUTENBHO pakeThl u = 1000 M/c mocTosH-
HBIMH. 3a/1auy pelInTh, IpeHeOperas mojaeM TATOTSHHS 3eMITH.
Otser: 693
C
5.22. Ha kpato cTona JeXuT BepéBka Mmaccoil m = 1 Kr u Juiu-
Hoil £ = 1 M. BepéBka yznep:kuBaeTcst BHEIIHEW CUIION B MOJIO-
YKEHHH, KOT/1a OJIHA U3 €€ MTOJIOBUH CBEUINBAETCS. 3aTEM BEPEBKY
OTIYCKAalOT U OHA HAYMHAET COCKaJb3biBaTh. HaliTU CKOPOCTH
BEpEBKU B MOMEHT €€ oTpbIBa OT cTona. KoaddunueHT Tpenus
p=0,l1.

OTBerT: 2,69 M
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/IaJIBHHX TOYECK OTHOCUTCIIbHO HEC-
KOTOpOI‘O I.[CHTpa BBOJAT BCJIMYHMHBI, HA3bIBACMBIC MOMCHTOM
CUJIBI ©® MOMCHTOM I/IMH}’JII)CEI.
Momenmom cunvt OmMmHOCUMENBHO HEKOmMopo2co U€H-
mpa O Ha3vigaom eeKmMopHoe NPOU3BeOeHUE PAOUYC-6eKMOPA
MOUYKU RPUIOHCEHUA CUJIbl, npoeedé'rmozo u3 uenmpa 0, Ha

amy cuny:
M=[TF].
Vuutssas, uto T =Xi +Yj+2K, a F=Fi+ ij+ F K, momy-
qaeM:
i ] K
M=|x y z =T (yF, —zF, )+ J (2R - xF, ) + K(XF, —yF,)
FF, R



57

MoMeHTOM CuJl, AEMCTBYIOIIMX HA CUCTEMY, HA3bIBAIOT
BEKTOPHYI0O CyMMYy MOMEHTOB
CWJI, TIPUJIOKEHHBIX K MaTepu-

AJIbHBIM TOYKaM CHCTCMBbI. HpI/I

3TOM U MOMEHT CHJI, JE€UCTBYIO-

m1ux Ha CUCTEMY, U Ka)KILbe/'I u3

MOMCHTOB CHII, I[CﬁCTByIOH.[HX

Puc. 6.1 Ha MAaTCpUaIbHBIC TOYKH, CO-
CTaBJIAIOIUE CUCTEMY, OMMPCACIIAIOT OTHOCUTCIIBHO HCHTPA O:

M= M :Z[q,ﬁ].
i i
Momenmom umnynvca mamepuanvnoi mouku A om-

HocumenvHo yenmpa O Ha3vleaOmM 6eKMOPHOE NPoU3eedeHUe
paouyc-eekmopa mouku A Ha 6eKmMop eé umnynvca.

i ] K
Z’:[T",ﬁ] W l=|x y z
Px Py B,

Mowment HUMITYJIbCa CUCTEMbI MATCPUAJIBHBIX TOYCK OT-

HOCHUTEIIBHO HEKOTOporo IeHTpa O paBeH BEKTOPHOH CymMMe
MOMEHTOB MMITYJIbCa BCEX TOUEK CHUCTEMBbI, OMPEEIEHHBIX OT-

HOCHUTEJIBHOT'O TOI'O K€ LICHTpA:

BLIHCHI/IM, KakKkasd MCXaHHU4YCCKasd BCIWYMHA OTBCT-
CTBCHHA 3a HU3MCHCHHUC MOMCHTA HMIIYJIbCA MaTe[QHaHLHOﬁ

TOYKHU B JAHHOW cuCTeMe OTCcuéTa, s 4ero npoauddepeHiu-
PYEM 110 BpEMEHU BBIPAXKEHHE ISl MOMEHTA UMITYJIbCA:



di_d ... [df ] [ dp
dt  dt Lr.p1= {dt’p}{ dt}

r . - -
Bekrop pry =V W BEKTOp P =MV HampaBJieHbl OJIMHA-

—

dr
KOBO, odToMy | —,p | = 0.
dt
Y4uThIBasi, YTO B COOTBETCTBUU CO BTOPHIM 3aKOHOM
& = LA et o
Herorona —=F, umeem | r,— =[r,F]= M. Torma moiy-
dt dt
9aeM, uTo
¢ -
—=M.
dt
Ypasnenue momenmos ona mamepuanvHoii mouxku

