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BCHHBIC BOIIPOCHI, HC Tpe6onnme peuicHus ypaBHeHHﬁ, TaK U CTAaHAAPTHBIC 3aJa4r C UCIIOJIb30BAHUEM NPOU3BOAHBIX U UHTCTPA-
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pelieHa BO BpeMsi MPAKTUUECKHUX 3aHSTHH, & 4aCTh — OCTAETCS ISl CAMOCTOSTEIbHOW MTOATOTOBKHU CTYACHTA K KOHTPOJIBHBIM pa-

00TaM ¥ 3a4€THOMY 3aHSATHIO.




3anstue 1. Tema: Ponb Gu3uku B pa3BUTHN TEXHUKH.

MaremaTu4yecKkui annapar GU3UKH: BEKTOPLI U ONePAlMU ¢ BEKTOPaMH

1. BBEJI[EHUE.

1.1. @usuka kax nayka. Poaw usuxu 6 pazsumuu mexuuku. Cesazo gusuxu ¢ mamemamuxou. Obwas cmpykmypa u 3a-
dauu Kypca Qusuxu.

Haunem ¢ mpumepa: HEKTO MOJNYYWII 3aJaHKe, HAPUMED,
OTIPEJICIIUT PAANYC TPYOBI, MO KOTOPOH 3a OJHMH Yac OyJeT IpoTe-
kath 10 M’ Boztel. C 9TO# HENBIO OH H3MEPHIT TTOKA3aHMs CUCTIHKOB
pacxojia BOJIbI B HECKOJIBKUX JIOMAax M Paguychl TPyO, MO0 KOTOPBIM
B HHX TekJia Bojia. [loyueHHbIe JaHHbIe OH 3aHEC B TAONHUILY

v |75 [159 21,1 [ 128 | 215

rnem |08 122 |35 |50 |65

Y TI0 3TUM JIAaHHBIM TOIIBITAJICS
HOCTPOUTH  BKCIEPUMEHTAIb-
HBIII TpaduKk  3aBUCHMOCTH

V(r). UYro momyuutcs B pe-

3ynbTare?
‘ OTBeT: TOJNBKO TO, YTO MUCCJICJ0BATENb MMOKa3a CBOIO MOJHYI0 HEKOMIIETEHTHOCTD U
T T HEOOpPa30BaHHOCTD, TAK KaK COBEPIIIHI BCE BO3MOXKHBIE OIINOKH:
0 1‘ é ‘3 )1 5‘ % ‘7 o~ VMCIOJNB30BAH HENPABUIbHBIA H3MEPUTEIbHBIN IPUOOP U HENPABUIBHYIO HPOLEAYPY H3ME-
’ peHmii;

— NP U3MEPEHUSIX HCIIOIB30BAHBI Pa3HbIC H3MEPHUTEIBHBIC IPUOOPHI (CUCTUMKU PACcX0lla BOABI, KOTOPBIC MOTYT ITOKA3bIBATh HE
COMIACYIOIIUECS PE3YIIbTATHI)
— HM3MEpCHA HE Ta BENMYMHA (BHCUIHHIA, a HC BHYTPECHHHUN PAUyC TPYOBI, MO KOTOPOU TEUYET BOJA);
— HE OMpPEJCIICHBI U HE COTIACOBAHBI YCIIOBHS, TP KOTOPHIX MPOBOAMINCH U3MEPEHUS (Pa3HOCTh NABJICHUI Ha KOHIAX TPYOBI,
TeMIepaTypa BOJBI U T.I1.);
— MOJIYYCHO CIIUIIKOM MaJjI0 JaHHBIX IS MPAKTHYECKUX BBIBOJIOB;
— HEMpaBHILHO 00pabaThIBAIOTCS SKCIICPUMEHTAIBHO MOIYYCHHBIC PE3y/IbTaThl (II0 KAKOMY W3 IMOCTPOCHHBIX rpadukos, A, b
i B, Oyner onpenensaThecs HCKOMas BeTMIuHa 77);
— HHUYEro He CKa3aHO 00 OmMrOKe (MOrperrHOCTH) MOJYyISHHOTO pe3yibTaTa (yaOBICTBOPSAT K 3aKa3yrKa PE3yIbTaThl, MOTydCH-
Hble ¢ omunokoi B 50-100%7?);
— HaKOHEIl, SKCIIEPUMEHTATOP MPOCTO HE 3HAT (PU3UKY, MOTOMY YTO ¢€ 3aKOHBI MO3BOJISAIOT C/ICIATh MPABUIIBHEIN BEIBOJ 0€3
JIUIITHUX U3MEPCHUIA.

B ponb Qusukm Ui CHENUANTUCTa-TEXHUKA 3aKITFOUACTCS B CICAYIOMIEM: JaTh O0Iee MOHMMAaHUE O MEXaHHU3ME IpOTe-
KAIOIIUX B TEXHHYCCKUX CUCTEMaX MPOLECCax U CHAOIUTh ero oommmMu GopMyliaMu, 3aBUCHMOCTSIMH, KOTOPBIC MTO3BOJISIOT pac-
CUYHTATh TH IPOIECCHl 0e3 HEHYKHBIX M3MepeHuid. be3 Takoro moHuMaHus Jrodasi, gaxe OypHas, AEATCIbHOCTh TEXHUKA HAIIO-
MHUHAET JCATEIbHOCTh MUJUTHOHA 00€3bsH, KOTOPhIC HAKUMAIOT KJIABUIIY MUJUIHOHA MMEYATAIONINX YCTPOMCTB (32 MUJLIHOH JICT Y
OJIHOM U3 00€3bsIH, OBITH MOYKET, ITOJYUYMTCS CIyJaiHO HAICYaTaTh YTO-TO MMCIOIIEE CMBIC).

OdusmKa — npakTuieckas Hayka. OHa y4HUT NPaBUIbHO CHUMAaTh M3MEPCHHUs, 00padaThiBaTh WX, OLICHUBATH MMOTPEITHOCTH
U PACCUNTHIBATH JKCJIACMBIN PE3yJIbTaT.

Odum3mKa — TeopeTryeckas Hayka. OHa y4uT OBICTPO M MPABIIBHO HAXOIUThH KEJIACMBIC 3aBHCHMOCTH MEXIY H3MEpsic-
MBIMH BEJIMYMHAMH.

JI100ble 3aBHCMMOCTH B pPeajbHbIX (PU3HUYECKHX Mpoleccax H B TEXHHYECKHX YCTPoiicTBaX (PyHKIMOHAIbHBI. [Te-

pPEMEHHBIE, ONMCHIBAIOIINE ITH TIPOIECCHI, 0053aTeIHHO CBsI3aHbI (DYHKIIMOHAIBHON 3aBUCUMOCTBIO y = f (x) . Hammpumep, 00béM

V *KHIKOCTH WK Ta3a, IPOTEKAOIICTo 10 TPYOe 3aBUCHUT OT paguyca TpyOsl 7, OT €€ IJIMHBI [, OT pa3HOCTHU JaBICHUN Ha KOHIAX

_ Tﬂpr4
8n!

COBCEM HE HAJ0 W3MEPATh CKOPOCTHh TEUCHHUS BOABI M0 TpyOe, KOTopas pa3indHa B Pa3HBIX TOYKaX. 3amavya (GU3UKH — HAUTH TO-
J0OHBIE 3aBUCHMOCTH, HCCIIEOBAaTh HX M JIaTh KOHKPETHBIC PEKOMEHIAINH TEXHNUECKUM CITCITHAIICTaM.

TpyOBl Ap ¥ OT CBOMCTB camoOi XKHAKOCTH, € Bs3kocTH 1: V = f (r,l,Ap,r]) — ¢opmyna Ilyazeitssa. s BeIAuCIeHUS

3ameuanue: Bce 3aBICHMOCTH B 3TOM MHUpe (pyHKIMOHAIEHEL. CIIOBAaMH MX BBIPA3WUTh HENb3s. VICTHHHEBIE CBS3H M 3aBU-
CHMOCTH OTIFICBIBAIOTCS S3BIKOM MaTEMAaTHKH Be3/e, M B (DU3WKE, M B TEXHUKE, M B SKOHOMHUKE, U B IOJIUTHKE, M B IICUXOJIO-
THH, U B JTUHTBUCTHKE. TOJIBKO TOT, KTO IMOHMMAET 3TH (DYHKIIMOHAJIBHBIC WIIM CTATHCTHYECKUE 3aBUCHMOCTH, a HE TOBOJIb-
CTBYETCSI CJIOBECHBIMH pacCyKICHUAMH, TOOUBACTCS ycIexa.

Ipumep 1. Korma MOXKHO MONYYUTH GOJNBIIKE AUBHICHIBL TPOIAB 3a ToA Mammuny mnexoit B 100000$ 3a 2000008 wmu, vMest CTapTOBbINA KaluTal B
1000 py6 u mpomasast xi1e6?
Omeem: KOHEYHO BO BTOPOM ciiydae. ExeJHEBHO MoOKymas xje0 M pacupojaBas €ro ¢ HaueHKOH 1% MOXXHO 3a TOX JOBECTH CBOM KamuTal 0

1000 {1,01)*® )’

YHBATh CBOIO TOPTOBIIIO).

Ilpumep 2. 3a monuTuKa “A” cobuparorcs ronocoBats 98% n3 N=250 maH uzbupateneit, a 3a nomuruka “b” — 2%. IIpemnoxure nporexypy BEIOOPOB,
KOTJIa TOJIOCYIOT BCE, B COOTBETCTBHH CO CBOMMH JKEaHHAMH, 6€3 MOATACOBOK, HO GOJIBIINHCTBOM rOJI0COB OyaeT U3bpaH moiauTuk “b”.

OrtBeT: OueHb NPOCcTO. MHOTOCTYIIEHYAThIC BEIOOPHI C MPABUIIBHON HApEe3KOW H30HPATENbHBIX IPYII, KOrIa OOJIBIIMHCTBOM T'OJIOCOB BBIOHPAIOTCS Jie-
JIeTaThI-IPEJCTABUTEINH, KOTOPBIE OYAyT TOJOCOBATh Ha cileayouieM Jtane. Ha kaxaom sTane nzduparean GOpMUPYIOTCS B TPYIIBI U3 25 YelOBEK, B KO-

=37783py6 . Ecnu nponaBats ¢ HaueHkoi B 10%, To B pesynbrate 3a roj noxyuurcs 1000 Eﬂl,l =1,28 ao'® py6 (mpupercst orpaHu-
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Topbix 13 Oyayrt ronocosats 3a “B”, a 12 — 3a “A”. B aTux rpynmax Oyzaer u30paH [eierat, KOTOPBIH rojlocyeT B mocieayromeM 3a “b”.OcranbHbie
IPYIIBI COCTOAT TOJNBKO W3 W30MparTenei, ronocyromux 3a “A”. Iocse nepporo stana BeGopos octanercss 0,02 [N/13 nmeneratos, ronocyromux 3a “B”

u3 obmero uncna N/25 BoiGpannbix jeneraros. [locne Broporo srtana Bei6opos 0,02 [N/ 13 neneratos us N/ 252 Oynyt romocoBats 3a “b”. ITocie

5 0,02IN _ N
T71TTO STalla FONOCOBAHMS UHCIO JENEraTos, rojocyomux 3a “B” cramer Gombiie MONOBHHBI M3 HX OOIMIEro WHCHa: ——— —>-—-, OTKyAd
13 25
25 1 1n25 5
5 > .02 =25wu n> Tn(25/13) =4,9 . Ilocne n =5 - ro sTana BEIOOPOB OCTAHETCS N/ 257 =25 peneraToB, U3 KOTOPBIX 60MBIIMHCTBO (13 mpoTuB

12) 6yzner ronocosats 3a “b”. IIpuMep yTpupoBaH, HO, 3Has MATeMAaTUKY, IPaBUIILHON Hape3KOH H30UpAaTEIbHBIX OKPYTOB MOXKHO JTOOUTHCS HOOEBI B TO-
JIOCOBaHMH TIPU HE CIIMIIKOM 3HAYUTEIFHOM Pa3phbiBE B rOJI0Cax M30MpaTenei.

2. MATEMATHYE CKUU AIITIAPAT OHU3UKU
2.1. @ynxyuu 6 Pusuxe. Hccredosanue Qynxyuii

Jns onucaHMs 3aBUCMMOCTEN HCIONB3YIOT dlleMeHTapHble (QYHKIMU: CTEHEHHYK X', TPMIOHOMETPMYECKYIO Sinx,

cosx, tgx, ctgx, SKCIOHCHIHNAIBHYIO exp(x) =¢”*, norapupmuueckyro Inx wiu logx, 0OpaTHYI0 TPUTOHOMETPHYECKYIO

arcsin x , arccos x, arctgx . arcctg X H T.0. OT0 — IIPOCThIC {l!yHK!!I/II/I. Ho d)VHKHI/IOHaHLHaﬂ 3aBUCHMOCTb MOKET OBITh CI0KHOU

— KOMOUWHAIMeH MPOCThIX QYHKIWMH, Hanpumep [ (x) = sin(exp(xz)) +In (x3) 1 T.1. Takyro 3aBUCHMOCTh HE BCET/Ia IPOCTO OIl-

PENeNUTh C TOMOIIBIO TIPOCTHIX H3MEPEHUH.

Ho ¢ynknmonansHbIe 3aBUCUMOCTH, KaK MPaBHIIO, HE OHOMEpHEL. JIobas ¢pusuveckas cBA3b
3aBUCUT OT U3MEHEeHHs He OHOI, a MHOTHX NepeMeHHBIX. B mepByto ouepens ciaeayeT HOMHUTb, 9TO
Bce (hM3MYECKHEe MPOIECCHl MPOUCXOAAT B TPEXMEPHOM IIPOCTPAHCTBE, T.C. 3aBHUCAT OT TpPEX IIPO-
CTPaHCTBEHHBIX KOOPJAWHAT X, Y, Z. [lo3TOMy MHOTHE (pU3UYECKUC BEIHMYUHBI JJOJDKHBI OBITh KaK-TO Ha-
MIPABJICHBI B IPOCTPAHCTBE, T.€. TOJDKHBI OBITh BEKTOPaMHU.

2.2.1. Bvibop cucmem xoopounam. Ilpoexyuu 6exmopa u O1uHa 6eKmopa.
2.2.2. CnooiceHue u 8biuumaHue 6eKmopos.

Bekrop d - 3TO OTpe30K MpsIMOM JIMHUW, UMEIOIIHIA OTIPEICICHHOE HAIIPaBJICHHE B TIPOCTPAH-
ctBe. Benmuuna (MOyib) BEKTOpa — 3TO JJTHHA TAKOTO oTpe3ka. YToOsI 3a7aTh (HAPHCOBATH) BEKTOP, HAJIO BEIOPATh OCH KOOP-
JIMHAT, 3a/Ial01UX HallpaBJIeHUE B MPOCTPAaHCTBE. Hallle BCcero UCMoJb3YIOT JeKapTOBY CUCTEMY KOOPJIMHAT , II€ MOJIOKEHUE
| TOYKH 334aeTCs TPeMs KOOPAWHATAMH X, Y, Z U3MEPEHHBIMH IO TPEM

B3aNMHO NEPIICHANKYJIAPHBIM OCAM; MUIHHAPUICCKYIO CUCTEMY KOOP-
QI/IHa TA€ MOJIOKCHUEC TOYKH 3a1a€TCA PACCTOAHUAMU Rwuzmn yriiom

| 1(‘ \ x = Rcos¢; y=Rsin d)) ; chepUUECKYIO CHCTEMY KOODAMHAT, TIE

-/ — ~ [IOJIOKCHHUE TOYKHM 3a1aCTCA YAAJICHUCM 1 OT Havdalla KoopAuHaT 0 u

C__ 17X
y v
Y - SD CYHOK).

Janerie Mpl OyzieM TOJIb30BATHCS JIEKApTOBOW CHCTEMOM koopauHat. Hampasnenwe
TpeX B3aUMHO IEPIIEHANKYSIPHBIX OCeH X, y,z 3aJal0T TpeMs B3aUMHO IEPIEeHINKYIISIp-

f=o

yriamd ¢ u 0 ( =rsinBcos¢; y =rsinBsind; z=rcosG) (cM. pu-

HBIMH BEKTOpaMH I, j,k , HalpaBIEHHBIMU BIOIb 3THX ocel. OHM MMEIOT eINHIIHYIO

JJIMHY W Ha3bIBAIOTCA OpTaMHU ,HeKapTOBOﬁ CUCTEMbI KOOpAWHAT. JTro0oit BCKTOD 4 3amnm-
CBIBAalOT B BUJIC

d=iay+ jay tka,|,

rne d,,d,,a, - MPOEKIMN BEeKTOpa 4 Ha OCH KoopAuHAT (cM. pucyHok). [Ipoexkuunu

y b
BEKTOpPA — 3TO CKAJIAPHBLIC BCJIIMYWHBI, HC MMCIOIUEC HAIIPABJICHUA, OJHAKO OHU UMCIOT 3HAK. HpOQKI_II/IH a, TIOJIOKHUTEJIbHA, €CIIN

yrojl MEXKAY BEKTOPOM ¢ U COOTBETCTBYIOIIMM OPTOM [ OCTpPBIi (< 900) (d HampaBiieH BIOJIb OCH X), M IPOSKLU ¢, OTpHUIa-
TeJbHA, €CIIM YTOJI MEXTy BEKTOPOM G M COOTBETCTBYIONIMM OPTOM i TYHO# (> 900) (a HampaBieH NpOTHB ocH x). Ecimu ator

yron pases 90° ¥ BeKTOp d NepIEeHAUKYJIAPEH OCH X, TO COOTBETCTBYIONIAS MPOEKIHUs PaBHA HYJIIO (a = O) .

EHI/IHa BCKTOpa a (OHa ’K€ Ha3bIBACTCS BEAUYMHOM MIIM MOAYJIEM BEKTOPA) CJICAYCT U3 TCOPCMbI Hn(fparopa:

a=|a|= a§+a§+a22

YTOGBI CIOKUTH J1BA BEKTOpA d = id, + Jaytka, u b =ib, + jb, +kb,, HaIO CIOKUTb UX NPOCKLIMH:



G=ic,+je, ke, =a+b =1 (a, +b.)+j(a, +b,)+k (a, +b,)|.

Bemmunna (MOIyib) CyMMBI JBYX BEKTOPOB OyZeT paBHA

~ 2
‘d +b‘ = \/(ax +bx)2 + (ay +by) + (az +bz)2 . Ho bacTo npu cno’keHun BEKTOPOB HPOILe

CKJIaIbIBATh BEKTOPHI TEOMETPUIECKH, UCIIONB3YS MPABMIIO MTapaJlIeorpaMma:
Y 100HO BOCTIONB30BaThCS TEOPEMOI KOCHHYCOB: €CJIM U3BECTHHI IBE CTOPOHBI TPEYTOJIBHUKA d, b 1 YTOJI MEXIY

HUMHU ¢ , TO KBaapaT IPOTHUBOIOIOKHON CTOPOHEI |c2 = a* +b* - 2abcos ¢| .

B (usuke nonaraeTcs U3MEPATH YIJIbI HE B rPaycax, a B paguanax. 1= 3,1415926... paguan papabl 180°

CootsercTBenHo, 1 paguan = 57,3° . Torja BenM4HHA CyMMBI IByX BEKTOPOB, KaK BHIHO U3 TPEYrOJNLHUKA HA PH-

CYHKe, paBHa |E| = ‘d +l;‘ = \/a2 +b? —2abcos(n— 9) WM |c = \/a2 +b% =2abcosO ,TIe B — yrom Mexay BeKTOpaMu d U b.

=-cosB
[py BLIYMTAHUM BEKTOPOB BHIYUTAIOTCS UX MPOEKIUK: [C = ic, + JC + k -b= f(ax - bx) + j(ay —by) +k (az -b, ) .
i BenmunHa (MOyIb) pa3HOCTH IBYX BEKTOPOB OyzeT paBHa

‘Ei —l;‘ = \/(ax -b, )2 + (ay -b, )2 + (az -b, )2 . Kax u panb1e, y1o6HO BbIYECTh BEKTOPBI I'€0-

METPUUCCKU (CM. pI/IcyHOK). I[J'IS[ 9TOI'0 HaAO MPOCTO MOMEHATH HAIIPABJICHUC BBIYUTAEMOI'O BEKTO-

pa b, MEHSIS €ro 3HAK U 3HAK BCEX €r0 MPOEKIHH, a TOTOM CJI0KHUTh MOTYIECHHBIH BEKTOp —b ¢
BEKTOPOM d TIO TIPaBWITY MapajuiesiorpaMmma.

c=a-b Ipumep: Ha clemyIOMEM PUCYHKE HAPHCO- Y .M
BaHBI pa3Hble BEKTOPHL. HaliTH BeIMYMHY CyMMBI M BEJIMYMHY PAa3HOCTH Bek- 15 ﬁ 7
TopoB b u I . 14 \a P
C y4eToM HampaBJIeHMsI 33JaHHbIX BEKTOPOB UX MPOCKLIUH PABHBI 13 N g yd
bx:2M;by:—3M;hx:2M;hy:4M.TOF,Ha 12 K
NG W
- - 2 X
=1 (o 0, =202 o (3 =907 =42 TN
~N
—~ - 2 2 2 2 8 A\ \ = [ L o
5] = (b =) +(by =y =(2-2) +(3-4) =B =7 w. \D \i 2
7 v ]
6 > >
3aoanus: 5 = > v u
a n
4 / =
HaiiTi BeTMuMHY CyMMBI M Pa3HOCTH BeKTopoB W u [ ; du t; 3 3 / P t
¢ ¥ U (wnu mo00i Ipyroi napsl BEKTOPOB 110 YKa3aHHUIO NPETIOaBaTEs). 2 2 \
! 3 X ,M
0
2.2.3. Crkanspuoe npoussedenue Gexmopos. Buviuucnenue yena 1234567 8 910112131415

MedHcOY 8eKmMopamiu.

BekTop M0OXHO YMHOKHTH Ha JII0OYI0 cKalsipHylo ¢yHKuuio win unucio C . IIpu 3ToM Bce MpoeKLuH BEKTOpa YMHOXa-
I0TCS Ha 3TO YHCIIO, OH HE MEHSET HAIIPABJICHHS, a €0 AJIHHA Bo3pacTaeT B C pa3s:

Cd = iCay + jCa, +kCa,|, ||Cd|=C\la; +a} +a |.