(6.1)

6.2. luHaMUKa BPallaTeJIbHOr0 IBUKEHUSI
CHCTeMbI MATEPHAJIBHBIX TOYEK OTHOCUTEIbHO IIEHTPA
Brisicaum, kakas (u3ndeckas BeTUUYUHA OTPEIesieT U3-
MEHEHUE MOMEHTA UMITyJIbca CUCTeMBI. /Iyt aToro HailiéM cKo-
POCTh U3MEHEHHUS BO BPEMEHU MOMEHTA HMnynbca CHCTEMBIL:

ERLIS

dl, - . - . .
TaK Kak d—t':Mi,To EzM,rz{e M=ZMi.

Ha wacTuiis! cucteMsl B o01IeM ciydae JeHCTBYIOT Kak
BHYTPEHHHE, TaK U BHEIIHUE CHIIBI, T03TOMY MOMEHT M paBen

— —

CyMM€ MOMEHTOB BHyTpeHHUX M 1 BHemIHUX M

BHYTp BHEII CUJL.
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N3 tperpero 3akona HeroToHa ciemyer, 4To CyMMAapHBIA MO-
MCHT BCCX BHYTPCHHUX CUJI OTHOCUTCIILHO JI000H TOUKH paBCH
Hymo. Torna

o] I

E = Vlghem -

(6.2)

9T0 YPAaBHCHUC HA3BIBAIOT YPABHCHHUCM MOMCHTOB IJIA

CHUCTCMbI MAaTCPHUAJIbHBIX TOYCK:

Clcopocmb U3BMEHECHUA MOMEHMA UMN)/1bCA MEeXAHUY e~
CcKoll cucmemol, onpe()eﬂé'unozo OmHOCUmMEJIbHO HeKOmOPOﬁ
mouKu 0, pasrna mMomenmy 6HEeUIHUX CUJl, 0eﬁcm8ylou¢ux Ha

cucmemy, onpedeﬂé'nuomy OMHOCUMETIbHO MOIL Jce MOYKUL.

6.3. MomenT unepuun. Teopema Il teiinepa. OcHoBHOe
ypaBHeHHMe TUHAMHMKHU BPaIaTeJIbHOI0 IBHKEHUS
TBEPAOIro TejIa OTHOCHTEIbHO HENOABHKHOM 0cH

PaccMmoTpuM BpaiieHue TBEPAOro Tena BOKPYT HEMO-
HBI/DKHOﬁ OCH. BBeI[éM MOHATHUA MOMCHTOB HMITYJIbCa U CHJIBL
OTHOCHUTEIIEHO OCH BPAICHHUS. 7

Momenmom cuner M, om-

HocumenvHo ocu epawjenun Z
HA3bl6AI0M NPOEKYUI0 HA IMY OCb
NOJIHO20 MOMEHMA CUl, OeliCmeyIo-
wux Ha meno, onpeoenénHozo0 om-

HOCUMENIbHO NPOU3EOIbHO MOUKU
O oannoit ocu. Puc. 6.2
Momenmom umnynpca mMamepuaibHol MOYKU OMHO-
CUmMENbHO OCU HA3bLEAIOM NPOEKUUIO HA IMY OCb MOMEHMA
UMRYIbCA OAHHOU MAMEpPUanIbHoOll MoOYKu, ONpeoe1éHHOz0
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OMHOCUMENbHO NPOU360IbHOU mouKku O, nexcawieil Ha ocu
spawenus (puc 6.2):

—

N
(i =minv;sin| TV, |=mny; = mirfo,

rae m; ri2 — MOMEHT MHEPIIMHU -0 MaTepUaNbHON TOYKH OTHO-

CUTENBHO OCU Z.

Momenmom umnyiioca meia LZ OMHOCUMETIbDHO OCcU

eépauienusn Z HA3b16a10M NPOEKYUIO HA IMY 0Cb HOTIHO20 MO-
MEHmMa UMnyibca mend, ONpedeiéHHo20 OMHOCUMENIbHO NPO-
uzeonvHnou mouku O oannoil ocu.

MoMeHT wuMIlyibca Tela OTHOCHUTEIBHO OCH paBeH

CyMMC MOMCHTOB UMITYJIbCa BCCX 3JICMCHTOB mi TC€J1a OTHOCHU-

TEIBHO 3TOU OCH.
2
LZ = Zﬁzi = OJZmI ri = ‘]Z(’O’
i i

rae J, :Zmiriz — MOMEHT MHEpPUUHU TBEPJOTO Tela OTHOCH-
i

TEJILHO OCH Z (IIPY TUCKPETHOM PACIIPEICIICHIUN MacChl Tea).
Ecnu pacnpenenenne Maccel 33/1at0T yKa3aHUEM IUIOTHO-
CTH KaK HeNpepbIBHON (PyHKIMU KOOPJUHAT, MOMEHT HHEPIMH

MOKET OBITh PACCYUTAH 110 (POpMyJIE:
J, = [rdm=[pridv,

rae dm u dV — Macca 1 00bEM diIEMEHTA TejIa, HAXOIAIIErOCs
Ha PACCTOSIHUHU T OT OCH BpAILECHHUS, P — INIOTHOCTD TeJa B JIaH-
HOM TOYKE.

PaccMoTpuM MOMEHTBI MHEPLIMM OJJHOPOJHBIX TEN MPO-
CTOU TE€OMETPUUYECKON POPMBL.
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MoMeHT uHepIHH IucKka Maccoi M u paauycom R otHo-

CUTEIBHO OCH, HNEPHEHAUKYIIAPHOU K
C - , 1Ep Y. IU’
= IJIOCKOCTH JUCKA U IPOXOISIIEH uepe3
| EE l €ro LEHTP Macc, paBeH:
mR?
J=
2
MoOMEHT MHEPLIMHM TOHKOT'O KOJbIla MAaCCOM M U paany-
coM R oTHOCUTENBHO OCH, TEPIEHIU-
15 .
KYJISIPHOM K TIJIOCKOCTH KOJIbLIA U TPO-
< c R XOJISIIIEH Yepes3 ero IeHTpP Macc, PaBeH:
J=mR?.
MomeHT nHepLMH TOHKOTO
1S HHep )
CTEp>KHsI Macco M u jymHou L oT-
C

HOCHUTEJIBHO OCH, NEPIEHIUKYIISAP-

~
Y

HON CTEP)KHIO U IPOXOIAIIEH 4Ye-
pe3 ero LEeHTp Macc, paBeH:
2
-
12
MoMeHT uHepuuu mapa Maccod M u
panuycoM R OTHOCHUTENIBHO OCH, TPOXOASILIEH

4epes ero EeHTP Macc, paBeH:

2 2
J=—mR".
5 Z

Brlunciaenue MoMeHTa HUHCpLIUHA

TBEPJOTO TeJIa OTHOCUTEIBHO IIPOU3BOJIb- 1C
HOM OCH B HEKOTOPBIX CIy4dasX MOKHO

A
Y

YOPOCTHTh, BOCIOJIB30BABIINCH TEOPE- d
moii llltetinepa: Puc. 6.3
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Momenm unepyuu mena OMmHOCUMENbHO NPOU3BOTILHOTL
ocu pagen MOMeHmy UHEPYUU meia OMHOCUMENbHO 0CU, Na-
PanneabHoil OGHHOU U NPOX0OAUell Uepe3 UeHmp Macc mena,
CIOHCEHHOMY C NPOU3E6E0EHUEM MACCHL meld Ha Keadpam pac-
cmosanus d mexcoy ocamu:

J, =J.+md?.
MowmenT HWHCPpUUHN — BCIIMYMHA aJAWTHBHAsd. ITO 03Ha-
YaeT, YTO €CJIN TEJI0 COCTOUT U3 HECKOJIBKUX YacTel, TO MOMEHT
MHEPLHHU TeIa OTHOCUTEIBHO HEKOTOPOH OCH paBEH CyMME MO-
MEHTOB MHEPIMH YacTel 3TOr0 Tejla OTHOCUTENIBHO TOH e OCH.