Ho moxnO NEPEMHOKATL BEKTOPHI. CkaJsIpHBIM IIPOU3BEACHUEM JIIOOBIX JABYX BEKTOPOB d u b Ha3bIBaeTCs CKaJIsIpHasi BEJIN4YU-

Ha, TIoJTy4aeMasi CyMMHPOBaHHEM ITPOM3BEACHUI TPOEKLNIT BEKTOPOB: |d [b = (&b) =ayb, +ayb, +a.b,

OIHOBPEMEHHO CKaISIPHOE MPOU3BEICHNE MOKHO BBIYHUCIHUTE, 3Has YToJI O MexIy BEKTOpaMH M X BEJMUHHEL: |d [h = abcosB)|.

Ecnu npupaBHATE 9TH BBIPAXKESHUS, MOXKHO ONPEIETUTh YTOJ MEX/Y BEKTOPAMH, 3HASI UX MPOEKIIUH HA OCH KOOPIUHAT:
ﬁ[j; ab, +ayb, +a,b,

cosB = >y = y Y
a 2 2 2 2 2 2

\/ax +ay +a; D{/bx +by +b;

IIpumep: HalineM BEIMUMHY KOCHHYCA YIila MEeXIy BEKTOpaMH d U b na pHcyHKe JJ1s1 KOTOPBIX poeKuuu b, =2 M;
acb, +ayb, 202+4 [q

\/a +a E{/b2+b2 V22 +47 3122

by=-3m;a,=2m; a,=4m.Torna cosB =

=—0,496 (Ha puCyHKE BHUIIHO, YTO




3T0T yron O = arccos (—0, 496) =119,7° tynoi).

3aoanus:
HaiiTH BeTMYHHBI YITIOB MEXTy BekTopaMd W u [ ; d 1 t; € M U Ha pucyHKe (MM JTF000# IPyToii mapsl BEKTOPOB IO YKA3aHUIO
MpenoaaBaTers).

2.2.4. BexmopHroe npousgederue 08yx 6eKmopos u e20 HanpasieHue.

BekTopHbIM IIpou3BeIcHHEM JIFO0OBIX JABYX BEKTOPOB d u b Ha3pIBaeTCs BCKTOD, KOTOpLIﬁ BBIYUCJIACTCA KaK OIIpEAC/In-

TEJb MaTPHUIIBI, Y KOTOPOH TIEPBYIO CTPOUYKY COCTABIISIIOT OPTHI i, j,k , BTOPYIO CTPOYKY — IMIPOEKIMH MEPBOTO BEKTOPA, TPETHIO

CTPOUYKY — IIPOCKIUU BTOPOT'O BEKTOPA. Ha,uo IMMPOCTO 3alITOMHUTL MTpaBUJia BEIYUCICHUS TaKoOM KOM6I/IHaHI/II/IZ

i J ok
[d,lﬂ =det|a, a, a,|= lT(abe —azby)+ j(asz —flxbZ )+E(axby —aybx) .
bx by bz Z[ﬁ,l;L Z[ﬁ,bL :I:a’};:|z

UtoObI HE TyTaTh 0003HAYCHNSI, BEKTOPHOE MIPOM3BEACHUE IPHUHATO 0003HAYATh KBAIPATHBIMU CKOOKaMH, a CKaJIsIpHOE MIPOU3BE-
JIeHHE — KPYTIIBIMH CKOOKaMi. MHOKUTENH, CTOSIIME TIPK OPTax i, j,k OyIyT COOTBETCTBYIOIMMH MPOEKIUSIMH BEKTOPHOTO

MIPOU3BEACHUS Ha OCH KOOPIMHAT.
3aMeTHM, 4TO MpH N3MEHEHNH TOPSIKA BEKTOPOB CKAISIPHOE MPOU3BEICHNE HE N3MEHSETCS, & BEKTOPHOE IPOU3BEICHIE

MEHSIET 3HAK: (Zz Ell—v) = (5 E&) ; [d,l;] = —[l;,d] .

Benuumaa (MOIyb) BEKTOPHOTO MPOM3BEICHNUS BEIPAKACTCS Uepe3 BEIMUUHBI BEKTOPOB U CHHYC yriia 6 Mexmy HUMH:

‘[&,b] = absin 8. KocuHyc 3TOT0 € yriia BBIpaXKaJICs 4epe3 CKASIPHOE POU3BEACHHE BEKTOPOB.

BexropHoe mpousseneHue [Ez,b} — 9TO BEKTOp, HAaIlpaBJIEHHbII NEePIEHANKYJISPHO BeKTopaM d U b . Hanpasnenue
9TOr0 BEKTOPA MOKHO ONPENEIUTh ABYMS MIPOCTHIMU MIPAaBUIAMU:

BexkropHoe npousBeneHne [d,b} — 3TO BEKTOp, HANPaBICHHBIN NIEPIICHIUKYIIIPHO BeKTOpaM d u b . Hampasienwue

9TOTO BEKTOPA MOKHO OTIPENICIIUTH IBYMS MIPOCTHIMH ITPAaBHIIAMH:

o

- =
1) npaBmio “BUHTA” — BUHT CTaBUTCS B KOHELl BTOPOTO BEKTOpa b M BpaIlaeTcs 1o Ha- a a
IIPaBJICHUIO TIEPBOT'O BEKTOPa d . BUHT OyeT mi 3aKkpy4nBaThCsl, WIN BBIKPYYHBATHCS. Q% — =
Hanpasnenue n1BuKeHUS BUHTA COBIAJAET C HANIPaBJIEHUEM BEKTOPA; = b
2) mpaBuio “NIeBON pyKH~ — YETHIPE Majblia JI€BOI PyKH HANpaBIIAIOT BAOJb NEPBOTO b \L (G “b’] i’ (5 Z]
’ a ,

BEKTOpa @ , BTOPOH BEKTOpP b BXOAWT B JaJI0HB. BOJNBIION masiel moKa3pIBaeT HAIIPaB-

JIEHUE BEKTOpa [Ez,l; J (CM. PUCYHOK).

IIpumep: HaliieM BEMTUYMHY BEKTOPHOTO NPOU3BEACHHS U CHHYC yTJla MEX/y BEKTOpaMH d W b Ha pUCYHKE, U1 KOTO-
pbix npoekuuu b, =2M; by ==3M; a, =2Mm; a, =4 m.Takkak a, =b, =0, T0 U3 NpUBEICHHOMU BbILLIC HOPMYIIbI

[Ez,l; ] =k (a xby -a ybx) =k (2 [ﬂ—3) -4 EI) = —14k . Kak U CIIC0BAIIO O3KHIATH, STOT BEKTOp HAIIPABJICH IIPOTUB OCH Z, IIEPIICH -
KYJISIPHO BEKTOpaM d | b , NeXaIUM B IIIOCKOCTH xy. Ero Bemanna ‘[Ez,g ]‘ =14 m>.

[ap] . 14
\/af +aj El/bf 02 22442 51/22 +(-3)

sin> 0 +cos” 0= (0,868)° +(=0,496)" =1

sin@ = =0,868 . Eciut yuecTh pe3ysbTaT NpeabLAyIIero IPUMepa, TO

3aoanus:
Haiiti BeKTOpHBIE Ipon3BeieHHs BeKTopos W [ ; d u € C u Ui Ha pucyHke. HailTi CHHYCBI YITIOB MEX/y STUMH BEKTOPAMH.
(vmm 000 IPpyTO# Mapbl BEKTOPOB 10 YKa3aHUIO TPETOAaBaTENs)

3ansatue 2. Tema: Matemaruueckuid annapar pu3uKkn: Npou3BoOAHbIE B (PU3UKe,
NPOM3BOJAHBIE OT YJIEMEHTAPHBIX QyHKIMI

2.3. Boiuucnenue npou3go0HbIX Om QYHKYUIL.
2.3.1. Onpeoenenue npouszsoonvix. IlpouzsooHvle 0m KOOPOUHAMbL U CKOPOCHIU.



2.3.2. IlpoussooHbie om 3/1eMeHMAPHBIX QYHKYUIL.

PaCCMOTpI/IM JBMKCHHC 4YaCTHIIbI BAOJIb OCHU X. Ecnm ona JABUIKETCSA paBHOMEPHO C

MIOCTOSIHHOM CKOPOCTBIO (x =v xt) , TO Tpa(yiK 3aBHCUMOCTH KOOPAHMHATEI X OT BPEMCHHU [ —
X —x IMx

=22 1 =" Ho yro0 ne-
t2 - tl At

J1aTh, €CJIU ITOT IpaMK — KpUBas JMHUA U CKOPOCTb V, MEHSETCs CO BpeMeHeM?

npsaMmas JuHUsA, a CKOPOCTb MOKHO BBIYHCIIUTH IO Q)opMyne Vi

3a oueHb Masoe Bpemsi Af YacTHIla CMEIIACTCs HAa OYCHb Mayioe pacctosiHue Ax , HO
rpaduK 3aBUCHMOCTH X OT f 32 TAKOE€ BpPEMs IPAKTUUECKH HE OTIMYACTCS OT MPSIMOH, KaK IOKa3aHO Ha pucyHKe. [loaToMy MOXKHO

. Ax .
OpUMEHUTH (GOPMyYITy PaBHOMEPHOTO IBIXKEHHA: v, = lim (K . Takoe BbIpakeHHE HA3bIBAETCS] MPOU3BOJIHON HYHKIUU x(t)
Ar -0 !

10 TepeMeHHoH ¢ . beckoHeuHo Mamble u3MeHeHus BennunH Ax n Ar HaspiBaroTcs auddepeHnmanamMy BETUIUH X U ¢ .

HpOI/I?)BO,HHI)IG HCO6XOHI/IMLI JIIsL BBIUMCIICHUN (1)I/I3I/I‘~ICCKI/IX BCJIMYHMH B TOM CJiy4ae€, KOr'ia OIMUCBIBAIOIINEC UX (byHKIII/II/I 3aBUCAT OT
MCHAIOMUXCA ICPEMEHHBIX U CaMU MCHAIOTCA MO JIlOﬁOMy 3aKOHY.

To4HO Tak e ompenensercs Mpou3BoaHAs 000 GyHKIUU y = f (x) nepe- y

MeHHOI x . IIpom3BogHyio 0003HAYAIOT IITPUXOM, YKa3blBas BHU3Y (MHAEKCOM) mepe-

N N kacaTtenbHast
MEHHYIO, 110 KOTOopo# Oepetcs mpousBonHas. Ho B ¢u3myeckux 3amavax e€ jiydie 000-
_dy _ Ay
3Ha4YaTh Kak OTHOIICHHE TU( HepeHIIHAOB: V' =—= lim —|.
dx  Ax-0Ax

U3 PUCYHKa BUACH TEOMETPUYCCKUN CMBICII IIPOU3BOIHOM:

¥, '~ 3TO TAHICHC yIla MEXIy KacaTelbHOU K rpaduky GpyHKnnm y = y(x) 1 OCBIO

X B TOU TOYKE, B KOTOPOW BBIYUCIISIETCS MTPOU3BOIHAS. |

MoOXHO BBIYHCIHUTH MOPOU3BOAHYIO OT HpOPI3B0,HHOﬁ. HanpnMep, BbIYUCJIIUTL MPOU3BOJAHYIO OT HOJ'Iy‘IeHHOﬁ (byHKIlI/II/I

. Av, ) _dv,
CKOpOCTH: a, = lim = . OTO — YCKOpPEHHE YaCTHIIbI.
A0\ Ar dt

HOBTOpHLIe MPOU3BOAHBIC TPUHATO 0003Ha4aThH ﬂBOﬁHLIMH HITpUXaMu UK CICAYOIIUM 0003HAaYECHHEM B LlH(l)(i)epeHIII/IaﬂaXZ

. d(dy/dx) d?
(yx')xvzyxx nim (;}i )=dx_§)

Yy 1O MepeMeHHOo# X WM “I3 JIBa UTPEK M0 19 UKC ABAXKIBI”).

(‘-II/ITa}OT 9Ty MaTEMAaTHYECCKYIO 3allUCh TaK: MPOU3BOAHAA BTOPOIo NMopsajaKa oT (l)yﬂl(l.lﬂﬂ

IIponsBoaHble OT NPOCTHIX (HYHKUUIT MOXHO HE BBIYHCIATH, & HCIIONb30BATh UX BBIPAKCHUS U3 CIEIyIoLIed TaOInIbl
(Bcromy O = const — 1100as1 MOCTOSTHHAA BeJIUYMHA, Koraa O =1 ¢yHKONU OyIyT 3IEMEHTAPHBIMHA):

DyHKIUSA [TpousBoaHast GpyHKIUH DyHKIUSA [TpousBosHast GyHKIMH
y=a=cons = (eonst) =0 v=ig(ar) = (ie(an) =—5—
cos? (O(x)
— [ o () P a-1 = o
y=x y—(x )—O(x y ctg(O(x) '=(cte(a =
Y ( g( x)) sin? (otx)
y =™ =exp(ox) y':(eax)'=0(eax y = arcsin (ax) y':(arcsin(O(x))'= d
1—(0()c)2
y:ax y':(ux)'qulnu y:arCCOS(C(x) y':(arccos(ax))':——q
1—(0()c)2
y:ln(dx) y'=(ln(0(x))'=l y:aI‘Ctg(C(x) y':(:«,u‘ctg(C()C))':L2
X 1+(O(x)
y=sin(0(x) y':(sin(ax))':acos(ax) y=arcctg(0(x) y':(arcctg(ax))':—L
1+(0(x)2
y:cos(O(x) y'=(cos(0(x))'=—0( sin(O(x)

CienyeT HOMHHTB [IPOCTHIE IPABUIIA:
1) HpI/I BBIYHUCJIICHHUN HpOI/I?)BO[[HOﬁ oT q)yHKHI/H/I, yMHO)KeHHOﬁ Ha KOHCTaHTy, KOHCTAHTaA BBIHOCHUTCA 34 3HAK HpOI/I?)BO[[-
d(ay(x)) _ o,

HOIL: (O(y(x))'=0(y' WM Y E;
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2) Mmpou3BoJHas OT CyMMbI WX PA3HOCTU [ABYX HUJIM HCCKOJBKUX q)yHKIII/Iﬁ paBHa CyMMC WJIH PA3HOCTU HX MPOU3BOA-

HBIX: (yl (x) *y (x) i...)‘ = ()’1 (x))'i (y2 (x))'i... .

3aoanus:
1) KoopaunaTta TOUKH, IBMXKYILIEHUCS 110 IPSIMOM JIMHUH, MEHSIETCSI CO BPEMEHEM { TI0 3aKOHY

x =161 —=8r* +6r° —=241* +20r +200 , rae x u't U3MEPSIIOTCS B METPAX U CEKyHJaX COOTBETCTBEHHO. BhIuuciss mpous3BoaHy!o,
HaWTH 3HaUYEHHE NPOEKIMK CKOPOCTH V, 3TOH TOUYKH (B M/C) B MOMEHT BpeMeHH ¢ = 1 c.

Ortser: 38 m/c.
2) KoopauHnarta TOYKH, ABIXKYIIEHCA MO NPAMOM TMHUYU, MEHSIETCA CO BPEMEHEM ¢ TI0 3aKOHY X = 2C0S (t) +3sin (t) ,raex ut
U3MEPAIOTCS B METPAX U CEKYHJIAX COOTBETCTBEHHO. BBIUMCIISIA NPOU3BOIHYIO, HANTH 3HAUE€HUE NPOEKLIUH CKOPOCTH V, 3TOH

TOYKH (B M/C) B MOMEHT BpeMeHH ¢ = 1 c.
OtserT: -0,062 Mm/c.

3) ®yHKIMA y 3aBUCUT OT IEPEMEHHOM X IO 3aKOHY Y = 2exp (x) —3tgx+4In x. Haiitu 3Ha4eHue Npon3BOIHOM 3TOH (QyHKIUH

mpu x=1.
Ortser: -0,84.

3ansaTue 3. Tema: MareMaTn4yecKknii annapart (pu3MKH: NPOM3BOAHBIE OT CJ0KHBIX QyHKIUH
U NIPaBWJIA UX BbIYMCJIEHUS, IKCTPEeMYM (PYHKIIHIA

2.3.3. Ycnosus skcmpemyma @yHkyuii

[IpoBeneM HECKOJIBKO KacaTeNlbHbIX K rpaguKy QyHKIMU y = y(x) (Ha pUCYHKE OHHU

0003HaueHBI IITPUXOBBIMH JIMHISIMHK). B Toukax, rae pyHKIHS y pacTeT ¢ pOoCTOM TepeMeH-

HOI X, yroJI HAKJIOHA KacaTeNnbHol kK ocn x Menbine 90° u npowsBonnas y,'=tgd >0, aB

TEX TOYKax, rae GpyHKIus y yOBIBACT C pOCTOM MEPEMEHHON X (C( "> 900) , €€ MMPOU3BOHAs

v, =tga'<0. T.e. c 1OMOIIBIO IPOU3BOAHON MOXKHO aHATU3UPOBATh IOBEACHNE QYHKIIMU:

€CJIM TIPOU3BOHAS MTOJIOKUTEIBHA, TO B 3TOH TOUYKE (PYHKIUS BO3PACTACT, & SCJIM OTPHULIATENIFHA — TO YOBIBACT C POCTOM
[IepEeMEHHOM.

Touku, rae GyHKIUS TOCTATAET MAKCUMAIHLHOTO I MUHIMAJIBHOTO 3HAUYCHUS Ha3BIBAIOTCS TOUKaMH SKcTpeMyma. Kak
BHIHO M3 PUCYHKA, B 3TUX TOYKAX yrojl HAKJIOHA KAacaTeIbHBIX K OCH X PaBeH HYIIO U MPOU3BOAHAS (YHKIIHH TOXKE PaBHA HYJIIO:

v, '=tg0°=0.
VYcnoBueM skcTpemyma GyHKIHH (€€ MaKCHMAILHOTO WJIM MHHUMAaJIHHOTO 3HAYCHUs) OyIeT paBeHCTBO HYJIIO
€€ MPOM3BOTHOM:. ﬂ =0, rae x,, — TOuKa SKCTpeMyMa
M =x,

C 1OMOI1IBIO TIPOU3BOTHOM MOYKHO TAaKXKe OIIPEAEINTh KaKkoil OyaeT BearMyrHa QYHKIMN B TOUKE SKCTpemyMma. [iist aToro
B OTOW TOYKE HAJO0 BBIYUCIHUTH BTOPYIO IIPOU3BOJIHYIO OT UCCIEAYeMOM (DyHKIIHMH:

d? y d> y
e —- <0, 10 X,, —TOYKa MakcuMyMa QyHKIHUU; €CIU — >0, 10 X,, — TOuKa MUHUMYMa (YHKIUH.
x| _ dx”| _
X=X, x=x,

Ilpumep: BBIYUCTUT, MUHAMAITLHOE U MaKCUMaIbHOE 3HaYeHHEe QYHKINH Yy = x* =3x% —9x B oGmactu —-1,2< x<3,2.

dy d(x3) d(xz) d(x) _, »
W3 ycnoBus skcTpeMyma —— = r -3 ra -9 e =3x"—6x—9 =0 . Pemenne 3TOro KBaApaTUIHOTO YPaBHEHUS
X

— TOUYKH 9KCTPEMyMa X, =3 " X, = —1. Bropas npon3BosHast OT BBIYUCICHHON (QYHKINU NIEPBOH MPON3BOIHOMN

d*y _d(dy\_d d?
4y —(—yj = —(3x2 —6x—9) =6x—6.Ona paBHa 2 =63-6=12>0 (ycinoBue MUHUMYyMa) B TOUKE
A de\dx) dx 2
X:Xml
X =X, =3, vae uccnenyemas pyHKINS IMECT MUHUMAIBHOE 3HAYCHUE Y = xml3 - 3xm12 -9x,, =27.1
d? y
— =6 Eﬂ—l) —6=-12<0 (ycmoBue MakCUMyMa) B TOUKE X = X,,» = —1, T1e ucciaeayemas QyHKINS HMEET MaKCHMAaIIb-
X:sz

3 2
HOE 3HAYCHHUE Y0y = Xyo. — 3%, —9%,0 =+5.
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3aoanus:
1) BeraucimmTh MUHIMAIEHOE U MaKCHUMaIbHOE 3HaYeHUEe PYHKIMH y = 3x® =3x% =3x B oGmactn —0,5< x<1,5.
Ortser: -3; 0,556.

2.3.4. Ilpasuna eviuucienus npouzBoOHbIX OM NPOU3EEOeHUsT UTU YACMHO020 08X Qyukyull. [Ipumepvl u3 Kunemamuxu
NPAMONUHEIIHO20 OBUNCEHUS.

Yacto mMpOU3BOAHYIO MPUXOIUTCS BBIYUCIATH OT NMPOU3BEICHHUS WM OT YacTHOTO IBYX WM Oojee QpyHKnmil. B sTom
CiTydae HaJ0 MOJIb30BATHCS CICIYIOIINMHE ITPABHIIAMH:

1) mpousBojHas OT NPOU3BEACHUS f(x) Eg(x) paBHa |(fg)' = f(g)'+g(f)‘| WA % = f%+ g%

YMHOKEHHAs Ha IPOM3BOJHYIO BTOPOH (YHKIINH, TUTIOC BTOpask PYHKIHS, YMHOKEHHAS T1a IPOU3BOJAHYIO IIEPBOK);

(x) (f)-1(s) ol
f x g _ g [ d
2) npou3BOJHAs OT YaCTHOTO paBHa A ':—2 Wi |— A :M
g(x) g g dx\ g g
HA OPOMU3BOJHYIO YUCIUTENS, MUHYC YHACIUTENb, YMHOXKEHHBIN Ha MPOU3BOJHYIO 3HAMEHATENs, U BCE JEIEHHOE Ha KBaJIpaT 3Ha-
MEHATEJIA).
Ipumep I: KOOpAMHATA TOYKH, ABUKYILEHCS 110 MPSIMOM IMHUY, MEHSAETCS CO BPEMEHEM f IO 3aKOHY

(nepBast GyHKIWMSA,

(3HaMeHaTelb, YMHOXKEHHBII

. (T o
X = (4:2 - 3t) [€in (th ,TIE X W ! U3MEPAIOTCSA B METPAX M CEKyHJAX COOTBETCTBEHHO. HaliTh 3HaueHME IPOEKIIMU CKOPOCTH V

9TOM TOUYKH (B M/C) B MOMEHT BpeMeHH t =2 C.
[Tpon3BOAHYIO MOXKHO BBIYHCIATE TI0 JTFOOOH MEpeMEHHOM COTIIACHO 3allMCaHHBIM IMpaBmwiIaM. Hamo Tonbpko BMecTO Tie-

. dx .
PEMEHHOH X B JaHHOM IPUMEpPE UCIIOIb30BATh MEPEMEHHYIO . Tak Kak v, = R TO TI0 TIPABWITY BBIYHCIICHHUS TIPOU3BOIHOM OT
t

npousBefeHus QyHKIME v, = (4t2 —3t) [—Ij—t sin (;tj +sin G[zj%(mz —3t) = (4t2 —3t) %[cos(;tj +sin (;tj [Q4 2 - 3) . Io-

CJIe TIOJICTAaHOBKHU ¢ = 2 moisydaeMm v, =13 m/c.