MoMeHT nHepIIMU Tea ABIIETCI MEPOM €ro UHEPTHOCTH

IIpU BpalliaTCJIbHOM JIBHUXCHUMU.

B npoexuyu Ha och BpameHus Z ypaBHEHUE MOMEHTOB
(6.2) 3anuChIBalOT B BUJIE:

dL,
— MBHGH.I 6.3
dt z ( )
VuaursiBas, uto L, =J,®, ypaBHenue (6.3) 3anmmiem B BuzIe
d(J
40:0) _yy
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
WJIH
J,e=M,.

OcHoegnoe YypasHeéHue OUHAMUKU spauiamenlbHo2o osudICeHUA
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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
G ' % ' * 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 CUM-
METpPUH, a BTOPYIO — Ha YeThIpe
OJMHAKOBLIE YaCTH. 3aTeM Bce 4a-
CTH OTOJBHHYIIU JAPYT OT JIpyra 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/1bIit OIHOPOAHBIN TOHKUI JUCK BPAIIA€TCsl 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, JIEHCTBYIOLIMI HA JUCK
OTHOCHUTEJIBHO OCH BpAIIEHHUs, 3aBUCUT OT BPEMEHU IO 3aKOHY
M ~ t". 3HayeHue n paBHoO ... .

ayl 6)2 B3 14

6.10. TBepbIii OMHOPOIHBIN TOHKUN THUCK 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 GpopmbI 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-



68

MEHTa UHEepUUHU J = mR?? Heobxoamumo BBIOpATh BCE MPABUJIIb-
HBIE OTBETHI.

1) nns MarepuanabHOM TOYKHM MAccodl m, HaxXoIsllehcs Ha
paccTosHuM R oT ocu BpamieHus;

2) W1t OMHOPOAHOTO IIIapa Macco m U paguycoM R, mieHTp
Macc KOTOPOro HaxOAMUTCS Ha paccTosiHuM R 110 ocu BpaieHus;

3) ISl TOHKOTO KOJIbIIa Maccoil m U paamycoMm R, ecim ock
MPOXOAUT 4Yepe3 LEHTP Macc KOoJblla MEPHEHIUKYJISPHO €ro
IIJIOCKOCTH;

4) s TOHKOTO JMCKa Maccol m u paguycoMm R, ecim och
MIPOXOAUT Yepe3 UEHTP MACC JUCKA MEPIIEHIUKYIISIPHO €ro IJ10C-
KOCTH.

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

6.13. OnHOpOaHBIN AMCK Maccod m U paauycoM R Bpamia-
€TCs O] ACHCTBUEM MTOCTOSIHHOTO MOMEHTA CUJI OTHOCUTENBHO
OCH, TPOXOJSIIEN Yepe3 ero UeHTP MacC U MEePHEHANKYIIPHOU
IJIOCKOCTH JAKCKa. Ecii mpu HEM3MEHHOM MOMEHTE CHII OCh
BpalIeHUs IEPEHECTH NapaIesIbHO Ha Kpail AUCKa, TO JIJIsl MO-
MEHTa UHEPLUHU J ¥ YIJIOBOTO YCKOPEHUS € IUCKA CIPABEIIUBbI
COOTHOIICHHUS ... .

a) J,>J;,65<g  0) Iy >l 6>
B) Jh,<Ji,e,<g; 1) Jy<d e >

6.14. HaiiTu MOMEHT MHEPLIMM PABHOCTOPOHHETO MPOBOJIOY-
HOTO TPEYTOoJIbHUKA cO cTOpoHOoU b = 0,5 M u maccoi, paBHO-
MEpHO pacupeaeiaEHHOM M0 MEPUMETPY TPEYTOIbHUKA U PAaBHOMN
0,4 Kr, OTHOCUTENBHO OCH, JIeXKaIel B MIOCKOCTU TPEYIrOib-
HUKa U MPOXO/ISLIEH Yepe3 ero BEpIIMHY NapaieIbHO 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 pacHpeIeIEéHHOM 110 IEPUMETPY TPEYTOIbHUKA 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 Marepualia, IJIOTHOCTb KOTOPOTO U3MEHSETCS C
PacCTOSTHUEM T OT OCH JIUCKa, IPOXOISIIEH Yepe3 ero reoMeTpu-
YECKUN LIEHTP NEPIEHIUKYIISIPHO IUIOCKOCTH JAUCKA, 110 3aKOHY
p=a+br+cr®, me a = 10° ko/™M’, b = 510° kr/m?,
¢ = 6-10° kr/mM°. BbIUKCINTD MOMEHT MHEPLMU JUCKA OTHOCH-
TEJNBHO ATON och. OTBET 3aNKCaTh C TOUHOCTBIO J10 AECSTHIX.
Otsert: 3,9 krm?
6.17. HailiTu MOMEHT MHEPLIUU TOHKOT'O OJHOPOIHOIO JAHUCKA
OTHOCHUTEJIBHO OCH, COBIAJANOIIEH ¢ ero auamerpoM. Macca
nucka 0,3 kr, paguyc 0,4 m.
Otset: 0,012 kr-m?
6.18. YacTtuie maccoif m = 2 Kr coo0IlleHa HayaJlbHasi CKO-
pocTh Vo = 60 m/c, Hampas- y
neHHas nox ymoM o =30° k Vo
ropusoHty. Tpaekropus mo-
néTa 4YacTHLBl JIEKUT B O

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

M
TEJILHO TOYKHM OpOCaHusi B MOMEHT BpeMeHu t =2 ¢. §=9,8— .
c

OtseT: 2034,5 H'Mm
6.19. Yactune maccoi m = 3 Kr cooOIieHa HayaJibHasl CKO-

pOCTh Vo =30 M/C 1oj yriioMm
Y.

o = 60° k ropusonTy. Tpaek-
TOpUsl MONETA YACTHIIBI Jie-
KUT B IUIOCcKoCcTH Xy. [Ipe-

XY

He6pera$1 COIIPOTUBJIICHUEM
BO31YyXa, HanTH MOAYJb MO-
MCHTa HUMITYyJIbCa YaCTHULIbI OTHOCUTCIIBHO TOYKH 6pOC21HI/I$I B

MOMEHT BpeMeHUu t =2 C. § = 9,81%.
c

2

Otser: 882,9 LM
C

6.20. OnHopoanbli map Maccoit m = 0,2 Kr Bpamaercsi Bo-
KpYT OCH, IPOXOASILIEH Yepe3 ero LEeHTP Macc TakK, YTO YroJ IMo-
BOPOTa CO BPEMEHEM MEHSETCS 110 3aKOHY (= at® +Bt+y, roe
o=2pan/c’, p=4rpan/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
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JIUCKa U TPOXOMSALIEH Yepe3 LIEHTP MAcC, MOA JCHCTBUEM MO-
MeHTa cunt M, = A £, e A = 5 xr-m%/c’. Haiitu yrioByto cko-
pPOCTb TUCKa uepe3 2 ¢ M0CIIe Hayala JBUKEHMUSL.
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 3akony M, =M, (—] , tme Mg, =3 Hwmg
T

T =5 c. OnpenenuTh CpenHIO BEJINYMHY YIJIOBOH CKOPOCTH
JICKa 3a MHTepBaji BpeMeHu ot t1 =1 c ot =4 c.

Otgert: 0,055 pan/c

6.23. MOMEHT MMITyJIbCa YaCTHIIBI OTHOCUTEIBHO Havaja OT-

CdeTa MEHSETCS C TeUCHHEM BPEMEHH 10 3akoHy L = ia+ jbt?,

2 2
KI'-M KI'-M
mea=12 ——,b=3 ——

C C

. HailiTu MOMEHT CuJIBI, JCH-

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

MEHT BPEMEHH, KOIZla YIoJl MeXAy BEKTOpaMH L u M crano-
BUTCS paBHBIM 45°.
Otert: 12 H'm
6.24. OpnHOPOAHBIN TOPU3OHTAIBHBIM  TUCK  Maccoi
m; = 0,5 kr u paaguycom 0,6 M MOXKET Bpaliarbcsi 0€3 TpeHUs
BOKpYT HETOJBYXHON
BEPTUKAIIBHOM OCH, IIPO- -
XOJISLIEH Yepes ero UeHTp. m, QD\F;
Ha kparo nucka 3akpenunm m,
HEOOJNBIION Tpy3 Maccoit
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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(Ej , Te
T T

A, B — n0CTOsIHHBIE BEIMYMHBL, |, | — €JUHUYHBIE OPTHI B Jie-

KapToBOil cucteme koopauHar. Haiftu Mmoaynb cuiibl, AeiicTBYIO-
1Iell Ha 4acTUIly B MOMEHT BpeMeHu t = 1 ¢, ecniu 1 = 1 c.
A =1xkr-m/c, B=1 kr-m/c.