3ameuanue: BO BCeX 3alaHMSIX apTyMEHTaMH TPUTOHOMETPHUYECKHX (YHKIHMH OyIyT YTIIBI, BRIpaXCHHBIE B pa-
AMAHAX, YTO HAJO yYUTHIBATH MIPH UCIIOIB30BAaHIH KaJbKYIATOPOB!

2
. " —2t
Hpumep 2: KOOpJMHAaTa TOYKHM, ABMIKYILICUCS IO IIPSIMOM JIMHUHM, MEHSAETCS CO BPEMEHEM f 110 3aKOHY X = T racx
t

Ut U3MEPSIOTCA B METPaX M CEKYH/IaX COOTBETCTBEHHO. BbIuKciiss Mpon3BoAHYI0, HAWTH 3HaYE€HHE MIPOEKIMU CKOPOCTH Vv, ITOH

TOYKH (B M/C) B MOMEHT BpEMEHH ¢ = 2 C.
Bocnonp3yemcs paBuiIoM BEIYUCICHHS IPONU3BOTHON OT YaCTHOTO:

L _d 3_2t§ :(2—3;2)%(3—2#)_(3;2#)%(2—3;2):(2—3#)[q_z[zt)—(3;2;2)[q_3m)' Hoote. mosera.
dr dt\ 2-3 (2-3) (2-32)

HOBKHU f =2 moxy4daeM v, =0,2 m/c.

3aoanus:

2t—-3
32 =21+3
PSIIOTCSL B METPaxX U CEKyHJaX COOTBETCTBEHHO. BEIYMCIISIS IPOU3BOHYIO, HATH 3HAUCHHUE IPOSKIUH CKOPOCTH V, TOH TOUKH

1) KOOp,HI/IHaTa TOYKH, ,HBH)KyIIIeﬁCH 10 HpﬂMOﬁ JIMHWH, MCHSCETCS CO BPEMEHEM [ II0 3aKOHY X = ,Tex ut uMe-

(B M/C) B MOMEHT BpeMeHH ¢ = 2 C.
Otset: 0,099 m/c.
. . 2 [éxp (t)
2) KoopanHara TOYKH, ABMKYIICHCS 1O MPSIMOM JIMHAH, MEHSICTCS CO BPEMEHEM / T10 3aKOHY X = EEYEEE rae x ut u3Mmeps-
t+
I0TCS B METpax U CeKyHJaX COOTBETCTBEHHO. BbIunciIas IpOU3BOAHYIO, HATU 3HAUEHUE IPOEKIUU CKOPOCTH V, 3TOH TOYKH (B

M/C) B MOMEHT BpeMeHH ¢ = 1 ¢. OTBET OKPYTIUTH 10 TPEX 3HAYAIIHNX ITUPP.
Ortset: 1,36 m/c.

tg (1)

METpax U CEKYHJAaX COOTBETCTBCHHO. Brruuchsas MMPOU3BOAHYIO, HAaWTU 3HAUYCHUE IIPOCKIHUHU CKOPOCTH V. 9TOU TOYKH (B M/C) B

3) KoopmuHata TOYKH, IBHXKYIIEHCS IO IPSIMON JTMHUH, MEHSETCSI CO BpEMEHEM ¢ TI0 3aKOHY X = ,TIe X WUt U3MEPSIOTCS B

MOMEHT BpeMeHH ¢ = 1 c. OTBEeT OKPYIIINTH 0 TPeX 3HAYAIInX IUPP.
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Otset: 11,7 m/c.

2.3.5. Boiuucnenue npouzgooHot om ciodicHou @yuxkyuu. Ilpumepoi.

Jlo cux 1Op BBIYMCIISUINCH ITPOU3BOIHBIC OT NpOCTEHIINX (31eMeHTapHbIX) GyHkuuit. Ho uccnenyemast GpyHKIuS MOXKET

ObITh ciokHOU (hyHKIUS f , 3aBUCSIIAst OT Apyrod GyHKIMU g ): y = f ( g (x)) . B aToM ciryuae nonb3yeMcs ClIeyromuM npa-

BUJIOM: 0003HayaeM BTOPYIO (QyHKIHIO-apI'yMEHT HOBOH IIEpEMEHHOM, HaNpuUMep g (x) = z. Toraa npou3BoJHas CIOXKHOU

. i _df(z) 7 _df(z)| dg(x)
¢dyHKIIMN OyAeT MPOU3BeIeHUEM MIPOU3BOIHBIX OT IBYX MPOCTHIX (HYHKITHH: o ( f (g (x))) s % =~ 4 it

z=g(x)

3ameThTe, Kak MPOCTO BBIBOAUTCS dTa GOpPMYIIa, €CIIH 3alMChIBATh IPOU3BOIHYIO Yepe3 AU depeHIInabl, KOTOpbie ObUTH 00aB-
JICHBI U B YHCJIUTENE, U B 3HAMEHaTee!

1
Ilpumep I: BEIYUCIUTH IPOU3BOIHYIO QyHKIHH | (x) e
x2 + O(2
OTy QYHKIHMIO MOKHO NPEACTABUTH KaK f (z) =72 ,rae z= x> +0a’. Tora B COOTBETCTBUH C 3aIMCAHHBIM MpaBHU-
d(z_l/z) d(xzi-cxz) -3/2
oM ﬂz_ﬁ:—12_1/2_1—:—1()6210(2) Rx=- o
dx dz dx 2 dx 2

x“xa

IIpumep 2: BBIYUCIUTH MIPOU3BOAHYIO QYHKINH [ (x) =sin (exp(x)) BTOYKE X =1.

d(sin z) Dd (exp(x))
dz dx

CoriacHO NPaBUITy BBIYHCIICHHS TIPOU3BOJHOM OT CIIOKHOW (YHKIIMN I = ,rne z = exp(x) . Io-

=-2,48.

ITOMY % =cos z [@xp (x) =cos (exp(x)) Exp(x) . [Hocne noxcranoBku x =1 nosryuaem %
x=1

Ilpumep 3: BEIYUCIUTH IPOU3BOIHYIO QyHKIHH | (x) =In (sin (x2 - 2x) + x3) B TOuke x =1.

CoriacHO MpaBwiTy BEIYHCICHUS IPOU3BOTHON OT CIIOXKHON (QYHKITUI

df _danDd(sin(xz—Zx)+x3) _dlnz d(sinu) Dd(xz—Zx)+d(x3)
& dz dx T dz du dx dx

, TIe u=x -2x; z:sin(xz—Zx)+x3.

Vcnonp3ys Ipou3BOIHEBIC SJI€MEHTAPHBIX (DYHKIMHA, IPUBEICHHBIC B TAOJIHUIIE, HAXOIIM

ﬂ:l[@cosu[@x—z)+3x2) :%[@cos(xz —2x) [ﬂZx—2)+3x2), YTO J1aeT %

de z sin(xz—zx)+x =18,92.

x=1

3aoanus:
)2
1) KoopnuHata TOuKH, ABWXKYIIEHCS O IPSIMON IMHUH, MEHSIETCS CO BPEMEHEM { 110 3aKOHY X = (2t + 1) [ﬁcos(ztjj ,raex ut

U3MEPAIOTCS B METPAX U CEKYHJIAX COOTBETCTBEHHO. BBIYMCIISIA NPOU3BOIHYIO, HANTH 3HAUEHUE NPOEKLIUH CKOPOCTH V, 3TOH

TOYKH (B M/C) B MOMEHT BpeMeHH ¢ = 1 ¢. OTBET OKpYIIIUTH JI0 TPEX 3HaYaIuX Iudp.
OtBet: - 1,36 Mm/c.

2) Berauciuth npou3BoAHyto GyHkuun f (x) =sin (ln (x)) B Touke x =1.
Otser: 1.
3) BeraucauTh npou3BOAHYIO GYHKIUU [ (x) =In (ln (x)) B TOUKEe X =2.

Otset: 0,721.
4) Haxonsce Ha paccTosiHun A = 90 M OT IPSIMOTO yYacTKa MIOCCE, YSIOBEK YBHUIICT HA HEKOTOPOM yaa-

JICHUM TaKCH, MPpUOIIDKAoLeecs: K HEeMy I10 [I0cCe cO CKOPOCThIO v = 46,8 km/4ac. YenoBek OeKHUT co e |

CKOPOCTBIO Vo= 18 kM/yac B Takylo Touky C Ha mocce, B KOTOPOH OH OKa)KETCsl C MaKCHMAJIbHBIM OT1e- h -

PEKEHUEM TI0 BPEMEHH 0 OTHOIIEHMIO K TakcH. CKOJIbKO cekyH[ Oyner OexaTh yenoBek 10 Touku C? v,
Ortser: 19,5 ¢

5) CHOpTCMCH-OpI/IeHTI/IPOBHII/IK JOJDKCH OexaTh U3 ITYHKTa A, Haxoadmerocda Ha npsiMmomM aC(l)aJ'ILTI/I- A

POBAaHHOM IIOCCE, B IYHKT B, pacnooxeHHbI nocpeau NecyaHoro nojs Ha pacCTOSHUM @ = 3 KM OT = =<

mocce. CKOpocTh Oera CopTCMEHa 10 Iocce Vi= 5 M/c, a Mo Moo V,= 3 M/c. PaccrosiHue mo npsamoi .

Mexay nmynkramu AB = 5 kM. [IpoGerast paccTostHue X 110 II0cce, CIIOPTCMEH CBOPAYMBAET B TI0JIE (CM. "

PHCYHOK). 3a Kakoi HAaMMEHBIINI IPOMEXYTOK BPEMEHH OH MOXKET 100eXkaTh U3 MyHKTa A B IyHKT B? .
Otsert: 1600 cex
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3anstue 4. Tema: Matemaruyeckuii annapar GuU3MKN: HHTErPajbl
U UX MCI0JIb30BaHUe B (PU3UKe; HHTErPAJIbI OT JJIEeMEHTAPHbIX (PYHKIHU I

2.4. Bviuucnenue unmezpanos.
2.4.1. Onpedenenue unmeepana Kax niowjaou noo kpugou epagpuxa. Ilpumep KUHeMaAmMuKu HePaAGHOMEPHO2O U
He PAGHOYCKOPEHHO20 OBUINCCHUS.
2.4.2. Ilepgoobpasnas ¢ynxyus u eé npou3eooHas.
2.4.3. [lonamue o HeonpedenenHoM U ONpedereHHOM unmezpane.
2.4.4. HUnmezpanvt om 21eMeHmapHulx QyHKyul.

PaccmotpuM Temeps 00paTHyIO 3aja9y KHHEMAaTHKH: 110 W3BECTHOMY 3aKOHY U3MEHE-
HUSI CKOPOCTH 'V, (t) YaCTHUIIBI HaJI0 OTIPENICIUTh MPOHACHHOE €10 paccTosiare x . Ecmu

v, =const, TO 3aa4a pemaercs mpocto: x = v, . Ho 4To menarts, eciau cKOpoCcTs BCe BpeMs
MEHSIETCSI CO BpeMeHeM?

Pa300béM uHTEpBal BpeMEHH Ha OY€Hb Majible OTpe3KH OT ¢ 10 ¢+ /At , 3a KOTOpbIE
CKOPOCTb YaCTHIIbI MPAKTHYCCKH HE YCIICBACT U3MCHHUTHCS M MOXKET CYMTATHCS TOCTOSTHHOM.

Toraa MOXHO UCHOJIB30BaTh (POPMYILY PABHOMEPHOIO ABMXKEHHA Ax = v, (t) At — myTh, KOTO- L IV

PBIN IPOIAET YacTHIIa BIOJL OcH X 3a Bpemsi Ar. V3 pucyHKa BUAHO, YTO ITOT ITyTh paBeH
IUTOINAAH Y3CHBKOTO 3aIITPUXOBAHHOTO MPSMOYTOJIbHHUKA MO KprBoH rpaduka. CkiansiBas BCE TaKUE 3JICMEHTApHBIC TyTH, Ha-
XOUM CyMMapHO€ IepeMEIEeHHE YaCTUIBI 32 KOHEUHOE BpeMs £ <t <t,. OHO paBHO IUIOIIAJAH IIOJ

. X
rpa@uKoM CKOpPOCTH V, (t) . Takas momaap uiu GyHKIUS x = lim E Ax Ha3BIBAIOT HHTETPAJIOM OT J)
At -0

o )
byHKIMA v, (t) 10 TMIepEMEHHON ¢ W 0003HAYaIOT CHMBOJIOM HWHTETpaJa . X = '[ Vy (t) dt.
f

1
!
MBI onpeiesTuiii FeOMETPUYECK A CMBIC MHTErpaja OT JIt00oi pyHKun [ (x) 10 IEPEMEHHOU UHTEr- X, X

PUPOBaHUA X, KakK IUIOMAu rmof rpadgukoM GyHkumun f (x) (3amTprUXxOBaHa HA PUCYHKE):

X
J f ( x) dx = oAb Mo rpa KoM NOABIHTErPATBHON QYHKIHH. DTa IIIOM[Aalb 3aBUCUT OT IPEACIOB U3MCHCHHUS ICPEMCHHOM
X

MHTETPUPOBAHUA X; < X < X, , IOATOMY 3aIICAHHBIH BBIIIE HHTETPall HA3bIBACTCS OMPEACICHHbIM.

ﬂﬂﬂ OIIPCACIICHHOT'O HHTETpaia 00513aTeIIbHO YKa3bpIBarOTCS NPEACIIbI HHTCTPUPOBAHUA X U X) .

3amerum, 9to QyHKIUSA f (x) MOJKET IPUHUMATDH OTPHUIATeIbHBIC 3HaueHus. [ToaTomy

IUIOLIA/b 3aIITPUXOBAHHON 007acTH S' 1MOJ OCBIO X ( f< 0) HAJI0 B3STh OTPHUIATENBHOMN, a I10-

Ia]b 3aIITPUXOBAHHOM oOmacTu S" Hall OCBIO X ( f> 0) - MOJIOXKUTENbHON. Pe3yabTatT nunTerpupo-

X2
BaHUA U QyHKIINN, N300paKeHHON HAa PUCYHKE CJIeBa 3aITUIIETCS KaKk j f (x) dx=8"-S".
!

PesynbraT HHTETpUpOBaHUS BCET/Ia BRIPAXKACTCA B BHIIC HEKOTOPOH QyHKINH F (x) , KOTOPYIO Ha3bIBAIOT IEPBOOOpa3-

HOU fl}yHK!!Heﬁ. BrruuciaeHHbIN OHpe,HeHeHHLIﬁ HHTErpaJ 3alrcbiBaOT B BUAC PA3SHOCTU HepB006pa3HLIX q)yHKIII/Iﬁ JJI1 KOHCYHO-

X _
r'0 M Ha4YaJIbHOTO 3HAYCHUS IEPEMEHHON HHTEIPUPOBAHMS: J f (x) dx=F (x)|i_i2 =F (xz) -F (xl) (oOparute BHUMaHUE Ha
-—M
!

NPUHATYIO (OPMY 3aITUCH IPAHHL] HHTETPUPOBAHUS Nepel BBIYUCICHUEM TOIH Pa3HOCTH).
B ¢usnueckux n TeXHUUECKHX 3a7a4ax OOBIYHO BCTPEUAIOTCS ONPE/ICIICHHBIE HHTETPAIIBI, IIOCKOJIBKY HaJl0 HAWTH peliie-
HUE B ONPEAEICHHBIH MOMEHT BPEMEHU WU NIPU ONPENEICHHOM 3HAaU€HUH JPYTroi nepeMeHHO.

X
Ho MoxHO ocTaBUTh BEpXHHMI Mpeiel HHTETPUPOBAHUS HEOIPEACIICHHBIM: j f (x) dx=F (x) -F (xl) , T.€. UHTEpECo-
Rl
BaThCs, Kakod OyzeT rmiomanb moxa rpadgukom Gyakuuu f (x) JUTSI TIOOOTO MHTEpBaJIa U3MEHEHUS TIepeMeHHOH x . Takoi uHTe-

rpaJl Ha3bIBACTCA HEOMPEACICHHLIM U BBIYUCIIACTCA ¢ TOUHOCTBHIO 0 NOCTOSIHHOT'O CJIaracMoro (HOCTOHHHOﬁ HUHTCI [EI/I[EOBaHI/Iﬂ)Z

J. f (x) dx=F (x) +const|. [Ipenens! y HeonpeaeIeHHOT0 UHTErpasa He yKa3biBatoTca. CpaBHUBAS 3aIMCU ABYX UHTErPAOB BH-

JUM, 4YTO const = -F ()Cl) , KOHCTaHTa ONpPEACISICTCA U3 HaYaJIbHbBIX YCJ'IOBI/Iﬁ HUHTCTPUPOBAHUA (SallaHI/IeM HaYaJIbHON TOYKH X] )



dF(x)

Terpain): I

MaTtemaTiuaeckasi oneparisi HHTETPUPOBaHUS 0OpaTHA ONEPaIlii BEIYHCICHHUS IPOU3BOIHOM, TOTOMY YTO IPOHU3BOJ-
Hasl OT TepBOOOPa3HOIl (PYHKITNH BCeTa paBHA MOJBIHTETPATbHON QYHKINH ((HYHKINH, I KOTOPOIl BEIYUCIIAETCS WH-

:f(x).

Wurerpans! npocteimmx (31eMEeHTapHbIX) GYHKIMH HE HaJ0 BBIYUCISTE, UX MOXKHO HAiTH B CIIPaBOYHUKAX, U

OHU MPUBEACHBI B CICAYIONIUX Ta6J'II/IIlaX.

Tabmuua 1. Heon

peliesieHHbIe HHTErpaiibl (O — 1000 nocTostHHBIN KoddduienT, C — NOCTOSIHHAS HHTETPUPOBAHHU)

ITonsiaTErpaHHAS Heomnpenenennsiit uaterpan DOyHKUIMSL IIpowsBoaHas HyHKINH
GbyHKIUSA
y:(_]:c()nst J'adx:qx.l.c y= 1 J' dx :tg(dx)+c
cos? (cxx) cos2 ((;(x) a ’
X ¢g+m; rne n=0,£1,£2,...
— _ a+l
y=x%, a#-1 _[xudx"q+l+c V= 21(0() [ 2612( )=—Ctg((qu)+c,
sin X sm”~ (Ox
xZTn;tne n=0,x1,+2,...
y=e 0x=exp(ux) J‘ dez%+c y= qzl_xz Iﬁ_arcs1n x/d) c
roe -0 <x<ao.
y=a", 0>0una=l fotax= e y= 21 = f—zdx 2=lnx+\/u2+x2 +C
nd a“+x Va“© +x
y:l I—=ln|x|+C y= ! I )c+\/)c2 a? +C
X X x2 _ (12 / _ C(
TIae x2 > (12.
y =sin (O(x) ) cos (ux) _ 1 1 X
jsm(ax)dx o +C y_cx2+x2 '[0(2+x —O(arctg o +C
y:cos(cxx) sm(O(x) _ 1 d«  _ 1 |a+x
J cos (aux) dx g ¢ YT 2o 2 Iaz_xz_qunq_xJ'C
Tabymua 2. Onpenenexnsie HHTErpansl (O — 11000i NOCTOSHHBIA KOAQUIIHEHT)
IToxsiaTErpabHAS Heonpenenennsiit uarerpan DyHKUIMSL IIpowsBoaHas GyHKINH
byHKIISA
y =0 =const o _1 2
Jode=a(x-x) T [=
X X *
y=x", az-1 ’]gxadx: x2a+1 _x1a+1 y=sin(0(x) )]?Sin(ax)dx:cos(otxl)—cos(otxz)
3 a+l1 3 a
v =e™ = exp (o) )]g L g 02— 0N y = cos (ox) ?cos(ax) dx= sin (0x, ) —sin (o )
X a X a

Tax ke, KaK ¥ TIpY BBIYUCICHAHN IIPOU3BOAHOM, CIIEAyEeT MOMHUTH MPOCTHIE TIPaBHiIa;
1) mpu BBIYMCICHUN WHTETpaja OT (YHKIMH, YMHOKEHHONH Ha KOHCTAaHTY, KOHCTaHTa BBIHOCHTCS 32 3HAK MHTETpaja:

[ar (x)dr=a f(x)dx

2) UHTErpall OT CyMMbI HJIM Pa3HOCTH JABYX WJIM HECKOJIBKUX (DYHKIMH paBHa CyMMeE MJIM Pa3HOCTH UHTETPAJIOB:

3aoanus:

I(fl( )£/ (x)%

de= [ fi(x)dx [ fi ()

1) Yactuia Hayala CBO€ ABMKEHHUE BIOJIb OCH X U3 Hadalla KOOpAHUHAT, U MPOCKIUA €€ CKOPOCTH HAa OChb X 3aBHUCUT OT BPEMEHU

10 3aKOHY V, (t) = A =B’ ,rne A =4 m/c’, B =5 m/c*. Ha xakoe paccTosiHue OT Hauama KOOPAMHAT yAAIATCS YACTHIA B MO-

MEHT BpeMeHu ¢ =1 c?

Ortset: 1,08 M.
2) YacTuriia Hayajia CBOe IBMKCHHE BIOJb OCH X M3 Hadyaja KOOPIWHAT, U IPOCKIKs €€ CKOPOCTH Ha OCh X 3aBHCHT OT BPEMECHHU
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. t 1t o
TI0 3aKOHY V, (t) = Asin (—j —Bcos [—j ,tne A =2 wm/c, B=3 M/c, T=1 c. HaiiTh KOOpAMHATY X YACTHUIHI B MOMEHT BpeMe-
T T

Ha t =1 ¢? OrtserT: -1,61 M.
3) Beraucnute uaTerpan ot pynkuun y = Sexp(—2x)+2sin4x B mupemenax 0< x <1
Ortser: 2,99 M.

3ansatue S. Tema: MaTemaTuuecKuid annapar Gu3uKN: HHTErpPajibl U NPOU3BOAHbIE
OT BEKTOPHBIX QYHKIHI U MX NIPUMEHEHNE B KHHEMATHKeE

2.4.5. Hpaeuﬂa BbIUUCTIEHUA UHmMe2paloe Ont CIP10MHCHbIX d)yHKlﬂllZ 3AMeHA NEePEMEHHbIX U Npasulo uHmecpupoearus no
uacmsm. Hpumepbl U3 KUHeMAamuKu.

Jis BRIYHCTICHUS HHTETPANIOB OT OoJiee CI0KHBIX (QYHKINI HaJ0 TOMHHUTD ABa METOJA.
1) MeTo1 3aMeHBI TIEPEMEHHBIX.

WuTerpupoBaHue CIOXKHBIX (PYHKIIHA MOKHO YIPOCTUTH M CBECTH K MHTETpaJiaM OT NPOCTHIX (YHKIWH, TPUBEICHHBIX B
TabIUIAaX, €CIH ClIeNaTh 3aMeHy IepeMeHHoi. O0mero penenTa 34ech HET M 3aMeHa ITePeMEHHOH 3aBUCUT OT KOHKPETHOTO BUIA
moABIHTerpallbHOM GyHkIu. Ho npu 3ameHe nuddepenimana moa 3HaKOM HHTErpajia HaJo TOMHHTh, 9TO AuddepeHnnan GyHk-
U (HOBOH MepeMeHHOM) BEIUUCIISIETCS ¢ TOMOUIbIO €€ MPOU3BOIHOM:

df (x)= (dfjmix fil

Ilpumep I: BEIYUCTUTH UHTETPAT OT PyHKIMA [ (x) = exp(x4) Bmpenenax 0<x<1.

4
d| x 1 N
3amedaeM, 4TO dx =E v dx=—d (x4). ITosTOMy, nenast 3aMeHy MEPEMEHHOW y = x* nox snakom HHTETpaNa u
X 2
1
BBIHOCS 32 3HAK MHTErpaja MOCTOSHHBI MHOXHUTENb 1/4, mOXy4uM j f dx j exp(x Z j exp dy B npenenax
N N M

MHTErPHPOBAHUS TOKE HAJA0 CAeIAaTh 3aMeHy nepeMeHHOﬁ: » = x14 =0, y» = x24 =1*=1. ITomyunncs uHTErpal OT Mpo-

I _exp (1) —exp (O) _
cToi (PyHKIINU, KOTOPHIH HAXOAWM B TaOJIHIIE: J- f dx —J.exp dy == 4 - 4,296 .
0 0

IIpumep 2: BBIYUCIUTH UHTETPAN OT QYHKIUH [ (x) = BOpenenax 2<x<4.

xn* x
dx _ d .

3amedaeM, 94TO — =a(ln x) Ldlx = d(ln x). [MoaToMmy, menas 3aMeHy MEepeMEeHHOH Y =Inx moj 3HaKOM HWHTErpaja u
X

MIOJICTaBIISAS] HOBBIE Mpe/ieNbl MHTerpupoBanust y; =Inx =In2=0,693 u y, =Inx, =1In4 =1,386, Haxonum

X _4+1 Y=y
jf j & = [ (inx)"d(nx) = jy =-1 %—% =0,876.
ln x X X 4+1 y=y, 3y i
_ COS()C)

IIpumep 3: BBIYUCIUTH UHTETPA OT QYHKIUH [ (x) BOpegenax 0,5<x<I.

sin® (x)
d, . . . .
3aMeuaeM, yTo cosx [dlx = E(sm x) Lix=d (s1n x) . [HoaTomy, nenast 3aMeHy MEPEMEHHON Y =sinx MOJ 3HAKOM HHTe-

rpajla ¥ NOJCTaBIIsAs HOBBIE NpeJeNbl HHTErpupoBanus y; =sinx; =sin0,5=0,479 u y, =sinx, =sinl1 =0,841 (aprymeHTs — B

X Xo 1 X _2+1 Y=y2 1 1
paanaHax), HaXOIuM j f (x) dx = j 5 —cosx Ldx = '[ (sin x) s1n x j vy == —-—1=0,899.
Y y Sin”x % 2 +1 y=y, Y2 N

2) MeTox MHTETPUPOBAHUS 110 YACTIM
Jpyroii none3Hslii METOA 3aKJIIOYAETCS B TOM, YTO IMOJBIHTEIPAJIbHOE BBIPaXKEHHE pa30MBAIOT Ha NpOU3BeAEHHE (YHK-

LUK U (x) muddepennnana dV( X) ,T.e. [ (X) dx = H(X) [HV( X) , JJIsl KOTOPBIX BCET/1a MOXKHO 3amucarh GOopMyy

L)

ju(x)dv(x)=u( ) xxz—JV(x du

M

HpI/I 3TOM HOBBII HUHTETpaJl B npaBoﬁ YaCTU MHOT' A BBIMUCIACTCS HAMHOI'O IPOIIE, YEM UHTETrpal B JIEBO# YacTHu.
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Ilpumep I: BEIAUCTUTH UHTETPAT OT PyHKIMA [ (x) =%mxs mpenenax 0<x<1.

8
Bribupaem u (x) =Inx, dV( X) =x'dx=d % , OTKyz1a V(X) = % . Toraa, cormacHo 3anucaHHOMY BBIIIE IPABUITY,
28

2 2
_ Ty = 8 B Ay ho—
{f(x)dx"{:lf}(f)ujﬁ,v( _lnx[q :/8)){ {i)m_gx)_§1n2 j dx =32In2

Ilpumep 2: BEIYUCIUTH UHTETPAT OT PyHKIMA [ (x) =cos (\/;) Bmpenenax 0<x<1.

8 _ 48
Gz—1=18,2.

8

0 | —

JemaeM 3aMeHy TepeMEHHOH  y = Jx. Torma x= y2 nu  dx= d( yz) =2ydy. HoBplii uHTETpaI
y:]

—2js1ndey 2Bm1+2cosy|y = (sm1+cosl 1) 0,764
y=0 0 =V =du

cos (()dx 2ijtosydy 2yiny
o=u =dv =ull

[ .

3ameuanue: IpOBEPUTH MOTYICHHBIE OTBETHI MOYKHO 3aIITHYB B cripaBodHUK [ .b.JIBaiiT “TabiuIlel HHTETPaIoB U APYTHE
MaremaTtuaeckue Gopmyisl” M.: “Hayka”, mo0oi rox uznanus, rae NpUBEACHBI pe3yIbTaThl HHTETPUPOBAHUS BCeX (YHKITUH.

3aoanus:
1) Bpruucnuts miiomaap 0o KpuBoi yHkiuK fx) Ha MHTEpBase X; < X < X, (3aIUTPUXOBAaHA HAa PUCYHKE), €CIIH
fix)=x- sm(x ),x; = 1, X, = 2. Pe3ynbraT OKpyIauTh 10 TPEX 3HAYANIHMX HUADD.
Ortser: 0,597

2) Berupcoute nHTErpan ot GyHKun fx) = cos(x)-sin’(x) — sin(x), Ha uaTepBane 0 < x < 1. Pe3yIbraT OKpYrJIHTb
110 TpEX 3HaYaImux nudp.
Ortser: - 0,375
3) Beruucnuts miomaas noj kpuBoit GyHkmu f(x) Ha MHTEpBale X; < X < X, (3aIUTPUXOBaHA HA PUCYHKE), €CIH
f(x) = cos(x)-exp(sin(x)), X; = 0, x,=1. Pe3ympTaT OKpyrauTh 10 TPEX 3HAYAIIHUX TUAD.
OrtBeT: -1,32 (4To 03Ha4aeT 3HaK “-”’?)
X2

4) Vicionb3yst METOI MHTETPUPOBAHKS 10 YaCTSIM, BBIYHCIUTH BEIMIMHY HHTETpalia J- f dx rae fix) = (x+2)-exp(x); x; =1,

X1
X, = 2. Pe3ynpTaT OKpyrJiuTh 10 TPEX 3HAYAmUX udp.
Ortser: 16,7
X2
5) Ucnonb3ys METOl MHTETPUPOBAHUS IO YACTSIM, BEIYUCIUTD BEIMYMHY HHTErpalia I f dx roe f ( ) Jx Exp(—x) ;
X1
x; =0, X, = 1. Pe3ynbTaT OKpYTIUTH 10 TPEX 3HAYAIIMX ITUPD.
Ortsert: 0,632

2.5. Bexmopuvie ¢pynxyuu. Ilpouszgoonvie u unmezpansl om 6eKmopHuix QyHkyuil. [Ilpumepst u3 KUHeMamuxu.

HpOI/ISBOL[HLIe 1 MHTErpajibl OT BEKTOPHBIX (l)yHKIII/Iﬁ BBIYUCJIAKOTCSA TaK K€, KaK U IJI CKaJIAPHBIX (byHKIII/Iﬁ Hano tonb-
KO pa3JjIOXUTh 000H BEKTOP Ha COCTABJIAIOLINEC (HpOCKIII/II/I) 1 BOCIOJIB30BATHCA MPAaBUJIOM BBIYUCIICHUS ITPOU3BOAHBIX U UHTC-

rpanoB Uit cymMmMbl pyHkmuid. [Tycts d (t) =ia, (t) + fay (t) + lzaZ (t) . Torma

da(r) _ - day (1) +jd“y(t) WAV Ja(r)de=i]ay(

dt dt dt dt

dt+]J' dt+kJ'

3aoanus:
1) Yactuia Hauana cBoe ABMKEHHE U3 Hadajla KOOPAUHAT, U €€ CKOPOCTh 3aBUCUT OT BPEMEHH 110 3aKOHY

2
- - t - t - = o
V(t) =i[A—+ B(—j rneA=3wM/c,B=4wm/c, T=1 ¢, i, j — eqUHUYHBIE OPTHI B IeKapTOBOU cucTtemMe koopauHaT. Ha ka-
T T

KO€ PacCTOsTHUE OT Hayaia KOOPIWHAT YAAJIUTCS YacTHIla B MOMEHT BpeMeHH ¢ =1 ¢?
Otsert: 2,01 M.
2) YactHa Hayana cBoe ABMKEHUE U3 TOUKHU C KOOPAMHATAMH X, =4 M, Y, =z, =0 cO CKOPOCTBIO, KOTOpasi 3aBUCHUT OT BpeMe-

4
— s t 3 t < = T v
HU I10 3aKOHY V(t) =i[A—+] B(—j ,tneA=2wm/c, B=3wm/c, T=1c, i, j, k — cIUHUYHBIC OPTHI B ACKAPTOBOI CUCTEME
T T

KoopauHaT. HaiiTn ynaneHue 4acTHIbl OT Havajga KOOPAWHAT B MOMEHT BpeMeHu £ =1 c.
OTtBeT: 5 M.
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3aunsrue 6. Tema: O0padoTKa IKCIEPUMEHTAIBHBIX JaHHBbIX: [lorpemiHOCTL H3MEPUTEIBLHBIX
npudopoB, NOrPEeMIHOCTH METO/Ia U3MEPEHUs, MOTPEIIHOCTh U3MePSeMbIX BeJINYNH

3. OBPAFOTKA DKCIIEPUMEHTAJIbHBIX /[AHHBIX.
3.1. HUsmepenus 6 pusuueckom sxcnepumenme. O HeoOX00UMOU MOYHOCMU USMEPEHUIL.

[Ipn u3MepeHun 11000 BeNMYMHBI HEOOXOJUMO OLIEHMBATh OLIMOKY (I10-
TPEIIHOCTh) pe3yiabTaTa n3Mepenus. Hemp3si, Hammpumep, IpocTo CKa3aTh, YTO M3Me- ‘? |1 % ? A|' ? ? T Ef |9 ]|O lll 1|2
peHHas JUIMHA Kakoro-To npeamera paBHa 10 cm. Ha pucyHke BUAHO, 9TO 3Ty [UIMHY O _9(_
HU3MEPSIM Pa3HbIMM JIMHEMKaMU ¢ pa3HOW LEHOW AesieHus IuKaibl. HuxHssA, MUILIIN-

MeTpoBasl JHMHEIKa JaeT Ooiee TOYHBIM pe3ynbTaT. BepXHss, rae HeleHus MIKajbl ) '9"
pa3MedeHsl B CAHTUMETPAX, U3MEPSAET HE TaK TOYHO, YTO BUIHO W3 PEATbHON pa3HO- 012 3456789101112
CTH JUIMH JBYX H3MEPEHHBIX IpeaMeToB. [loaTomy AnuHa, U3MEpeHHas MO HIDKHEH

nuHeiike Oyner pasHa 10,0 cm. JIumnuit Honb HeceT MH(OpPMaNUIO O pe3ysbTate u3MepeHus. OH TOBOPUT O TOM, YTO M3MEPEHHs
IIPOU3BOIMIUCE ¢ TOUHOCTHIO 10 0,1 cM (1 MMm). BepxHss nuHeiika u3MepsieT TOIbKO B CAHTUMETpPAX.

Ho HwxHss nuHelika Toxe He ToyHa. [ 00paboTku neraneil, pe3bOOBBIX COEIMHEHHH, HAaJ0 U3MEPSTh JUAMETPHI C
TOYHOCTBIO 10 JI0JeH MIJUIMMETpa M MO3TOMY BCErja HaJo 3HAaThb C KaKOM TOYHOCTBIO (MM C KaKON MOTrPeIIHOCThI0) MPOBOIU-
JIOCh U3MEpEHHeE.

OmmOka (MOrpenHoCcTh) N3MEPEHNS BCerja paBHa MIOJI0BUHE IIEHBI JISJICHHS IIKAJIbI U3MEPHUTEIILHOTO Mprudopa. |

N

Jns HokHel nuHelku Takas omuOka paBHa Al =0,5 MM M M3MEpEHHYIO JUIMHY CIEAyeT 3anucarh (MM HOMHHTh) Kak
/=10,00%0,05 cM (uncio 3HAKOB ITOCIIE 3aMATON JOJDKHO COBMAAATH IS CKIIAJBIBAEMBIX YHCEIN). DTOT pe3yNbTaT He 03HAYACT,
yto AnuHa TouHo paBHa 10,00 cM, oHa ompeneneHa ¢ TouHocTeio B 0,5 mMM. [l BepxHeW NHMHEHKH pe3ynbTaT U3MEpEHUs

0,5 cm
[=10,0£0,5 cM, 1 oTHOCHUTENbHAs OUIMOKA B M3MEPEHHH Cpa3y JOCTHTacT O’T 00% = 5% . IIpu u3mepenHun Oomnee ToU-
,0 cm
HOI HIKHEN TMHeNKoH, oHa paBHa 0,5%.
Kakoii 1oikHa OBITH TOYHOCTh M3MEPEHHS — 3aBUCUT OT LIEJIH, JUIs KOTOPOW OHO IPOBOIUTCS. POCT uesoBeka HUKTO He
n3MepsieT B MIUIMMETPAX U JI0CTATOYHO CAHTUMETPOBOH JTMHEHKH. Pe3p00BbIe coeuHenns conpsratores ¢ To4HocTbio B 0,01 MM
W JUIs MX U3MEPEHHs He TIOAXOAMT Jake MUJUIMMETpoBast inHelika. HyKHbI Oosiee TOYHbIE U3MEPHUTENbHBIE TIPUOOPHI.

3.2. HsmepumenvHvie npubopsl. Jecamuunvle NpUCmMasku K usmepaemvim eeruyunam. Lllkana usmepumenvrozo npubopa.
Onpeoenenue yervl OeleHUs UKATbL.

Bonee TouHOE uH3MepeHHE
JUIMHBL TIPOWU3BOAAT C ITOMOIIBIO
LITaHTeHIWMPKYs. [log MuminMerT-
pOBOI JNHMHEHKOW 3TOro mpudOopa
HAXOJUTCS [IKaJIa HOHUYCA, OOBIYHO
cocrosimas u3 10 nenenuid. M3me-
pseMBbIi IpeAMET 3aXKUMAaI0T MEXIY
ryOKaMH IITaHTeHIUPKYJIS (j1eBas
¢dororpadust). Camas kpadHsIsA Je-
Bas pHCKa IIKaJIBl HOHUYCA TTOKa3bl-
BaeT pasMep IpeaMeTa B MHJUIH-
MeTpax. Ha ¢ororpacdum cpaBa BHAHO, 9TO OHA HAXOIUTCS MeXIy 16-M u 17-M neneHrneM MIDITIMETPOBOH MIKANEL, T.€. pa3Mep
IpeaMeTa HaXoAuTCs B mpernenax oT 16 mo 17 mm. Jlanee Hamo HAWTH pUCKY HOHMYCA, KOTOPasi TOYHO COBIIAJAET C PUCKON MHMII-
JUMETpOBoi mKanbl. Ha doTorpadguu BuIHO, 4TO 3TO YeTBEpTAasl IO MOPSAKY PUCKA, KOTOPYIO OTACISIOT OT JIGBOM KpalHe# puc-
ku 3 penenus. Llena nenenus mkansl HoHuyca — 0,1 mMm. IlosTomy u3amepsiemsiii pazmep pasen 160+3[0,1=16,3 mm . ltan-

TCHIUPKYJIb U3MEPIACT JIMHEHHBIN pasMep npeamMeTa ¢ TOHHOCTBIO 10 0,1 MM (ueHa JACIICHUA HOHI/cha). HOFpeI.HHOCTL HU3MEpCHUs

31oro mpubopa Al = —O’I;M =0,05 MM Mm"m";pm'i“ﬁm/c‘éﬁ%‘éﬁ

Emeé tounee naMepeHus IenaroT C MOMOIIBIO MUKpoMeTpa. M3mepsie-
MBI MPEIMET 3AKUMAIOT MEXKIY HEMOJBIKHOW MATKONH U MUKPOMETPHUECKUM
BHUHTOM, KOTOPBIII MOXHO NEpeIBHUIraTh, Bpaimas 0apadaH ¢ HoHMycoM. Bapa-
0aH clieyeT BpalllaTh 3a CaMyI0 KpaiHIO JeTaidb — TPEHIOTKY. Kak ToJbKo
MHUKPOMETPUYCCKUI BUHT TOCTUTHET NIOBEPXHOCTH Tela, OapabaH HaYHET Ipo-
KPY4YHBAThCs, YTOOBI HE CYKMMATh M HE JeOPMHUPOBATH U3MEPSEMBIN TIPEAMET,
a TpemioTKa 3aTpemuT. PasMep mpenMeTa B MIJUTUMETPaX HAXOIAT IO IIKaje
Ha cre0ile MHKpoMmeTpa (Ha PHCYHKE BHIHO, YTO 3TOT pa3Mep HaXOIUTCA B
npenenax ot 12 mo 13 mm). Kpyrosas mkxana HoHmyca pa3outa Ha 50 geneHui.
Lena omnoro nenenust Hoanyca — 0,01 M. JleneHue Ha HOHHYCE, COBIAIAO-
mee ¢ JIMHUEH MIUUITMMETPOBOH IIKalbl Ha cTeOse — 3TO J00aBOK B COTHIX JOJIAX MIJLTUMeTpa. Ha pucyHKe BHIHO, YUTO JIMHUS
HaxoxuTcs Mexay 37-M  38-M meneHneM HOHHMYycCa, T.e. K 12 MM 1o MIJUTMMETpOoBO# mkaje Hago nobasuts 37 [0,01=0,37 MM .
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Belire MHJUTUMETPOBO# MIKAJBI CHENAHBl PUCKH, ACTAIINAC KAXKABIA MIIUTUMETP TonojiaM. Eciu Takas mpoMexyTouHasi pucKa
BBIIIIC MAJUTUMETPOBOM IIKAJIBl BUIIHA, TO K pe3ynabTary no0apnsatoT 0,5 MM, eciau He BUAHA, TO HEe N00aBistoT. Ha pucyHke oHa
BHJIHA, IOITOMY pa3Mmep u3Mepsiemoro npeamera 12+0,5+37 0,01 =12,87 mm . Ha doTorpadusx Huxe — HE BHIHA U JHAMETP

n3mepsiemoro mapuka 16+0+29[0,01 =16,29 mm .

Hena nmenenmss nonmyca 0,01 MM, mo3toMy mo-
IPELIHOCTh HU3MEpEeHHUs MHKpOMETpa
1
Al =0’0% =0,005 MM .

M3mepeHne BpeMEHH C IIOMOIIBIO CEKYHIHOM
CTPENIKM 9aCOB MMEET SBHO HEIOCTATOYHYIO TOUHOCTb. Jlist
IpuMepa — HEKTO pEIIWI H3MEPHUTh TIyOMHY KOJOALA,
cOpocHB B HEr0 KaMEHb U U3MEpHUB BpeMs najaeHus. 1o ero
gacaM — 3TO BpeMsl paBHO 4 ¢, a BBIYMCIICHHAs TIyOMHA

2
h:&
2

=16,29 MM

=80 M. Ho morpemHocTs B U3MEPEHUU BPEMEHU

g(t+At)2 _g_t2

nagenus no yacam Af =1¢/2=0,5 c. Ilpusener k oumbke B u3Mepenun rnyounsr Ah = >

=20 M (kpome TOrO,

SKCIEPUMEHTATOP MOKET 3ace€Ub HA4aJI0 MaAeHII KaMHS C JOTTOJHUTEIBHOM OMHOKOI).
[TosTOoMy Bpems cliefyeT U3MEpSATh CHEeNNaIbHBIMA H3MEPHUTEIbHBIMU IPHOOpaMu
— cekyHgoMmepamH. IIpocTedinnii MeXaHWYeCKUH CeKyHIOMep IMoka3aH Ha Qororpadun
cnpaBa. MasieHbKasi CTpejKa BBEpXY ITOKa3bIBa€T BPeMs B CEKyHaAaX. bonbioi kpyr 00ib-
masi cTpeiika npoOeraer 3a 1 Munyty. CeKyHIHbIE AeNeHHs pa3aeieHbl Ha 5 Oojee MeJIKuX
JleTieHuii, TaK YTO MOTPENHOCTh nanHoro mpubopa Ar=0,2¢/2=0,1 c. Bpems, nokasbi-

BaeMoe CeKyHaoMepoMm 22 MUHYTH 21,4 c.

Bomee TouHmllf cekyHmoMmep moka3zaH Ha (OTO-
rpagun cieBa. MalleHbKasi CTpejKa BHHM3Y IIOKa3bIBaeT
BpeMs B cekyHaax. bonbmoit kpyr pasznenen Ha 100 ge-
nenuit no 0,01 ¢ xaxpgoe. Bpems, moka3siBaeMoe CEKyH-
nomepom 6,21 c. IlorpemHocts paHHOTO IpHOOpa
Ar=0,01¢/2=0,005c.

Buamm, uro mroboe m3MepeHne Haao MPOW3BOIUTH MPHOOPOM, MAIOMIMM HEOOXOIH-
MY TOYHOCTh. HO M3MepsieMble BETHYMHBI MOTYT HMETh OYCHb MAJYI0 WIH OYCHb OOJBIIYIO
BEJIMYUHY B HCIIOJNB3YEMO JJIsl pacueToB MekayHaponHou cucteme exwnul, CU (Hampumep,
u3mepseMsblil Tok pased 0,000002 A, a ckopoctb cBeta 300000000 m/c).
UroObl moay4nTh pe3yibraT B eanHuiax CU Hamo Bpems U3MEpsTh B CEKyHAAX, [UIMHY — B
METpax, Maccy — B KWIOTpaMMax, CUITy TOKa — B aMIIepax, HalpsHKCHHUE — B BOJIbTaX, TEMIIE-
parypy — B rpaaycax KenbBuna u T.I1.
UroObl HE MHUCATh CIUIIKOM MHOTO HYJEW, 3T BEJIMYMHBI MCIOJB3YIOT C MpUcTaBkamu. [IpomiumrocTpupyeM NPpUMEHEHUE TPU-
CTaBOK JIJI1 OJTHOM M3 OCHOBHBIX CJIMHUI] H3MEPCHHS — METpa!

IIpucraska nuka(MeTp) HaHO(METp) MHKPO(METP) MUJUTH(METP) caHTU(METp) nenu(mMeTp)
0003HaYEHHE | TIM HM MKM MM cM M

BEIMYMHA Iom=10"2 v [ 1em=10" ™ | IMmxkm=100 M | IMM=10" M | 1eM=102 ™ | 1 M = 107" M
IIpucraska Tepa(MeTp) rura(MeTp) mera(MeTp) KIJI0(MEeTp) TeKTO(METP) Jeka(MeTp)
obo3Hauenue | Tm I'm Mm KM ™ nam
BEHYHHA 1TM=102n [ 1Tv=10" M [ IMM=10°yu |1xM=10°m |1rm=102m | 1 gam=10" M

Amnanoruydo 0003HaYaAOTCI U APYTUe €AUHUILIbI U3MEPCHU. Ho CJIEeAYET NOMHUTH, YTO HaA an/I6ope 4acToO OHH 0003HAYEHBI HE B

OykBax pycckoro andasura: 1 mA = 1 MA = 103 A -1 Mummamiep; 1 HA = 1 MKA = 10°A-1 MHKpOaMmIep | T.II.

Jlatunckas OykBa m 0003HaYaeT MPHUCTaBKY “‘MWIUIN , a Tpedeckas OykBa |l - IPUCTaBKY “MHKpO”.




OOBIYHO TPUCTABKU 0003HAYEHBI HA H3MEPUTENBHOM Iprbope. Hampumep, Ha pu-
CYHKe ClpaBa IoKa3aH MI/IJ'IJ'II/IaMHepMeTp, C MOMOIIIBI0 KOTOPOTO MOXHO U3MEPUTh TOK IO
5 MA (mpenen mkanbl u3MepeHus). Bunxo, uro
mKana npudopa pasgencHa Ha S0 MaleHBKHUX Je-
nenuid. llena kaxmoro nenenus 0,1 MA, a mo-
rpemHocTs u3Mepenust npubopa Al =0,05 MA .

[Mpenensl  uW3MepeHHs — LIKAJbI
pubopa MOKHO M3MEHATH IIOBO-
potoMm kmroda. Ha dotorpadum
a) cjeBa IOKa3aH KIIOY amIiep-
METpa, MO3BOJIAIOIIUNA YCTaHO-
BUTh IHMANa30H H3MEPUTETHHON
mikansel, pazaeneHHoi Ha 100 ge-
neHuit 160 paBHbIM 1 A, 1100
paBHbIM 2 A. B mepBoM ciyudae
LleHa JeJeHus npubopa paBHa
1/100 = 0,01 A, Bo BTOpPOM —
2/100 = 0,02 A.

3adanue 2: ompenenwuTs IEHY
JIEJIEHUS] W TIOTPEIIHOCTD H3Me-
peHHii BOIBTMETpA, IIOKAa3aHHOTO
Ha ¢otorpaduu 0) cripasa.

PerynupoBo4HbIi BUHT

TOKa.

3aoanue 1I:

Ba.

I

AMNEPMETP

B” BHH3Y CIY)XXHUT [UIsl yC-
TAHOBKH CTpENKH mpubopa Ha 0 MpH OTCYTCTBHU

OTpeJeNnTe IOTPELIHOCTD
M3MEpPEeHNs] MUKpOaMIIepMeTpa Ha PUCYHKe O clie-

S

BOMLTMETP

5550

220 s33

3.3. Hozpewnocmu npubopos. Cucmemamuyeckue owudKY 8 npoyecce usmepeHusl.

Crnenyer yYuThIBaTh, YTO HH OJUH MPHUOOpP HEe paboTaeT MiealbHO, Jaxke MPOCTas B U3rOTOBICHUMU JUHEWKa. CpaBHUTE
MUUIMMETPOBYIO IIKAJy HECKOJBKHX KYIJICHHBIX B Mara3uHe JIMHEEK, U yOeIUTeCh, YTO HAHECCHHBIC HA HUX JICICHUS XOTh He-
3HAYUTENBHO, HO Pa3IHYaroTCs, pazImdaroTcs Jake pa3Mephl MeXIy pUCKaMH, HAHECEHHBIMH Ha OJHY JTHHEWKy. PaboTas ¢ Ta-
KHUM TIpHOOPOM, MBI OyZeM IOJTydaTh HETOYHBIE PE3YNIbTaThl JakKe IPH HACATBHO IMPOBEIeHHOM u3MepeHun. [lomo0HbIe morper-
HOCTH, 3aBHCAIINE OT KOHKPETHOTO HETOYHO HACTPOCHHOTO MpHOOpa MIN HEYJAYHO BBIOPAHHON MpOUEIYpHl M3MEPEHHS Ha3bI-

BAarOTCA CUCTCMATHUYCCKHUMMU.

Ilpumep: 3KCTIEPIMEHTATOPY OBUIO JIGHb U3MEPSTh PACCTOSTHUE /i, IPOXOAMMOE Ta[aro- -
MM IIAapUKOM, CTOS, U OH JieJla)l 3TO CUIsA. B pe3yipraTe BMECTO HCTUHHOTO PAcCTOSHUS /i OH - /T
-

KKJIBIA pa3 U3MEpsUT pacCTOSIHUE A' C OTPOMHOM CHCTEeMAaTHYECKOH OIMMOKOH, CBSA3aHHOH ¢ He- . h W
NIPaBUJILHO BEIOpPAaHHOI NpoLeaypol H3MEpeHHH.

JAaXE€ CaMbIM TOYHBIM CEKYHIOMEPOM. duznonorndeckas peakuua 3ana3bIBaHUA Ha coObITHE

(BKIIIOYEHMSI CEKYHIOMEPA B HYKHBIH MOMEHT) Yy OTIeNbHbIX Jtoaeil nocturaet 0,2 +0,3 cex .

WNHorpa cucremarnyeckasi OMMOKa HE 3aBHCHUT OT JOOPOCOBECTHOCTH IKCIIEPHUMEHTATO- Y T et
pa. DTO KacaeTcs, HallpuMep, MPOLEAYPHl U3MEPEHUs] KOPOTKHX HHTEPBAIOB BPEMEHH JIOOBIM, % T

Uro menath B TakoM ciydae? V3MepuTh CyMMy OOJBIIOTO YHCIAa OAWHAKOBBIX BEJIMUNH

" pas3ac/iuTh HAa UX YUCJTIO.

Ilpumep: ucTUHHBII Nepron KojebaHuil (Bpems ofaHoro xojebdanus) mastHuka paeH 1T = 0,8 c. YToObl n3MepuTh ero
JIOCTaTOYHO TOYHO IOMOLIBIO JaXke OOBIYHBIX Hapy4YHBIX YACOB C CEKYHJIHOHM CTpENKOH, Hamo u3MepuTh Bpems 100 komebaHuid
1=0,8000 =80 ¢ . Omubka usmepenns At =1c¢/2=0,5 c. Torna ommnbka nsmepenus T pasua Bcero AT = At/100 = 0,005 c .

3aoanue: xax, IMesi A1 U3MEPEHUH TOJIBKO OOBITHYIO MHJUTMMETPOBYIO JINHEHKY, OTPEICIUTh TOJIMIUHY JICTA OyMaru

¢ morpemHocThio Al <0,0001 Mm ?

3.4. Hoepewnocms edunuunozo usmeperus. Iozpewnocms 3a0annoil geauyunsl. Ilonamue o sHavawux yugdpax pes3yis-

mama u3MepeHu12. Boiuucnenus ¢ npu6ﬂu3fC€HHblMu qucaamu.

Kak ToKasajii, NOorpeurHoCTb €AMHUYHOIO U3MEPCHHA, €CJIM HE YUUTLIBATL CHUCTCMATUYCCKHUEC 0HII/I6KI/I,
PpaBHa MMOJIOBHUHE LEHBI ACJICHUS HIKAJIbl U3BMCPUTCILHOI'O an6opa.

Ho NOJIYUYCHHBIC PE3YJIbTAThl U3BMCPCHUA HA10 O6pa6aTLIBaTL, IIOJACTAaBJIATH B q)OpMyJ'II)I, MIPOU3BOAUTDH BbIYUCIICHUS.
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IIpumep: cTyneHt, 3Has BbIcOTy 00pbiBa /2 =100 M, ¢ MOMOIIBIO XOPOILETo CEKyHIOMEpa ONpeIesIul BpeMsl ITaJeHUs

¢ Hero KamHS f=4,51c, U pemma HalTH yCKOpeHHe cBOOOomHOTO TaaeHWs. C TMOMOIIBI0 KalIbKyJIATOpa OH BBIYUCIIHI, YTO
g = 2h/1% =9,832793349 m/c? .
Bompimoe yrcio 3HaAKOB ITOCIE 3aIsITOH COBCEM HE TOBOPHUT O TOYHOCTH pe3yibTarta. KanbkynsaTop He 00s3aH AyMaTh

BMecTO cTyaeHTa. OH MPOU3BOANT BEIYHUCIICHISI ¢ BBEJICHHBIMH YHCIIaMH, He 0Oparias BHUMaHHs Ha TO, YTO U BBICOTa /1, U BpeMs
t OBUTH 3aBEIOMO OTPEJICIICHBI ¢ KAKUMHU-TO TIOTPEUTHOCTSAMH U Pe3yIbTaT BEIYUCICHHUS TOXKE COACPIKHUT IMOTPEITHOCTD.

| Bce pesynbTaThl BEIYHCICHUH CIeTyeT OKPYTIATE 10 TPEeX 3HaJaIuX udp.

3Havamue nu@pbI YNCIa HAYHHAKTCA OT NepBoii HeHyaeBoi MUPPbI. Tax uucno 1,00534 coxmepkut mecTs 3HaYa-
mux mdp, a yucno 0,00534 — Tpu 3HavaIUX TUQPHL.

IpaBuiio okpyrieHus: TUQPHI, MEHBIINE 5, OKPYTISIOTCS B CTOPOHY YMEHBILICHHUS YNCIIa, a OOJIbIINE WK PaBHBIE 5 — B
CTOPOHY yBEIHUEHUs YHCTIA.

Ipumepovl OKpyTIACHYSI 10 TpeX 3HaYammx udp: 1,246 =1,25 (B CTOPOHY YBEIHUCHUS YHCIIA);
16,24 =16,2 (B cropony ymeHnbuienus uucina); 1,00534=1,01 (B cropony yBemunuyenus umcina); 1,00354=1,00 (B cropony
yYMEHBIICHU YKClIa, 00paTHTE BHUMAHHUE, YTO HYJIU, CTOSIIUE OCJIC HEHYJIEBOH IM(PHI TOXKE SIBISIOTCS 3HAYHMMBIMU).
[IpaBHIIO BEIYHCICHHMS: OTBET HAJIO TOYYaTh C TOYHOCTBIO 10 YETHIPEX 3HAYANIMX IU(P i OKPYTIATH MOCIEIHION Midpy |

HpI/I 3TOM HaAI0 CICOUTH, 4TOOBI BCE BCIIMYWHBI, BXOAAINUEC B (1)0pMy.]'ILI ObLIH OKPYIJICHBI OAUHAKOBO, 10 TPEX 3HAYAIUX

mudp. Ecnu noxacrasuth B hopmyny h = gt2 / 2 BeNMYUHY YCKOpEHHs cBOOOmHOTO maxeHus g =10 M/C2, TO Ja)Ke TIPH OYCHb
TOYHOM U3MEPEHUM BPEMEHHU ! TOJIYYHM 3HAYUTEIFHYIO ONIUOKY, CBSI3aHHYIO C OOJBIION MOTPEITHOCTHIO YUCTIA g .

IHOFpeHJHOCTL 3aJIaHHOW BEJIMIMHBI (33JaHHOTO YHCJIa) paBHA IMOJIOBHHE €IMHMIIBI M3 TIOCIISTHETO pa3psa LH/Icna.|

IIycth, Hanmpumep, yuciao TU 3aJaHO ¢ TOYHOCTHIO JI0 MATH 3HAYaIlMX 0,000]—e/:[mmua u3
mudp. [ocneaanii pa3psa COOTBETCTBYET mociennell nudpe storo umcna. Ilo- 1T = 3 1 4 1 6<_/ TIOCJICTHETO
IPENHOCTL ero 3amanust Oyner pasna ATI=0,0001/2=0,00005. Ho c Takoii 9._.._.._.._\1 paspsna
TOYHOCTBIO YHCJIO T 3aaBaTh HE IMEET CMBICIA, ECITH OCTAIBHBIC YACIIAa MIMEIOT — NEPBBIA BTOPOH TOCJIC THUH e

paspanm  paspsax paspan

Tpu 3HaYAmuX mudpsl. I1o9ToMy 1 uucIO TT MOKHO 3a4aTh C TAaKOH ke TOUHO-
ctero T1=3,14 u ¢ morpemmnocthio ATT=0,01/2 =0,005.

yucaa - 4uciaa qucaa

Hcronb3yeMast Ipy BEIYUCICHUSAX BEIMYWHA YCKOPEHHUST CBOOOHOTO TaICHHUS T0JDKHA OBITh paBHa g = 9,81 m/c? ¢ mo-

rpetmocTbio Ag =0,01/2 = 0,005 m/c?.

YacTo BETUUMHBI, HCOOXOIUMBIC MIPH pacueTax, He U3MEPSIOTCS, a IPUBOIATCS KaK CIIPaBOYHEIC JIaH- S
HbI€ MJIU KaK pe3yNibTaT U3MEpPEHHil, MpoIelaHHbIX paHee. Hampumep, Ha ABYX THpbKax HAHECEHA BEJIMUMHA UX
Macchl. DTU 3HaUCHUS He OAMHAKOBBI, HA YTO yKa3bIBaeT JHUIIHUN HOMb! JIeBas rupbka B3BelIMBajIach ¢ TOU-
HOCTBIO JI0 OJIHOTO TpaMMa M MOATOMY €€ UCTHHHAs Macca MOXET JiexaTh B mpexaenax 16,50<m<17,49r, 77777777/

YTO IpH OKpyIiieHuu Aaet 17 r. [IpaBas rupbka B3BeIINBaIach ¢ TOYHOCTHIO 10 0,1 r u mnst He€ 16,95<m'<17,04 1.

[[orpenHoCTs 3a1aHHOM BEINUMHE! TAKKE PABHA TOJOBHHE SIWHMIIBI U3 ITOCIEIHEr0 paspsiia.|
Jlnist neBoii rupbku oHa papa Am =1r1/2=0,5 r, qus npasoii — Am'=0,11/2=0,05T.

OTHOCHUTENbHON MOTPENIHOCTBIO HA3BIBAETCSA OTHOIICHHE MOTPEIIHOCTH U3MEPEHUsI BETUYMHBI K €€ U3MEPEHHOMY 3Ha-
yeHuto, yMHOXeHHoe Ha 100%. [Ing neBoro rpysmka Ha pPHCYHKE OTHOCUTENbHAs IOTIPEIIHOCTh 3aJaHUsl MacChl paBHa

Am a00% = % 00% = 2,94% . [1ns npaBoro rpy3uka ona oyzet B 10 pa3 MeHsl1e: A—m' a00% = i);ﬁ 00% =0,294%
m m ,

Ommobkoit OyneT mpHu M3MEPEHUH JUTMHBI, KOTOpas OKaszajlach PaBHOW OJHOMY METpY, 3alucaTh 3HadeHue [ =1 M, T.c.

3a4aTb BCJIMYUHY AJIMHBI C TOYHOCTBIO 10 OJIHOM 3Havamen I_[I/Iq)pI)I. IIJ'IH YCJIOBCKA, HC MPOBOAMBIICTO U3MEPCHUS, TaKasd un(bpa B
TCXHUYCCKOM OIIMCaHHUH 6y£[eT 03Ha4aThb, 4YTO AJIMHY U3MEPAIN JIMHENKOM ¢ METPOBBIM PACCTOAHUECM MCKAY ACICHUSAMU HIKAJIbI.
HOI‘peHIHOCTI) HU3MEPCHUS JId HETO 6y£[eT paBHa Al=1/2= 0,5 M, a OTHOCUTECJIbHAS NOIPCHIHOCTL CTAHET HECYJOBJICTBOPUTCIIb-

HO# (50%). Ho ecim 3ammcary [ =1,00 M, T.e. OnpeNeNuTh UIMHY C TOYHOCTHIO JO TPEeX 3HAYAIIMX IUQP, TO OH MOHMET, U4TO

JUIMHY W3MEPSUIN CAaHTUMETPOBOH JIMHEHKOM, morpemHocTs u3mepenust Al =0,01/2=0,005 M, a oTHOCHTEIbHAS MOTPEIIHOCTh
0,5%.

BBIBOI: pe3ynbTaThl BceX M3MEPESHHH, TI0 BO3MOXKHOCTH, CJIEIyeT MPUBOIUTH C TOYHOCTHIO HE MEHEE 4eM JI0 TpeX
3HaYanux Mudp, Kak 1 pe3ynbTaThl BCEX BHIYHUCICHUIN U 3HAYCHUS BCEX HCIOJB3YEMbIX KOHCTAHT.

3.5. Mnoeoxpamuwie usmepenus usuveckoui senuuunsvl. Cryyaiinvie ouubKY usmepeHusl.
3.6. Cpeonsia senuuuna pesyrbmama usmepeHus. Boiuucienue cpeoneksaopamuynoco OmKIOHeHUs U 008ePUTNENbHO2O
unmepeana. A6Comomuas u OMHOCUMENbHASL NOZPEUHOCTb PE3YTbIMAMO8 UsMEPEHUsl.
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OnHOKpaTHOE W3MEpEHHE BEIMYMHBI X MOXET OBITH COBEPIIECHO C a) VICTVIHHOG\
60O OmuOKoi. T109TOMY ISl HAJAEKHOCTH M3MEpeHHe mpoBoaaT N pas sHatierie N R X
N . Xn X1 j
(MHOTrOKpaTHO). byneM oTMedaTh pe3yabTaThl TAKHX M3MepeHui x;, i =1,2,...,N >
CUCTEMATHYCCKAsT
Ha OCH X . WCTMHHOE omuGKa
H & _ 6) 3HaueHue
a BEPXHEM PHCYHKE a) II0Ka3aHbl Pe3yJbTaThl H3MEPEHHH, IPOBEICH x
HBIX C CHCTEMaTH4eCcKOl OIIMOKOW: Bce M3MEPEHHbIE 3HAUEHHs OJIM3KH (TOBOPAT t . * xz J:CN= 3"64 % X; X

0 OOJNBIION KYYHOCTH M3MEPCHHUN MO aHAJOTHHU CO CTPENBOOU, KOTAa BCe IMyJTH
MOMAJA0T B MUIICHB OJM3KO IPYT OT APYra, Ky4Ho). Ha HibKHEM pUCYHKE 0) CHCTEMAaTHYeCKO# ONIMOKU HET, Pe3yIbTaThl H3ME-
peHHii TOTIAaloT B Ty 00JacTh, TJe HaXOIUTCS WCTHHHOW 3HAYCHHE M3MEpsSeMON BEIMYMHBI X, HO CICNIaHBl OHH € 00JIbLINM
Pa30opocoM u3-3a TOTO, YTO MPH U3MEPCHUAXK JCTAIOTCS CIyYalHbIC OIIMOKH.

BenuuuHy ciay4aliHOW OIIMOKH MPEAyragaTh HENb3s, HO YeM aKKypaTHEe M BHUMATEIbHEE NENAIOTCS U3MEPCHHS, TEM
MeHbIIIe OYJeT BeMHMYMHA KaXKIOW CiayvaiHoW ommOku. Hampumep — Henmb3s MaeadbHO TOYHO HAXKaTh KHOIKY CEKyHIOMEpa B
MOMEHT HaJalia Kakoro-To mporiecca. Beernma BriroueHue OyIeT WK 9yTh OTICPEIKATh, WM UyTh 3aI1a3/IbIBaTh; HENb3sl a0COIOTHO
TOYHO COBMECTHTPH HaYaIBbHYIO PUCKY IIKAaJBI IMHEHKH C KpaeM M3MepsSeMoro IpeaMeTa 1 T.11.

MOo>KHO 7M1 TIpH TaKOM CITydaifHOM pa30poce pe3yiIbTaTOB M3MEPEHHS CIeIaTh BEIBOJ O 3HAYCHHUH U3MEpPSIEMON BEITNYH-
HbI? MoXxHO! o :’"_“: d:)—‘

Ilpumep: paccCMOTPHUM H3MEPEHUE PACCTOSHUS X , HA KOTOPOE CMEIIAeTcs mep- : L
BOHAYAJILHO MOKOMBIIEECS TEJO, B KOTOpoe momajgaeT myis. OneiT npoBoguwica N =8
pas, ¥ KaXIblil pa3 MAJUTUMETPOBOH JIMHEHKOH ObLIa M3MepeHa pa3Has BEJIUYHHA CMe-

IEHHSL:
Ne usmepenus i 1 2 3 4 5 6 7 8 < x> (B cM)
cMmemenne x; (Bcm) | 4,8 5.2 6,1 5,7 4,9 5,7 6,3 5,1 5,48
X; —(x) (B cMm) -0,68 | -0,28 | 0,62 | 0,22 |-0,58 0,22 | 0,82 | -0,38

2 2 0,214 | 0,078 | 0,384 | 0,048 | 0,336 | 0,048 | 0,672 | 0,144
(xi —(x)) (Bcm)

Hpemﬂe BCCTO, BBIYUCIIACTCA CPEAHECC 3HAUCHUC U3MEPSIEMON BEIMYUHBI:

X
<x>_i=1 =X1+X2+X3+...+XN
N

JI71s JaHHBIX, IPUBEJICHHBIX B TAOIUIIE, IOTyYaeM (x) =5,475cm=5,48 c™m .

3aTeM BBIYUCIISIOTCS OTKIOHCHHUS N3MECPCHHBIX 3HAaYCHUH OT CpCOHCIO X; _<.X> (TpCTLH CTpOYKa Ta6HI/IHBI, qacTh 3TUX

OTKJIOHCHU# Oy/IET OTpPHIIATENIbHA, a YAaCTh — MOJIOKHUTEIbHA). KBafpaThl 3THX OTKIOHCHHIA BCET/Ia HE OTPHUIIATEIBHBI (YeTBEpTas
CTPOYKA TaOJIHIIBI).
CpelHeKBaIpaTHIHOE OTKIOHCHHUE U3MEPEHHBIX 3HAYCHU I BRIYUCIISIOT IO (hopMyJIe

S, = L%(xi_@f - (3 =(x)" (2 =(x))" +o+ (o =(x))

B namem npumepe nomydaem S, = 0,524 cm . Uem MeHbllle BenuuuHa S, , TeM 0oJblIe KyYHOCTh U3MEPEHHUH X; M MEHbIIE UX

p3.36pOC, OTKJIOHCHHUEC OT HCTHHHOI'O 3HAYCHHWA BECJIUYHUHBI X .

Haxonen, no gopmyne |Ax =S, / v N| HaxoAsaT JOBEpUTEIbHBIN HHTEpBaAL. JTO — pa3Mep OIIMOKH H3MepPeHHs, Bbl-

3BaHHBIN CIy4YaWHBIMM OTKJIIOHCHUSIMH W3MEPEHHBIX 3HAUCHUH OT HCTHHHOTO. B Hamewm cioydae Ax =0,185 cm.

Ecnm n3mepenHas BeMIuHA MOTaaaia B HHTEPBAT |<x> -Ax<x< (x) + Ax| WA |x = (x) + Ax| R

TO TAKOMY PE3YJIbTaTy MOKHO T10BEPSATH, MOKHO CUHUTATh, YTO JAHHOE M3MEpeHHE (MPH 00JbIIOM Ynce N TpoAcTaHHBIX H3-
MEpEHUiT) OBLIO BBITIOJIHEHO MPABWIBHO. ECIIN pe3ynbTaT mocaeIyromero n3MepeHus He MOoMnaaaeT B 3TOT UHTEPBAJ, TO OH BBI3bI-
BaeT COMHEHUs, EMY He JI0BEpSIOT. B paccMaTpuBaeMoM MpUMepe CMEIIeHUE Tella MPY MOMaJaHuH Iy JOJKHO JIeKaTh B Ipe-
Jienax A0BEepUTeNbHOro uHTepBaia x =5,48+0,19 cMm winu 5,29 < x<5,67 cm .

3aMeThTe, UTO CpeHee 3HAUCHUE U OMIHOKY H3MEPCHHUS 3alTUCHIBAIOT C OJJUHAKOBOM TOYHOCTHIO, C OJJHHAKOBBIM
grcioM 1udp mocne 3amsaroit. HempaBuneHo 3amucate x =5,48 £0,185 ¢cM, Tak Kak B 3TOM CIy4ae OMIHOKa BbI-

qyuclieHa oosee TOYHO, YEM PE3YJIbTAT USMCPCHUA.
Yro0bI 60JICe HariaIgJHO OLCHUTDH BEJINYNHY OIIMOKHU B 0/0, BBIYUCIIAOT OTHOCUTCIIbHYIO TOTPEITHOCTh H3MCPCHUA

E. =2 100%| .

)

B namem npumepe E, =3,38% (oueHuTE, MHOTO 3TO MU MaJio?).

[To mpuBeneHHBIM (hOpMyJIaM PACCUUTHIBAIOT CPEIHEE 3HAUCHUE <x> , CpeTHEKBAIPATUYHOE OTKIOHEHUE S, I0BE-

pHTeJ’ILHLIﬁ HUHTEpBaJI Ax un OTHOCUTECJIbHYIO MOTPCITHOCTh U3MEPCHUSL Ex JJIA TIFOOBIX HU3MEPSCMBIX BEJIMYNH X .
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3ameuanue: B 3THX q)opMynax HC Y4YUTbhIBaJlaCb 0HII/I6Ka, BbI3BaHHAsA OKPYTJICHUEM YUCCIT (OIHI/I6Ka OKpYIJICHUA

Axoip ), @ TaKoke cucTeMarndeckas oummoka Ax, ., . OHH Tak)Ke BHOCST BKJIaJ( B JOBEPUTEIIbHBIN HHTEPBAI

2 2 2
Ax - \/(AXCJIY‘IafIH ) + (AXOKp ) + (AXCPICT ) *
Ho CUCTEMATUYCCKYIO 0HII/I6Ky IpUu USMCPCHUAX HAJA0 CPa3y BBIABIATL U YCTPAHATD, a OIHI/I6Ky OKPYTIJICHUSA MOXHO CIC-
J1aTh MaHOﬁ, C€CJIM AC]1aTh U3MCEPCHUS BCIUYHUH X; (l'[O BO3M0)KHOCTI/I) 1 BCC BBIYUCJIICHUS C TOYHOCTBIO HE MCHEC TPECX-UCThIPEX

3Havammx udp. Torna ommbka OKPYTIICHUS CTAHOBUTCS MaJIOW IO CPABHEHHIO CO CITYYalHOHN MOTPEUTHOCTRI0 N3MEepEHUH, 1 e€
B JaJbHEUIIeM He OyJeM YIHUTHIBATb.

3aoanus:
3.7. Koceennvie noepewnocmu. Boluucnenue nogpewHocmu 0ist QQyHKYuY 0m usmepsieMulx U 3d0aHHbIX 6eTUYUH.

HOJ'Iy‘-IeHHLIe PE3YIbTATHI 4JId U3MEPCHHBIX M 3a/JaHHBIX BEJIWYUH X, Y, Z,... HOJACTABJIAIOTCS B q)OpMy.]'[LI " IMPOBOASATCA

BBIYHCICHNS KaKHX-T0 PyHKImit (X, Y.z, ) . Tak xak Bce IOJICTaBIICHHBIC BETMYNHEI H3BECTHHI C TIOTPEITHOCTIMH

Ax,Ay,Az,..., TO ¥ BBIYUCIICHHAS BEJIMYMHA OyIIET ONpEIeCHa C OMMOKOM, KOTOpasi Ha3bIBACTCS KOCBEHHOW ONTHMOKO# Ml KOC-

BEHHOM norpemHocteio Af . 310 — ommnOKa /Ul BRIYUCISEMOH BEIMUUHEL f , @ He JUIS BEJIMUMHBI, U3MepsieMoi Hanpsmyto. s

2 2 2
eé pacueTa umeetcs obmast popmyna: Of = (g—f mxj + g—f Ay | + (Z_f mzj +....
by ly z

B a10ii hopMyJie CTOAT IPOU3BOIHEIE a—f , KOTOpBIE Ha3bIBAIOTCS YaCTHBIMHU TPOU3BOJAHBIMHU. OHH BBIYMCISAIOTCS IS (DYHKIHIA,
X
3aBUCAIINX OT HECKOJIBKUX HepeMeHHBIX X, y, Z,..., 4, B OTJINYHUEC OT 06BI‘{HI)IX l'[pOI/I3B0[[HI)IX (l)yHKHI/II/I OHHOﬁ HepeMeHHOﬁ
f(n =2
dx

. 0003HaYAIOTCS HE OpAMbIMU CUMBOJIAMU d , 4 KpYrjibIMU CUMBOJIaMU 0 . Beruncasercs yacTHas MMpou3BOJHA,

HaImpuMep, 1o IEPEMEHHOW X , TOYHO TakK ke, Kak U 0OBIIHAs TIPOU3BOIHAS, HO B IIPEATIOJIOKCHIH, YTO OCTaIbHBIE TIEPEMEHHBIC
¥,Z,... QUKCHPOBAHBI U HE MOTYT MEHSATHCS, T.C. BJSIFOTCS OCTOSTHHBIMU:

af(x, v, z,...) _ df (x, y,z,...)| af(x, v, z,...) _ df(x, v, z,...)|
ax dx |y,z,...=const ay dy |x,z,...=c0nst
d(x +c0nst) d(const + y3)
Ipumep I: f=0((x2+y3), g—f=ch=2cxx; g—f=0(d—=30(y2.
X y y
(<) al’)
Ipumep 2: [ = c;()czy3 , % = ay37 = 2c1xy3 ; % = axzd—y = 3cxx2y2

A
OTHOcHUTeNbHAs! IOTPEIIHOCT BBIYNCICHUS QyHKINH | (x, Y, z,...) TAKKE 33]1a€TCA B MPOLCHTAX: | Er = & 100%

¢ BCIMYHUHA (l)yHKHI/II/I f MoJIy4vaceTcs MOJICTAaHOBKOM B HEE BCEX CpeaHux 3HAYCHUH HN3MEPCHHBIX IEPEMCHHBIX U BCCX 3aaH-

HBIX BenuuuH: |f = f ((x) ,( y>,<z>,...) . PesynbpTaT BRIYHMCICHUH 3aITUCHIBACTCS C YISTOM HaHICHHOHN ONTHOKH:

f=f(<x>,<y>,<z>,...)iAf .

Ipumep 3: pamuyc Kpyra ObLIT H3MEPEH MHOTO pa3, 1 ObliIa MOJyYeHa BEJIMYMHA CPETHETO 3HAYCHUS payca
<R> =10,5 cM u goBepuTeNbEHOTO WHTEpBaNa (ommOKN m3Meperns) AR = 0,6 cMm . BaucanTs Benn4InHy IUIOMIA N KpyTa.

ITnomanp Beraucisercs mo gopmyne S = TR? , TJIe HaJ0 3a/1aTh Takxke yucio Ti. Ecam npunsats 7= 3,14 , To morper-
Hocth 3amadus ATt=0,01/2=0,005. Torma S = T[I:QR>2 =3,14 [QIO,S CM)2 =346,185 CM2 =346 CM2.
o) o)

_ 2 2\
a—RmR + Tmn —\/(ZT[<R> DXR) +(<R> mT[) , UTO TIOCJIE TTOJCTAHOBKH YH-

2

Owmnoka Beruuciaenuss AS =

cen maet AS =39,5678 ecm” =39,6 cm”, T.e. S =346£40 cm?, a otrocuTensHas ommbra Eg = (AS/S)100% =11,4%.
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OTHOCHUTEJBHBIC OIMUOKH BBHIUUCIIIEMBIX BEJIMUMH BCEr/1a O0JIbIIe OTHOCUTEIILHBIX OIIMOOK MPU MPSMBIX
n3MepeHusax. Ho npu npaBuibHO NMPOBENEHHBIX SKCIEPUMEHTAX OHU He JOJKHBI npeBbimaTh 20-30%. |

3aMeTHM TaKXke, 4TO B3sIB TOUHOE 3HaueHue TU=3,141592654... monyunm ATT=0 u AS =39,5841 cM? . OmubKa BhI-
YUCIICHUS TIPAKTHUECKHA HE N3MEHUIIACh, TOTOMY YTO 33JIAHHYIO KOHCTAHTY 3aIHCalId C TOYHOCTHIO 0 TPeX 3HaJanux nudp.

3adanue: >xcnepumenTatop 20 pas 6pocan KaMeHb C KpBIIIH 34aHUs HOJ yriIoM O =45° K rOpH30HTY, CUMTAs, YTO HA-
JajipHas CKOpOCTb KaMHA V) = 8,0 m/c . Cpeanee BpeMst OT MOMEHTa OpocaHUs KaMHA 10 €ro MaJIeHUs Ha 3eMIII0 0Ka3aJoch paB-
HBIM <t> =3,6 c, a goBeputenbHblil nHTEepBa Ar =0,5 ¢. BeruncauTs BbICOTY 31aHUS /i U HAWTH OTHOCHUTENbHYIO OMIMOKY Ej,

(B %) Takoro BHIYMCIICHUSI.

3ansitue 7. Tema: O0padoTKa IKCNIEPUMEHTAIBHBIX TAHHbIX:
NMpaBWJia NOCTPOeHUs rPa(PKOB M BHIYUCJIEHHS NMOTPEIIHOCTH CEPUH M3MepeHu i

3.8. I'paguueckoe npeocmasnenue pezynrvmamos usmepenuti u eviducienuil. llpasuia macumabuposanus epa@uros.
Odopmnenue oceii epagpuka. Ilpasuna nocmpoenus epaguxa no IKCNEPUMEHMATLHO HAUOEHHBIM TMOUKAM C YKA3aHUEeM 008epu-
MeNbHbIX UHMEPBAIIOs.

Kak npaBuiio, pe3ynsTaThl IPOBEICHHBIX H3MEPEHNHN IPEICTABIIAIOTCS HATJIIAHO: B BUJE TpaUKOB, THArpaMM, TaOIuI]
W.T.II. DTO HAJO JEIATh IPABUIBHO.

B Tabnumax He THUOTYT CIUIIKOM Majible HIIH CIIUIIKOM OOJNBIITHE YHCIa ¢ OOMBIINM YHCIIOM HyJeH. 7 3TOro ucmons-
3YIOT paCCMOTPEHHBIEC paHee IMPUCTaBKH. Ho eciii pe3ynbpTaThl xKeIaTeabHo 3anucaTh B cucteMe CU, To HCTONMb3yI0T MHOKHATEN

10" . Hanpumep, x =12500000 m =12,5 MM =1,25 107 m , m=0,000056 kr =56 Mkr =5,6 10~ xr.

Ecau otnenpHOE YHCIIO 3aMMCaHO ¢ MIOMOIIBIO TaKOTO MHOXHUTEJIA, TO IIEPE] 3aMATOMN JOKHA CTOATh €IUHCTBECH-

Has nudpa: HenpaBunbHas 3anuck: m =56 107 kr. IIpaBunbHas 3amuce m =5,6 007 kr.

Bce n3mMepeHHbIe BETMYUHBI TOJKHBI IPUBOAUTEHCS B TAOIHUIAX ¢ PA3MEPHOCTSIMH, HO Pa3MEPHOCTb M MHOYKHTE-
mu 10" He HazO 3amUCHIBATH AT KAKAOTO 9ucia. Ilepen CTpoKoil Tl cTON6IOM YHCeN B TaOIHIe HAJ0 yKa3aTh

CHMBOJI BCIIMYWHBI, eé PasMEPHOCTb U MHOXKUTECJIb 10” . 910 03Ha4YacT, YTO BCC MPUBOJAUMBIC YUCJIa YMHOXKAIOTCA
Ha 3TOT MHOXXUTEJIb U UMCIOT YKa3aHHYI0 pasMCPHOCTb.

Ilpumep TIpaBUIBHO COCTABIICHHON TaOJHIIBI, B KOTOPYIO 3alIMCAHBI PE3yIbTaThl H3MEPEHHS 3aBUCUMOCTH BEJTHIHHEI TO-
Ka [ , TeKymero depe3 TPaH3UCTOP, OT BEIMINHBI IPIIIOKEHHOTO HanpspkeHus U :

I, MKA 2,87 2,98 3,22 3,38 3,56 3,77 3,98 4,12 4,30
U, MB 6.4 6,6 6.8 7,0 1,2 7.4 7,6 7.8 8,0

JTa xe Ta6J'II/IHa, A€ BCC NaHHBIC MPUBCJICHBI B CUCTEME CHU:

1,x10°A | 287 2,98 3,22 3,38 3,56 3,77 3,98 4,12 4,30
U,x10°B | 64 6.6 6.8 7,0 1,2 7.4 7,6 7.8 8,0

To ke camoe crpaBeUIUBO MPH HOCTPOSHHUHU IPaHKOB:

Ha KayKJI0H OCH HaJ0 yKa3aTh CHMBOJI BEIMUMHEI, €€ pa3MepHOCTh 1 MEHOkHTenb 10" . D10 o3HaUaeT, uTo BCe

3HaYeHUs!, OTIOKEHHbIE BI0JIb 3TOH OCH, YMHOKAIOTCS HAa MHOKUTENb 10" 1 MMEIOT yKa3aHHY0 Pa3MEPHOCTb.

IokaxxeM OIMIMOKHU, KOTOPBIC YACTO JOMYCKAIOT MPH TO- 1, MKA HENPaBUIILHO! HEBEPHO BBIOpaH
cTpoeHnu rpauKkoB. Bo-mepBhiX — 3TO HENMPABUJILHO BHIOPaH- 0 0 T | MacmTtab u
" o T-—-r——F——F——p———— —— =
HBIH MacIITad, KOr/ia HayaJioM OTcyeTa ocell rpaduka BeIOHpaeTcs 4 U VI ucnonb30BaHa
T-——r1-——tr——F——r————7 F—1——
HyJICBOE 3HaucHHUE. B 3TOM ciydae, HampuMep, s TaHHBIX, TPHU- | R MAJIas YACTE TIOJIS
BEJICHHBIX B Ta0IuIle, TpaduK 3aBUCUMOCTH TOKA OT HANIPSKCHHUS 7 S T R S SR SR B rpaduka
| | = + +
OyneT 3aHMMaTh OYCHb MaNyI0 00acTh ucTa. bosbinas yacth T TS ——
JIUCTA OCTAHETCs IYCTOM, a 10 MalleHbKOMY TpaduKy TpyAHO 6yaer 24— -4-—+——p——L- -1 1 1
YCTAaHOBHUTH KaKHe-TUOO CIIEACTBHS. it R e e
. 1.,,¢ O s T T P P
Ecnu 3T0 He yka3aHO CHelnHaibHO, TO MACIITa0, YKa3bIBACMBIi R
S S T O S S S
Ha 0OcsX rpaduka Hal0 HAYHHATH ¢ MUHUMAJIBLHOTO 3HAYEHHUsI R U,mB

| |
0TO0paKkaeMoii BeJJMYMHBI M 3aKAHYMBATh MAKCHMATbHBIM O 1 2 3 4 5 6 7 8
3HaveHneM. Toraa rpaguk 3afiMeT Bce MOJe JHCTa.




ZIeJIEHHS HA OCH HEMPaBUIILHO!
IOJIZKHBI CJIEOOBATH 430 I, MKA P
uepe3 PaBHbIE 4”12': 7777777777777777777 0
IIPOMEXKYTKH 3984 -——————————————- v
HeJIb3sI 3T ===~ S
OTKJIAABIBATh HA 3,564 ——————— e
OCH M3MepeHHble _ 3,387 -~ S B
3HAYEHUS 3227 - T
2984+ 1L L

U,MB

6,6 6,8 7,0 7.2 7.4 7,6 7.8 8,0
OIOPHBIC 3HAYCHUS BEJIMTINHBL U na M

[octpoennslie Ha rpadrKke TOYKH HEIB3S COSNUHATH JIO-

MaHO¥ HITH JI000# Mpyroi THHUEH, n3rubdas e€, Kak MoKa3aHo Ha
pHUCyHKe cripaBa. Kak mpaBuito, T00bIe 3aBHCHMOCTH O0TOOpaka-
FOTCS TTaJJKUMH KPUBBIMHU, U3MEHSIOIIMMUCS MIaBHO. OTKIOHE-
HHUE TOYCK Ha rpaduKe OT TaKOil ITaBHOI KPUBOU — 3TO pe3yiib-
TaT CJICNIAHHBIX OMTHOOK M3MEPCHHUS UIIA BBIYUCIICHUS.

Jlunwro rpaduka HagoO MPOBOIUTH MEKAY SKCIEPHMEHTAb-
HBIMU TOYKaMHU. Ecnu u3BeCTHO, YTO 3aBUCHMOCTD JOJDKHA
OBITh IMHEHHOM, TO Ha/I0 IPOBECTH NPSMYIO MEXIY TOUKAMH
C IOMOIIbI0 TUHEHKU. Ecny Bua 3aBUCUMOCTH HEU3BECTEH, TO
MPOBOAAT IUIABHYIO KPUBYIO.

TaK JINHAIO "Mexay"
SKCIIEPHMEHTAILHBIMEI
TOYKAMH HE IPOBOJLIT

C€CJIH IIOCTPOUTH
JOBEPUTCIILHBIC
HUHTEPBAJIbL

mupuHoit 2A X
¢ IICHTPaMH B
HKCIIEPUMEHTAIIBHBIX

TOYKaX, TO
ToIaKast TMHUS

rpaduka npolizer B
TIpejietaX dTHX
HHTEPBAJIOB

(B IIpeenax
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WL W AR
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Ha ocsix rpaduika Henb3si OTKIIAIBIBATh 3HAYCHUS 3a/1aH-
HBIX BEJIMYWH, U KOTOPBIX CTPOUTCS rpad K, KakK 3TO
CIeTaHo Ha PUCYHKe cieBa. Henp3s Ha ocax rpaduka
OTKJIAIBIBATh OTIOPHBIE 3HAUEHUS depes JT00kIe HepaBs-
HBIE TIPOMEXYTKH.

HHTepBaJ’[H OIIOPHBIX 3HAYCHUH BCJIMYHUH, OTMC-
YCHHBIX Ha rpa(bm(e JOJIZKHbI OBITH OJIUHAKOBbI-
MM, KaK 3TO CACJIaHO Ha OCH a6CI_[I/ICC.

Ecnu rpaduk cTpouTcs Ha JUCTE MUJUTUMETPOBKH HIJTH
Ha JIFOOOM JINCTE “‘B KJICTOUKY , TO MEMKIY IBYMS OMOP-
HbIMH 3HAYEHHSAMHU HA OCH KOOPIAMHAT JOJIZKHO ObITh

2,4,5 nau 10 kaerovek. Torma Mex Iy HIMH JIETKO HAHTH JF000€ TPOMEKYTOUHOE 3HAUCHHE.

TTOJTyYeHHBIE HA . MKA
rpadMKe TOUKH i ‘
HeJb3s COENIUHATL |~~~ ="~ ~"|HempaBuIsHO! T
HH JIOMaHOM, -
HHM BOJIHHUCTOM
JIMHHEH

O

rpaduk momkeH

OPOXOANTH MEXKIY
3THUMH TOUKaMHU

WWWWwhbhhs~
ONER N O

6,6 6,870 727476 78 8,0

>

Ecmm OKCIIEPUMECHTAJIBHBIC TOYKH ABHO HE JIOXKATCA Ha Ta-

KYIO KPHBYIO (PUCYHOK CIIeBa), HaJl0 HOCTPOUTH Ha rpaduke oTpes-
KU JIOBEPHUTENBHBIX HHTEPBAJIOB INUPUHOH 2Ax C LIEHTpaMH B Ha-
HECEHHBIX TOYKaX. JTH MHTEPBAJIBI IIOKA3BIBAIOT MPEICITBI JOMYC-
KaeMBIX omnOoK. KprBas rpaduka JomKHA IPOXOIUTE B TIpeaeax
JTIOBEPUTEIHHBIX HHTEPBAJIOB.

[IpaBunbpHO MOCTPOCHHBIH TpadUK MPHUBEICH HA PUCYHKE HIKE.

1,x10"°A wm I, mMxA

'+ rpaduk 3aHsI
BCe MO,
macitab - gepes
paBHBIE NPOMEKYTKH,
rJIaakas JUHUA
rpaduka mpoxomuT
MEKAY TOYKAMH

6,6 6,870 727476 78 8,0

3.9. Onpedenenue nozpeutHocmu SKCNEPUMEHMANLHO HAUOEHHBIX TUHEUHbIX 3A8UCUMOCEN MEMOOOM NAPHLIX MOYeK.
3.10. Ilocmpoenue zpauxa u viuucienue 008epUMENbHBIX UHMEPEAIO8 MEMOOOM NAPHLIX MOYeK HA NpumMepe 3a0aH-
HbIX pe3yIbmamos usmepeHutl hu3u4eckux Geautun C6sA3aHHbIX TUHEHOU 3A6UCUMOCTIBIO.

J1o cux 1op Mbl HAXOIUITU MOTPEITHOCTH OJHOKPATHO MITH MHOTOKPATHO U3MEPEHHON BETHYMHBI IIPH OJTHUX U TEX XKe
YCIOBUSIX M3MEPEHHS, KOT/Ia, B HJeaje, OJDKHO MOJMYIHThCS OJJHO MTPaBUIIbHOE 3HaUeHHe. Ternepb paccMOTPHUM Cliydail n3Mepe-
HUS 3aBHCHUMOCTH JIBYX BEIIUYHH, JJIT KOTOPOH CTpOUTCs rpaduk. B o0miem cirydae 3aBUCHMOCTh 0ToOpaskaeMast Tpad)ukoM, aHa-
JM3UPYETCsl METOIOM HAMMEHBIIMX KBAJAPaToB. MBI UcCiIeyeM OoJiee MPOCTON METOI NAPHbIX TOUYEK, MPeAHA3HAYCHHBIN s

aHanw3a JIMHEHHOM 3aBUCUMOCTH Y = kX , KOTOpast ONPEISISIeTCS BETUMIHHON K03(-

¢unmenta k . 3agaya — HaAUTH ATOT KOAPPUIIMEHT 1O MOCTPOSHHOMY TPa(UKYy. BNR
X1 X2 X3 X4 X5 X6 XN 3/}6
s
Yi [ Yo [ Y3 [ Y4 | Y5 [ Ve IN 1
%
Ay T
Tak xak Ay = kAx, 10 |k =—=tga|, tne Ay u Ax - KaTeTsl TPEYroIbHNKA, THIIO- 1
Ax AL
TEHY301 KOTOPOTO OyZAeT ImpsiMast JMHUSL, TIPOBEACHHAS MEXKTy SKCIIEpUMEHTaIbHBIMHU K]
TOYKaMH, T.e. KOOQPHUIHEHT Kk - 3TO TAHT'€HC yIJia HAKIOHa O TaKoil JMHUM K OCH X . BN
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Ho Hackoapko TOYHO MBI IPOBENH 3Ty JTuHUIO? Eciin €€ HeMHOTO MOBEPHYTH 110 YaCOBOM CTpesiKe WK MPOTUB, OHA TO0-
MPeX)HEMY MPONAET MEKIY TOUCK rpaduka, HO yrol O u koddduiuent k m3mensaTcs. C Kakoil TOYHOCTHIO MOTYYaeTCS OTBET?

y

HaXOJUM CPECIHCKBAAPATUIHOC OTKJIOHCHHUEC

YT0OBI OTBETUTH HA DTOT BOIIPOC, COCAUHNUM OTPE3KaMU IMMapHBIC TOYKU (qepe3
OJHY WJIHN Y€pe3 L[Be) W HalIeM TaHT€HCHI YIJIOB HaKJIOHA 3TUX OTPE3KOB K OCHU X (Ha

JICBOM PHUCYHKE TOYKH COCIUHCHBI YEPE3 O,I[Hy):
klztgqlzu; M; k3:tgq3:
X3~ X X4 —Xp

Y573 .

geeeeey

X5~ X3

ky =tga, =

YN "IN-2

AN TAN-2
(unu y ). Kakue-To yrisl HakioHa O; OynyT 6oiblie, KaKue-TO — MEHBIIE, HO B Cpejl-

ky—y =tg0pyn_ ,rae N —4HciI0 U3MEpEeHHBIX 3HaUeHUH BEIMYHHBI X

HEM HaayT MpaBUJIbHOC 3HAYCHUE, KOTOPOC HUIIIEM IO NPUBCACHHBIM BBIIIC (bopMynaM

(1="S k fiv-2)=

kj +ky Hhsy .ty

N2 . JI1st HaXOXKICHHST ONIHOKH

CpeaHero

Sk

¥ JTOBEPUTEIBHBIN HHTEPBAI —_—.
N-2

Hmoe: o U3MEPCHHBIM C MMOTPEUTHOCTHIO 3HAYCHUAM IIEPEMCHHBIX X U Yy , CBA3aHHBIX JIMHEHHOM 3aBHCUMO-

CTBIO Y = kX, MOXHO CJICNIaTh BBIBOJ] O BEIMUMHE KOdDdUIMeHTa K :

TCJIbHYTO MOTPEITHOCTD BBIYUCIICHUA 3TOTO KOSq)q)I/II_[I/IeHTa

k= <k> + Ak|, a TaxKe OLIEHUTH OTHOCH-

E; =(0k/(k))000%.

prl/tep: nagCHUEC HAIIPSAKCHUSA U Ha COIMPOTUBJICHUN R cBs3anO OPOTEKAOIIUM TOKOM 1 nm-

HeWHOM 3aBHCHUMOCTBIO

,HJ'I)I OIPCACICHUA BEJINIYNHBI CONPOTUBJICHUA R 6bumn HU3MEPCHBI 3HAUCHUS HAIPSAKCHUA TPU PA3HBIX
3HAYCHUAX TOKA U 3aHCCCHBI B CICAYIOIIYIO Ta6nnuy:

U=RI (3axon Oma).

HOMED U3MEpPEHUs I 1 2 3 4 5 6 7
Tok [, A 1 2 3 4 5 6 7
Hanpspkenue U , B 10 10 20 40 30 40 50

501
40
30
20
101

0

[To maHHBIM, 3aHECEHHBIM B TaOJIHILY,
HaXOJM JIOBEPHUTEIHHBIA HHTEPBAI

Sk 1 N3 2

= = [— R —(R
=2,550m.

OwnoKky u3MepeHust ObUTN OYeHb

60.]'[I>HII/IMI/I, OTHOCHUTEJIbHAS IMOTPEeI-
HOCTh BEIYUCJICHHSI R paBHa

AR

(R)

HO, TEM HC MCHCC, PE3YJIbTAT MOJYUCH:

R=(R)*AR=7,00+2,55 Om.

Ep = H00% =36,4%,

B takux npeaciaax JOJKHO HaXOAUThCA
HUCTUHHAasA BCJIMYNHA CONIPOTUBIICHUS R

3aMeTI/IM, YTO UBMCPCHUA MPOBOANIIUCH OYCHb He6pe>1<H0, C O'pOMHBIMU
omubdkamMu. I10 BUAHO IO 3KCIICPUMCEHTAJIBHBIM TOYKaM Ha MMOCTPOCHHOM Fpa(l)I/IKe 3a-

sucumoctu U =U (I ) , KOTOpBIE COBCEM HE JIOXKATCS Ha MpsiMyto TuHU0. Ha atom rpa-
(ke (pUCYHOK ClIeBa) MEXy TOUYKaMU MPOBEJICHEI Be npsiMble uanu I u I1. Ho onu
JAIOT pasHBIH pe3ysbTarT s Benmuuunbl R = AU/AI , Tak Kak yroj HaKJIOHa 3TUX JMHUI
k ocu ! pasmuaeH. U3 otHomenus katretoB AU u Al (1TOKa3aHHBIX HA PUCYHKE JIIS
auauu I) Haxogum Ry =9,7 Om, Ry = 6,7 Om . Kakoit oTBeT Bepen?

Bocnonb3yemcst METOJIOM HapHBIX TOYCK, 3aHOCS PE3yJIbTAaThl BEIYUCICHHS B
CJICAYIONIYIO TaOJIUILYy

HOMED i R;, Om Ri_<R>’OM (Ri—<R>)2,OM2
1 U.-U - 5-7=-2 4
R = 3 1:20 10=5
L-1, 3-1
2 _U4—U2_40—10_15 15-7=8 64
2 14_12 4_2
3 U -U - 5-7=-2 4
Ry = 5 3=30 20:5
15_13 5_3
4 Ug—U, _40-40 0-7=-7 49
R4: = =0
16_14 6_4
U, -U - 10-7=3 9
Ry = 7 5:50 30:10
17_15 7_5
5+415+5+0+10 B}
(R)=222120 00 =700 S (R ~(R))* =130
i=1

(cpaBHUTe ¢ pe3ynbTaTamMu R; u Ry, momydenHsiMu 1y rpaduxos I u 11, moctpoeHHsIx 6e3 aHaIM3a).
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3aoanus: obs13aTeNbHOE TSI BBIIIOJTHEHUS 3aJlaHHE I CaMOCTOSTEIbLHOM pa6OTI)I IO YKa3aHUIO IpernoaaBaTeis.

3ansaTue 8. Tema: XapakTepruCTUKY KHHEMATHKH MOCTYNATEJIbHOI0 JIBHKEHUSA

4. OU3HYECKHUE OCHOBBI MEXAHUKHU. KHHEMATUKA I1OCTYHATEJIPHOI' O []BHDKEHUA
4.1. Ilpedcmasnenue npousBoIbHO20 OBUICEHUS 8 BUOE CYMMbL NOCMYNAMENbHO20 U 6pawamenbHo2o ogudicenus. Ilpu-
Mepul

[T1060e ABIKEHHE MOKHO CBECTH K CyMMe IIOCTYIIATE/I5HOTO ABIKCHHS H BPALICHHs] OTHOCHTEILHO HEKOTOPOH OCH,
IMocTynare/pHbIM ABHKEHUEM HA3bIBACTCS TAKOE JBIKCHHUE, IPH KOTOPOM BCE TOUKHU TEja
JIBIDKYTCS TI0 OZIMHAKOBBIM TpaeKkTopusiM. [103ToMy [UIst ONHCaHHs OCTYNATeIBHOTO ABUKECHHUSI
JIOCTATOYHO PACCMOTPETH JBHKCHUE €IMHCTBEHHOM TOYKH WITH YaCTHIIBL.
[Tpu BpallleHHH BOKPYT 3aKpEIUICHHON OCH BCE TOYKH Teja IBHXKYTCS MO OKPYNKHOCTSIM,
HMEIOIUM OOIIYIO OCh.

Ipumep: MBUXKEHNE CTYJa HA PUC. a HE OYAET BpaIlaTeIbHBIM. JTO MOCTY-
nmaTebHOE KPUBOJIMHEHHOE IBIKEHHE MO OKPYKHOCTH, KOTJIa BCE TOYKH TeJa
JIBIOKYTCS TIO OJTMHAKOBBIM TpaekTopusiM. Ha puc. 6 n3o0paxeHo BpamareiabHOe
JIBIYKCHHUE CTYJIa: BCE €r0 TOYKHU OMUCHIBAIOT OKPYKHOCTH BOKPYT 00IIEH ocH
BpameHus OO', HO paTUuyChl ITHX OKPYKHOCTEH pa3IHYHBIL.

3aoanus: xakuMm OyneT MBIKEHHE KaOWHKH Kojieca 00O3PEHHUS B IMapke
artpakuroHoB? JIBmxenue JlyHbr Bokpyr 3emnu? JIBmkeHue 3eMId BOKPYT
Comnnua?

4.2. Bvibop cucmemer omcuema. Paouyc-eexmop. Tpaexmopus 0gudcenus yacmuysl. Bekmop ckopocmu. 3asucumocmo
CcKOpoCmU U paouyc-8eKmopa & ciyide Npou380abHO20 KPUBOIUHEUHO020 08udiCeHUs (UCNO0Ib308aHIe NPOUBOOHOU U UHMeZpald &
3a0a4ax KUHEMAMUKY NOCIYRAMENbHO20 OBUNCEHUSL).

UroObl 3amucaTh 3aKOH IOCTYNATEIBHOTO WJIM BpamaTelbHOTO
JBUKEHHSI, HaJ0 OMPEIENIUTh KOOPAMHATHI NBIKYILIErocs Tena (J4acTu-
IbI), BBOJI CUCTEMY KOOPJMHAT: JCKAPTOBY, IIIMHAPHICCKYIO WK c(e-
pudeckyro. Jlanpiie Mbl OyieM MOJIb30BaTHCS JEKAPTOBOH CHCTEMOM KOOp-

_ IMHAT, KOTOPOE 3a/1a€T CUCTEMY OTCUETA.

CHavajia paccMaTpiBaeM IOCTYNAaTeIbHOE IBIDKCHIE YaCTHIIBL, TI0-
JIOXKCHHE KOTOPOH 3amaercs e€ paamyc-BeKTopoM 7 . ['eomerpmueckoe
MECTO KOHIIOB PaJInyC-BeKTOpa MpeICTaBIseT KPUBYIO, HA3bIBAEMYIO Tpa-

SKTOpHeH. 3aBUCUMOCTh PAJMyC-BEKTOpA YACTHIIBI OT BpEMEHH 7 = F(f) Ha3bIBACTCS KMHCMATHU-

YeCKHM 3aKOHOM JBIKEHHUS (3TO YpaBHEHHE TPACKTOPHUH).

W3menenne paamyc-Bektopa 7 3a Bpemsi Af HasbpiBaeTcs mepememeHueM: Ar =7 — 7, . Bek-
TOp MEPEMEIIICHUSI COBIIAIACT 10 BEJIMYMHE C XOPJOH, MPOBeACHHOM 3 Touku 1 B Touky 2. [{nuHa
IyTH TPACKTOPHU MEXAY 3THUMHU Toukamu Al HaspiBaeTcs myteM. [Iyiss OECKOHEYHO MAJOTO Bpe-
MEHHOTO MHTEpBalia df COOTBETCTBYIOIEE OECKOHEYHO Majoe MepeMelleHre d7f HampaBlICHO IO

7
TPACKTOPUA
KacaTeJIbHO! K TPACKTOPHH B TOUKE 1, a ero BequInHa (MOTyJb) paBHA MyTH: |d?| =dl.

CKO[!OCTL}O YaCTUIIbl HA3bIBACTCSI BCKTOpHAA BCJIMYWHA, paBHAAd HpOI/I3BO,HHOﬁ OT paJguycC-BCKTOpa MO BPEMCHU HOIPEIAC-

AF _ dr -
JiaeMas paBeHCTBOM 1 —_— = CKOpOCTL V BCeraga HanpaBneHa 10 KacaTeﬂLHOﬁ K TpaeKTOpI/II/I.
YN WAY S/
oy _|dF| _dl .
Benwuuna ckopocth, |V = |V| = 7 = ;, paBHa MPOU3BOJHON OT MyTH MO BpeMeHH. HOT/1a UCTIONIb3yeTCs TIOHATHE CPEJi-
t t

HeH CKOPOCTH: OTHOIICHUA MCPEMEIICHUSA K UHTCPBAJly BpEMCHHU, 3a KOTOPOC OHO MPOUCXOAUT < > AF/AI

Takum 06pa30M, 3Hasl KHHEMAaTUUYEeCKUN 3aKOH JABWXKXCHUS, MOKHO ITPOCTHIM ,HI/I(b(bepeHHI/II)OBaHI/IeM IO BpEMCHHU HalTH CKO-
POCTH B 10001 MOMEHT BpEMCHHU (H[)ﬂMaﬂ 3aJa4a KUHEMAaTHUKH). Ha060p0T, 3Has Ha4YaJIbHbIC KOOPJAUHATHI ;:0 B HayaJbHBIM MO-

Z = i 7
TPACKTOPYS MeHT BpemeHH £, =0, MOXHO HaiiTH TPacKTOPHIO JBIKEHUS dacTubl F(f) (oOpaTHas 3amaua

TeJIO

KHHEMATHKH): |7 (f) =1 +Ith .
oTCueTa

[NonoxxeHne 4acTHIBI B 000N MOMEHT BPEMEHH OIPENEISETCS TPeMs ee KOOpAWHATAMH
y X Y, Z , KOTODbIE 3aBUCAT OT BPEMEHH, X = x(), y=y(@), z=z(t), 1 ABISAIOTCA MPOCKIHIMHU

/ y paanyc-BEeKTOpa Ha OCH KOOPJMHAT: |?(t) = 7x(t) +Jy (t) +kz (t)| ,
X

rae i, 7, k - CANHUYHBIC BEKTOPLI, NN OPThL ,HeKapTOBOﬁ CHUCTEMbI KOOpJAWHAT.
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HpOI/ISBOHBHOG JBWKCHUC YaCTHUIIBI MOKXHO pacCMaTpUBATh KaK CYMMY HE3aBHCHUMBIX JIBHOKCHHH 110 KOOpAWHATHBIM

b

ocsIM X, y, Z:||Vy :E’ Vy = o’ v, = 2l BenmunHol (MOxyeM) CKOpOCTH OyAeT |V = Jvi +V§, +V§ . HaoGopor, 3Has mpo-

CKIIUU CKOPOCTHU, MOXKHO HaWTH KOOPAUHATLI ,HBPI)KyIIIeﬁCH qaCTUulhbl B 1000 MOMEHT BPEMCHMU:

t t t
xX(0) = xo + [Vo(D)dt, (@)= yo + [vy0dt, z(t) =z + [ v, (D)t
0 0 0

3aoanus: Y
3 41 3
— _ - 4 ==
1) Panuyc-BekTop 4acTUIBI H3MEHSIETCS BO BPEMEHU 110 3aKoHy 7 = —4i +41" [ . | s
|
B MoMeHT BpeMeHHr ¢ = 1 ¢ dacTHIa okaszaiach B TOUKe A (pUCYHOK cnipaBa). Kakum OyneT nmpaBHiIh-
HOE HaIpaBJICHHE CKOPOCTHU YACTUIBI B ’TOT MOMEHT BpEeMEHHU? \C
_ - o= 1
2) U3 ToukM ¢ pagnycoM-BEKTOpOM 7y =16i —8 j Hauana cBoe ABMXKEHHE yacTHLA. Ee ckopocTs us- x
MEHSETCs 0 3aKOHY V = 4t T +2r [Jj . Yepes ckoJbKO CEKYH/I YacTHIa nepeceder och 0x ?
OtBert: uepes 2 c.
t 3 t 4
3) Paaguyc-BeKTOp YacTUIIBI 3aBUCUT OT BPEMEHH 110 3aKOHY 7 (t) =i m(—j +jB+k m(—] ,rmerne A=B=C=2M,
T T
T =1 c . Uemy paBeH TaHT€HC yIjla MEeXJy BEKTOPOM CKOPOCTH ¥ U OCBIO zZ B MOMEHT BpeMeHH ¢ =1 c?
Ortser: 0,75.
4%) Cxopocts Tedenns pekn pasHa u = 1 m/c. Illupuna pexn s = 24 M. [110BeII, HMEIOIINI CKOPOCTH - b~
v =0,8 M/C OTHOCHTENBHO BOJBI INTBIBET IPOTHB TEUEHUS MO TAKMM YIJIOM 0. K OEPETY (CM. PHCYHOK), - ~ o = - - T -
1 TIePeIUTBIBACT PEKY ¢ HANMEHBITUM CHOCOM b OTHOCHTENBHO ncxoaHoi Touku O. Haith 3TOT Ham- - " vS-
MEHBIINH CHOC b. = G - \L—_
Ortser: by, =18 M 0
5%) JIeBblit KOHEI HCATEHOTO PE3UHOBOTO IIHYPA, KOTOPBIil MOXKET PACTATHBATHCS 5
e
10 OECKOHEYHOCTH MPHUKPEIICH K CTEHKE. [IpaBbIi KOHET HAYMHAIOT TSHYTbH CO - v
ckopocTeio v =1 m/c. OMHOBPEMEHHO KYK, CUJEBIINI HAa MPABOM KOHIIE HAUMHAET /

TOJI3TH T0 MTHYPY K CTEHKE CO CKOPOCThI0 u# = 20 cM/c oTHOCHTENbHO MIHypa. HavanbHas mymHa maypa [ =1 M . 3a kakoe BpeMs
YK JIOTIOJNI3ET 10 CTCHKU?

OtBer: 3a 147 cexyHn
3anstue 9. Tema: Kunemarrnka KpuBOJIMHEHHOTO NOCTYNATENBHOTO ABUKEHUS

4.3. Boiuucnenue nepemeujeHus u nymii, NPotOeHHo20 Yacmuyel.

[TepemenieHre 4aCTHIBI U3 TOYKH C PAJUYC-BEKTOPOM 7| B TOYKY C paJHyc-BEKTOPOM 7p (PaccTOSHHE MEXIY dTUMU TOUYKaMH)

AMEET BEIMIUHY |?2 —?1| = \/(x2 —x1)2 +(y2 - )’1)2 "‘(22 _Zl)2

t t
[IpoiineHHsIi yacTUIICH 32 BpeMs ¢ TIyTh ONpEAeNsIeTCs MOayJeM e€ CKOpocTH |s(f) = jv(t)dt = .f A IVX2 +Vy2 +VZ2 dt
0 0

3aoanus:
1) Yactuia Hauana cBoe JABMXKCHUE U3 HAYala KOOPAMWHAT, U €€ CKOPOCTh 3aBHCHUT OT BPEMEHH I10 3aKOHY

4
— s - t o
v(t) = (z A+ B)[—j ,tne A=B=1w/c, T =1 c. Kakoii myTh npojienaer gactuua 3a Bpems t =1 c?
T
Ortser: 0,283 m.
2) YactHia Hayana cBoe ABMKECHHUE U3 TOUKH C PaJNyCOM-BEKTOPOM 7 = —j[C co cKOPOCTHIO, KOTOPAs 3aBUCHT OT BPEMEHH TI0
t 4 t 3
3aKOHY \7(t) =i m(—j +j B(—] ,rtneA=B=1wm/c,C=0,5Mm, T =1c . Hailtu paccTosiHue Mex1y YaCTHIIEH U HA4YaJIOM
4 T

KOOpJIUHAT B MOMEHT BpeMeHHu f =1c¢.
Otset: 0,320 M.
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4.4. YCKOpeHue. 3asucumocmo YCKOpeHUs u CKopocmu 6 ciydae npou3eojibHOco Kpu@O]luHeL?HOZO 08UdICEeHUSL (uCYlOJlb-
306arnue npous’@oduoﬁ u unmeepaia 6 300a4ax KUHEeMAamuKu nocmynamenbHoco a@quCeHuﬂ).

[Ipou3BoIHAs CKOPOCTH YaCTHIIBI IO BPEMEHH, T.€. BEKTOp |d = lim F = 7 = ——| Ha3bIBACTCA YCKOPEHUEM HACTHILBI. 3Has
A0 At T dt

CKOPOCTb YaCTHIIBI, MOXKHO TIPOCTHIM A epeHnpoBaHreM 10 BpeMEHH HaliTH e€ yCKOpeHne B IF000i MoMeHT BpeMeHH. Ha-

000pOT, 3Hast yCKOPSHHE YaCTHIIBL, a TAKKE 68 HAYaIbHYI0 CKOPOCT V|, YaCTHIEI MOJKHO HAfTH BEKTOP CKOPOCTH YACTHUIIG! B

t
70001 MOMEHT BpeMeHn: |V(1) =V, + .f adt| . B mpoeknusx Ha OCH KOOPJAMHAT TH YPaBHEHHS UMCEIOT BH]T
0

_dvy _d_zx _dVY_dzy _dL

= Z

a ,a ,a .
Yodt gt At gt P dr a?

MoayneM (BETMYHUHOM) CKOPOCTH M YCKOPEHHUS OYIyT |V = IV)Z( +V§ +V§ u |a= ,/af{ + ai + ag .

3aoanus:

d2z t ! t
=— v, (1) =y, +jaxdt, vy (1) =V, +jaydt, v, () =V, +jazdt
0 0 0

1) HauanbHas cKOpOCTh YaCTHIBI paBHA V() = -16i =9 , a ycKOpeHHe MEHSETCsS BO BPEMEHH T10 3aKOHY @ = 463 7 +8¢° [Jj . Ye-
pe3 CKOJIBKO CEKYHJ CKOPOCTh YaCTHLIbI OKa)KETCs epleHANKYIsipHON ocu Oy ?
Ortser: uepes 1,5 c.

2) LIepe3 CKOJIBKO CCKYHJI YCKOPCHUEC YaCTUIIbI 6y,ueT MCPHEHAUKYIIAPHO OCHU Yy, €CJIN paANyC-BEKTOP YaCTUIIbI 3aBUCUT OT BpEMC-

3 4 6
HU TI0 3aKOHY ?(t)=7D4[£] +j B(Lj —A(Lj +l€ﬂfﬁinmt, T=1c, A=B=C=1 M,w=n/2 pan/c.
T T T

OtseT: 0,632 ¢

2
+ t - t
3) CxkopoCTh 4aCTHIIBI 3aBUCUT OT BPEMEHHU IO 3aKOHY \7(t) =i DA(—] +j B(—j ,rme A =B=1wm/c,T=1c.Yepe3 CKOIbKO
14 T

CEKYH/]] YCKOPEHHE YacTHIIBI OyIeT HanmpasieHo mox yriiom 30° k ocu y?
OtBeTt: 0,385 ¢

4) YacTuna ABMXKETCS MO 3aKOHY I(t) = iAt +](Bt —Ctz) +KE ,tme A=50m/c, B=200wm/c, C=25m/c?, E=100wm. Haii-
TH YToI O MeXIy BEKTOpaMH CKOPOCTH B YCKOPEHHS YaCTHIIEI B MOMEHT BpeMeHH t = 3 ¢. [lonyunTs ypaBHEHHE TPaeKTOPUH
YaCTHIIBI ¥ YKa3aTh [OJIOKEHHE YaCTULIBI Ha TPAEKTOPHH B MOMEHT BpeMeHH t = 3 c.

2
A
5) Kamenp 6pocuiau o yriioMm O = 45° K TOPU30HTY ¢ HaYaIbHOM CKOPOCTBIO vV, = 10 M/c ¢ Bepimuub! Oanman. Kamens yman Ha

3eMJTIO HA PACCTOSHHUE § = 30 M OT mogHOXus Gamrau. Kaxosa Beicota h 6ausu? Hpuusts g = 10 m/c’.
Otser: 60 M.

B
Otset: 0. =135°; y=—x— -- mapabouna.

6) MaseHbKas JIATyIIKa HAaXOJUTCSI Ha PacCTOSSHUU | = 1 M OT CTEHKH U MPBITAET ¢ HAYAJIbHON CKOPOCTBIO V
= 4 m/c. CTeHKy KaKoif HanOOJIBIIeH BEICOTHI MOXKET IePEeNpHITHYTh Jarymka? [puasate g = 10 m/c 2,

2 2
v 1
Omser: h, =-2- g > =4875¢cm.
2g  2v,
6) B MomenT =0 mrap “2” HaynHAET MajaTh O0€3 HAYAIBHON CKOPOCTH C BEPTHKAIBHOTO 00phIBa, a map “1” ¢ ¥
HAYMHAET CKOJIb3UTh C MOCTOSHHON CKOPOCThIO V = 10 M/C 110 rOpH30HTAIBHON OBEPXHOCTH IO HAIpaBie- 2

HUIO K mapy “2”. Tpenue otcyrcTBYyeT. UeMy OBbLIIO paBHO IEPBOHAYAIBHOE PACCTOSIHIE [ MEXAY LIapaMH B !
MOMeHT ¢ = (), eciIM U3BECTHO, 4TO MIap “2” OyneT HaXOJUTHCS Ha HAMMEHBIIEM PacCTOSHUM OT mapa “1”
CITyCTSI TIPOMEIKYTOK BPEMEHH f =2 ¢ Tiocie Hadana asmkenns? [Ipumsts g = 10 m/c’.

OtBet: [ =60 M

4.5. 3a0auu kunemamuKu 08UNHCEHUS C MEHAIOUWUMUCI CO BPEMEHEM CKOPOCMbIO U YCKOPEHUEM.
IIpumep: B cirydae paBHOYCKOPEHHOTO JIBIDKCHUS @, = const MOITydacMm

2
agt

t '
Ve = Vox +axfdt=V0x ta,t ; x=x +J'(V0x +axt)dt=x0 +vott
0 0
3adanus:

1) B HavanbHbIi MOMeHT t =0 YJacCTulla HaXOWJIaCh B Ha4aJIC KOOpAWHAT U HMMCJIa HaYaJIbHYIO CKOPOCThH VO = _jVO , rac
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Vo= 2,5 M/c. Jlanee dacTuIa ABUTAIach C yCKOPEHUEM a = iAt + ]B , e A=3wm/c’, B=1wm/c> Haxkakom YAaJICHUH OT

Havasia KOOpAMHAT OKaKeTCS YacTHIIAa B MOMEHT BpeMeHHu t =2 ¢ ?
OtBer: 1=5M

2) YactHa Havana cBoe ABMKCHUE U3 Hadala KOOPAMWHAT C HAYallbHOM CKOPOCTBIO V() = (f -J ) [A u c yckopeHueM, KoTopoe
P 2

3aBUCHUT OT BPEMEHHU I10 3aKOHY é(t) =jJ B(—j ,rae A =2 wm/c, B=3 m/c’, T =1 c. UeMy paBHa BeIMUHHA CKOPOCTH YaCTHIIB! B
T

MOMEHT BpeMeHH ¢ =1 c?
Ortset: 2,24 M/c.

4.6. Hopmanvnoe u maneenyuanvhoe yckopenue. Paduyc kpususnvl mpaekmopuu. 3a0ayu KUHeMAmMuKy KpUGOIUHeUH020
HOCMYRAMENbHO20 OBUINCEHUSL.

n

CBsKeM C TUTOCKON TpaeKTOpHEeH IBIKCHHS YaCTHIBl €CTECTBEHHYIO CHCTEMY KOOpAWHAT,
W3 B3aUMHO TEPNEHAMKYJISAPHBIX OCEH: KAaCaTENbHOW (ENMHMYHBIA BEKTOp 1, HAmpaBIICHHBINA
BJIOIIb BEKTOPA CKOPOCTH YaCTHUIIBI) M HOPMAIK (€IMHUYHEIM BEKTOP 7i , HANIPABIEHHBIH K LIEHTPY

KpUBHU3HBI TpackTopun). [1o onpenenenuro T U 72 u |T| = |ﬁ| = 1. Orcrona cienyer

™
TPaeKTOPUA .
(BEKTOp CKOPOCTH BCET/Ia HATIPABIICH IO KacaTeIbHON K TPASKTOPHH).

Uto0bl HaliTH yCKOpeHHWE, BO3BMEM NPOHM3BOJHYIO OT STOTO TPOM3BEICHHS MO BPEMEHHU

- __d, . _dv_, K dt

(BekTOp T WMMeEET eJMHUYHYIO BENTUYHHY, HO TIOBOPAYMBAsICh B MPOCTPAHCTBE, 3aBUCHUT OT BpeMEHH): d = — (VT) = —T+v—.
dt dt dt

IMepBoe cnaraeMoe HAMPABIICHO MO KACATEILHON K TPACKTOPUH M HA3BIBACTCS TAHTCHIUAIBHBIM (KACATEILHBIM) YCKOPEHUEM:
_ _dv. dv

ar = 7‘[ .| Ero MOOYJb |dy = 7 paBE€H HpOPISBO,Z[HOﬁ OT BEJIMYUHBI CKOPOCTH 110 BPEMEHH, ITIO3TOMY TAHICHIMAJIBHOE yC-
t t

KOpeHHE XapaKTepHu3yeT H3MeHeHHe CKOPOCTH 10 BeJTHYHHE.
Bropoe ciaraemMoe HampapieHO [0 HOPMAJIH K TPAEKTOPHH, XapaKTePHU3yeT M3MEeHEHHE CKOPOCTH M0 HANMPABJIEHHIO U
o dt v
Ha3bIBAETCS HOPMAJIBHBIM YCKOPEHUEM: |4, = V7 = En 31eck R~ paauyc OKpYKHOCTH, KOTOPYIO MOKHO BIIMCATh B JAHHYIO
t
KPUBYIO JIHHUIO Tpaekropur. OH Ha3bIBACTCS PAJUYCOM KPHBH3HBI TPAeKTOpHH. MOJyidb HOPMAIBHOIO YCKOPEHHS paBeH

V2
a,, =

"R

HUe.)

T

<

(3aMeTI/IM, YTO B CIy4Yac ABMIKCHUSA YACTUIIBI IO OKPYKHOCTU — 3TO XOPOHIO M3BECTHOC HEHTPOCTPEMUTEILHOC YCKOPEC-

Takum 006pa3oM, MONHOE YCKOPEHUE YaCTUIBI ¢ BCEr[a MOXKHO Pa3lIOKUTh Ha JIBE COCTABIISIIO-

Paextopna T AT

N Iye: TAHTeHINAIBHOE YCKOPEHUE dp W HOPMAaJIbHOE YCKOPEHHE d,: |d +d, |, npuYeM BEIHIH-

Ha (MOL[y.]'[L) IOJIHOT'O YCKOPCHUA |a = q’a-% + 615 . B YaCTHOCTH, PU ABUKCHUN YaCTUIIBI 1O HpHMOﬁ

\
%\< G auEd R - o, d,=0 u d=d;. A npu paBHOMEPHOM J[BIXCHHU YaCTHUIBI [0 OKPYKHOCTH
(02N ol ~ -
\ ;=0 mw a=a,.
0
3adanus:
1) ITo xaxoii TpaexTopuu OyaeT ABUraThCs YacTula B cirydae a; >0 u a, =const ? y

2) Ha pucyHke cripaBa n300paxeHa II0ckas KpHBas, HasbiBaeMas KIoTous0i (cnupanbio Kophio). Touka A
JIBUKETCS BJIOJIb 3TOM KPUBOH B HAIIPABICHUH, YKa3aHHOM CTPEJIKOH, ¢ IOCTOSHHOM 10 BEIMUYHUHE CKOPOCTBIO. 0 X
UTo nNpoucxXoauT NpH 3TOM C BETHUUHHOI €€ MOIHOT0 YCKOPEHU?

3) CkopOCTh YaCTHIIBI H3MEHSETCS BO BPEMEHH 110 3akoHy v = 2¢[d +3t[J . Bo ckosbko pa3 6yIyT OTIMYATHCSA BETMIUHBI TaH-

TEHIUAJIBHOTO YCKOPEHUS YaCTHIBI B MOMEHTHI BpeMeHH | =1 cu 1) =2 ¢?

4) MarepuanbHast Touka M cB0O0THO 0€3 TPeHWMsI CKOJIB3UT B TIOJIE CHJIBI TSDKECTH T10 TIaJIKUM CTEHKAM CHM- A MAB
MeTpuyHO siMbl (A 1 B — HauBbIcIve ToUkH oabeMa). Kak HampaBiieH BEKTOP MOJHOTO YCKOPEHHSI MaTepH- 0
albHOM TOUKHU B Toukax A, B u O?
5) Kamens 6pocunu moji yriom K TOpu30HTY €O CKOPOCTBIO V(). Ero TpaekTopHs B 0JHOPOAHOM ig .
- Vv

OJIe TSKECTH M300pakeHa Ha pucyHke. COMPOTUBIICHUS BO3IyXa HET. UTO MOKHO CKa3aTh O o =
HOPMalbHOM 4, W TaHTCHIHMAJIBbHOM d; ycKopeHuax Ha ydacTkax AC u CE? byner nm ux Benn- B D

A 1=
YMHA PacTU WM yMeHbIIaThCcA? UeMy paBHBI a, U a; B Touke C? UTO MOKHO CKa3aTh O 3HAKe *

MIPOEKINH TAHTCHIINAJIBHOTO YCKOPEHHS Ha HampaBJieHne T 7
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6) YacTuliia U3 COCTOSIHHS IMOKOS Hayayia ABUTaThCs MO AYTre OKPYXKHOCTHU pajuyca R=1w™Mco CKOpPOCTBIO, MOYJIb KOTOpOﬁ

2 .
3aBHCHUT OT BPEMEHU 110 3aKOHY v = A Eﬂt/ T) ,rae T =1 ¢, A = 2 m/c. HaiiTu TaHreHc yria Mexx,y BeKTOPOM MOTHOTO YCKOPEHUS

U BEKTOPOM CKOPOCTH YaCTHII, & TAK)KE OTHOIIEHHE HOPMAJILHOTO M TAHT€HI[HAILHOTO YCKOPEHHS YaCTUIIBI uepes Bpems ¢ = 2.
OTBeTHI: 8; 8

7) Ky3HeunK IpHIraeT ¢ HEKOTOPOM HAYaIlbHOM CKOPOCTBIO 1o yritoM o = 60° k ropuzonty. OnpeaenuTsh paanyc KpUBU3HEI €70
TPaeKTOPHUHU Cpa3y MocIie MPBIKKA, €CJIM B BEPXHEH TOUKE TPACKTOPHS UMEET paanyc KpuBu3Hbl R =40 cwm.
Oteer: R(t=0)= R/cos’o =32 m.
8%) YacTuna, IBHKYIAsCS ¢ HEGOMBIIONH CKOPOCTBIO Vo MO OKPYKHOCTH pajamyca R, HAauMHAET yCKOPATBCA TAK, UTO BENMUHHA
€€ TaHTeHIIMAJHLHOIO YCKOPEHHs paBHA BEJIMYMHE HOPMAJIBHOTO ycKopeHus. HalTh 3aBUCHUMOCTH CKOPOCTH YacCTHUIIBI OT MpPOM-
JIEHHOTO MYTH U OT BpEMEHHU.
Otser: v =vyexp(s/R); v=v R/(R=vyt), tne t<R/v,.

3augarue 10. Tema: Kunemarnka BpamaTebHOTO JBHKEHUS

5. KHHEMATHUKA BPALIJATEJIBHOI'O JIBH)KEHUAL.

5.1. Venoeguvle kunemamuueckie nepemenuvie. Bekmopul y2na nogopoma, Y1060t CKOpocmu U y2n08020 yckopenus. He-
adouMuUBHOCHb NOBOPOMOE OMHOCUMENbHO PA3HBIX OCEll 6PAUYCHUS.

5.2. 3asucumocmyu yena nosopoma, yeno8ou CKOpocmu U y2n08020 YCKOPeHUs 6 cyude NPOoU3BoIbHO20 8PAUAMENbHO20
O0BUIICEHUSL BOKPY2 HENOOBUIICHOU OCU (UCNOAL30BAHUE NPOU3BOOHOI U UHMESPATd 8 3A0a4aX KUHEMAMUKY 6pAuamenbHo20 06U-
JHcenust).

3a Bpems df TPOHMCXOIUT TOBOPOT Teja Ha yron d¢ . [TosToMy BMeCTO JMHEHHBIX XapaKTepu-

3yeTcst BEKTOPOM yTJTa oBopoTa d@ , HAalpaBJIEHHBIM IO OCH BPAIIECHUS 10 IPABUITY IPABOTO BHHTA.

__db
BI)ICTpOTa HU3MCHCHUA yTJIa HOBOPOTA XapaKTECPU3YyETCA BEKTOPOM VFJ'IOBOI71 CKOPOCTH W= 7 N
1

HalpaBJICHHBIM TaK K€, KaK U BEKTOP dqj , T.C. IO OCH BpalllCHU IO IPpaBUJTy IPABOTO BUHTA.

it

MpPaBbl .
dg& i CTHK BBOJIATCS YIJIOBBIE XapaKTEPUCTHKU: TOBOPOT Tejla Ha OECKOHEUHO Manblit yron d¢ xapakrepu-

Y
Eme oxgHa kmHEMaTHYECKask XapaKTePUCTHKA BPAIIAaTEIEHOTO JBWKCHHUS — BEKTODP YIIIOBOTO YC-
L _d® .
KopeHus| € = BexTop yrioBoro ycKOpeHHs COBIAJaeT MO HANPABICHHIO C BEKTOPOM YTIOBOW
t

CKOPOCTH TIPH YCKOPEHHOM BpAIICHIH M IIPOTHBOIIOJIOKEH €My ITPH 3aMEAJICHHOM BpAIICHUH.
3ameuanue. Ecu NOMEHATh MECTaMH MOPALOK JBYX HEepEeMEIICHU, TO pe3yabTaT He U3MEHHTCS: 7| +Fy =7y +7, a pe-

3y/IbTaT CIOKEHHS IBYX KOHEUHBIX YTJIOB MOBOPOTA (ABYX MOCIENOBATEIbHBIX BpAILleHU) 3aBUCUT OT UX Mopsaka (0T mocaeno-
7 BaTeIbHOCTH Bpamenuit): §, +§, # §, +§, . Hanpumep, paccMoTpuM aBa MOCIETOBATEIBHBIX T10-

a), %
1 o> o
%‘ = y — I BOpOTa TIpeaMeTa (CTyla) Mo YacoBOH cTpeike Ha yroi Tt/ 2. Ha puc. a m300pakeH BHaJaje Io-
v @ BOPOT CTYyJIa BOKPYT OCH X, @ 3aTeM — BOKpYT ocu z . Ha puc. 6 cTyn BHadaie BpailaiT BOKPYT
X x OCH Zz , a 3aTeM — BOKPYT OcH X . KOHEUYHbIC MOJIOKEHHSI CTyJIa 3aMETHO OTIHYAIOTCS IPYT OT APY-
6), 1
X

7
ra, T.e. § sBIsIeTCS HEOOBIYHBIM BEKTOPOM. TeM He MeHee, OECKOHEYHO Majble YTl MOBOPOTA

MOJKHO cKnajbiBaTh BekTopHO: df); +d, = d§, +d§, , Tak kak npu H3MEHEHHHU TOPSIIKA CIOXKe-

HUSI OECKOHEYHO MaJTbIX BEKTOPOB Pe3yibTaT OyNIET OTINIATHCS Ha Oec-
KOHEYHO MAajayl BTOPOro IOpsaKa O((d ¢)2) , KOTOPOM MOXHO IIpe-
HeOpeub. [10PTOMY MOXHO CKJIaJIbIBaTh BEKTOPHI YIJIOBOH CKOPOCTH U YIJIOBOI'O YCKOPCHHS:
G)pes :G)l +G)2’ épe3 :§1 +§2-

Tlpumep: TUCK KATHTCS TI0 KPYT'Y TI0 TOPU3OHTAIIBHON ILIOCKOCTH, COBEpIIAs BPAIICHHE C YIiIoBoii cko-  ( ( (J D
pocThio () BOKPYT CBOEH COOCTBEHHOW OCH H C YITIOBOM CKOPOCThIO () BOKPYT BepTHKAIBHOI ocH O. =2

Pa3zMepHOCTH YIITOBBIX BEIHYUH: [cl)] = pan, [oo] = pag/c=c, [8] = pa;[/c2 =c?. Yroxa noBopota B cuctreme CH Heo0-
XO0HMO 32/1aBaTh B Pa/iHAHAX.

B npocreiimux ciry4asix, 0coOO€HHO P BPallleHUH BOKPYT 3aKPEIUIEHHOI 0CH, MOYKHO OTPaHMYUTHCS MTPOESKINSIMH YTIIIOBBIX

do dw, _d*¢
(k)z =— SZ =—= _2 .

dt dt  dt
Kaxk ¥ B cimy4ae KHHEMaTHKH [TOCTYNATEILHOTO JBHYKEHUS, MOXHO PELINTh 00paTHYIO 3aaqy, 1 110 110 33laHHOMY KaK (DyHKIHU
BPEMEHH YIII0OBOMY YCKOPCHHUIO €, = £, (f) ¥ HavanbHEIM ycnoBusaM (W, ( =0)=w, u ¢ =0) =¢,) C IOMOIIBIO HHTETPATIOB

BCEKTOPOB Ha OChb BpalllCHUs, BAOJIb KOTOpOﬁ HampasJIAOT OCh Z :
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t
O(0) =g + [ (.
0

t
HaWTH KHHEMaTHIECKUI 3aKOH BpaIIeHS: |, () = Y, +jsz (r)dt
0

IIpumep: hopMyIBI paBHOIIEPEMEHHOTO BpamieHus ( €, = const ) aHAJIOTHYHBI ()OPMyJIaM PaBHOYCKOPEHHOTO MOCTYIATEIb-

HOTO IBIKCHUS: ), = W)y +&,7, (|)=(])0+0q)t+szt2/2.

3aoanus: , ®,0 5
1) duck Bparaercst BOKpYT CBOCH OCH, U3MEHsISI TIPOCKIIUIO CBOCH YTIIOBO# CKOPOCTH TakK, KaK IO-
Ka3aHO Ha pucyHke. Ha xakux ydyacTkax rpajuka 3aBUCUMOCTU (), (t) BEKTOpP YIJIOBOW CKOPOCTH 0 B D ¢
() HampaBJieH IPOTHUB OCH