2. JIBa onMHAKOBBIX AMCKa Maccoi m u paanycoM R kax-
JIBIA TIOJIO’KUJTM HA TUIOCKOCTh U TIPUBAPUIIN
IOpyT K apyry. HallTu MOMEHT nHepuu mo- 0
JTy4YUBLICHCS JIeTall OTHOCHUTEIHHO OCH,
MPOXOASAIIEH NEPIEHAUKYISIPHO ITIOCKOCTH JUCKOB Y€pPE3 TOUKY

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

3. Teno Bpammaercs BOKpYT 3aKpEIIEHHON OCH € YITIOBOR
oh! CKOPOCTBIO, 3aBUCUMOCTb OT BPEMEHH KO-
Orax| ™~ TOpo# 3agaercs rpadukoM. MOMEHT nHep-
LN Teja OTHOCHUTEIBHO OCH BpallleHUs

i L ¢ paBeH I. Ha ckonpko oTImyaroTcs MOy

O | _ - _ _ MOMCHTOB CHII, ,Z[CﬁCTByTOIJ.IHX Ha TCJIIO B

MOMEHTHI BpeMeHHU t; = 1 ¢ u t2 = 3 c.

Omax = 1 C_l, 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 BpECMCHU

2
. -t = t
M0 3aKOHY V(t) =1-A—+ j-B(—] , rme A, B — nocrosHHbIe

T T

- -

BCJIIMYHHBI, i ) J — €AUHHUYHBIC OPThI B HeKapTOBOﬁ CUCTEME KO-

opauHat. Yemy cTaHEeT paBHA BEJIMYHMHA MTOJIHOTO YCKOPEHHUSI Ya-
CTUIIBI B MOMEHT BpemeHu t=1 ¢, ecmu t=1 c. 4 = 3 wm/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. Yactuma Havaja CBOE JBWIKEHHWE M3 Hayajga KOOPAMHAT C

Ha4aJbHOI CKOPOCTBIO Vy =—]-A U ¢ yCKOpEHHEM, KOTOpoe 3a-

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

A |~

SHHAS BEIMYMHA, |, ] — CIMHUYHBIC OPTHI B JICKAPTOBOW CH-
cTemMe KoopauHat. KakoB MOIynb CKOPOCTH 4acTUIIBI B MOMEHT
Bpemenn t=1 c, ecmu 1=1 c? A =2 m/c, B=3 m/c?.
a)1,5m/c 6)2,0m/c B)2,5M/c T)3,0M/c n)3,5m/c
3. CkopocTh YacTHIbl M3MEHSIETCSI BO BPEMEHHU M0 3aKOHY
V=5t-1+12t- j . YeMy paBHA BeIMYHHA TAHTCHIMAIHLHOTO
YCKOPEHHMsI YaCTHIIBl B MOMEHT BpeMeHu ¢ = 1 ¢?
a)26 M/c>  6) 13 m/c®  B) 17 M/c® 1) 34 m/c?

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

oTBeTCTBUHM ¢ ypaBHeHneM ¢(t) = 2n(t2 -6t +12) , TIe @ —yroi

B paguaHax, t—Bpems B cekyHaax. B momenT t =3 C BennuuHa
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TaHI'€HLIMAJIBHOIO (KacaTelbHOIO K TPaeKTOPUH) YCKOPEHMSI Ya-
CTHIIBI (B M/c2 ), paBHa ... .

a)0 0)4n B)O6RM 1)2m
5. YacTuua M3 COCTOSIHMSI MOKOS Hayaja JBUraTbcs 10 Ayre
OKpy>kHOCTH paanyca R =1 M Tak, 4To yroi noBopoTta 3aBUCHUT

6
OT BPEMEHHU IO 3aKOHY @:A-(?j . Haiftu TanrennmanbHoe

yCKOpeHHe 4acTullbl depe3 Bpems t=1c, ecom 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. HeOonbuioil mapuk Maccel m JIETUT CO CKOPOCTbIO V; 101

ymioMm o =30° K TOPU30HTAIBHOM MJIOCKO-

i 3
2 ctu. Ilocie Heynpyroro ymapa oH OTCKa-
oL/~ N p

KHBAaC€T CO CKOPOCTBIO V2 mnog yriom

B =60° k muiockocTH. Bpems coynapenus t. Haittu monyns cpen-
Hell cuiTbl TpeHHs apuKa o miockocts. V; = 10 m/c, V, =6 m/c,
t=0,01c,m=4kr

a)64H 6)164H B)264H r1)2264H n)1264H
7. MarepuanbHas Touka M IBHXETCA MO
OKpY>KHOCTH co ckopocThio V. Ha puc.1

Puc.1
MOKa3aH TpauK 3aBUCUMOCTH TMPOEKLUHU
- . 0 t
CKOpOCTH V. Ha OpT T, HalpaBICHHBIH itz ts
_ M17T
BIOJIb ckopoct V. Ha pwuc.2 ykaxure 4
Puc.2 3% 2

HampaBlieHUE CHWJIBI, JACUCTBYIOIICH Ha
TOYKY M B MOMEHT BPEMEHH 13.
a)l 6)2 B3 n4



71

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 NPaBUILHOE COOTHOIIEHUE MEX1y MOMEHTaMH HHEp-

IIUM DTHUX JeTanell oTHocuTeabHo ocu OO0

10. Tonkast onHOpoOnHAs MPSIMOYTOJIbHAS IUIACTHHA CO CTOPO-
a HaMu b ¥ a MOXeT Bpauiarbes 6e3 Tpe-

,,,,;&C

pe3 nenTp macc C. MOMEHT MHEPIMH TUTACTUHBI OTHOCUTEIIBHO

p HUA B BEPTUKANBHOU IIOCKOCTH BOKPYT

TOPU30HTAJILHOM OCH, MTPOXOJAIIECH Ye-

ocu C paseH /. K cepenuHe CTOpOHBI IIJIACTUHBI IPUKIICHIIN Ma-
JIEHBKUN TPY3UK MaCChl 7 M OTIyCTUIIM 0Oe3 Tomuka. B Hadamb-
HBIi MOMEHT CTOpPOHA IJIACTHHBI ObUTa BepTUKaibHA. Haiigure

YIJIOBO€ YCKOpPEHWE TOMyYHUBIICHCS (PUTYPBI B HAUYaIbHBINH MO-

MEHT BpeMeHHU. m =2 K1, [ =3 Kr-Mz,b:4M,a:6M.

a)2,86pan/c” 6)3,86pan/c” B)4,86pam/c” 1)5,86pan/c” m)6,86pan/c
2,86pan/c® 6)3,86pam/c* B)4,86pan/c’ r)5,86pan/c’ 1)6,86pan/c’
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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

X aY _ (x+y) 1 _ X B
a*-a’=a a—X:aX a _ a7

aYy
X.p* =(a-b)* x\ _ oxy m
N

Ehskh i G 1
b b

ToxknecTBa COKPANIEHHOTO YMHOKEHUSI

KBajpar nBywicHa (ax b)2 =a’+2ab+b?
Ky6 aByunena (a+b)® =a®+3a%b+3ab? + b°
Pa3HOCTb KBaapaToB a?-b?= (a—b)(a+b)

PasHocTts Ky0OB a®-b’= (a—b) (a2 +ab+ b2)
Cymma Ky60B a®+b%= (a+b) (a2 —ab+ b2)

OcHoBHBIE cBOliCcTBA JIorapu(pmoB
X
log, (xy) = log,x +log,y log, (;j = log,x —log,y

®opmyJibl KOPHEll KBAJPAaTHBIX YPABHEHUMH

ax2 +bx+c=0 X2 +px+q=0

—b++b? - 4ac P pY
N X12=—5% Y

Xo 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




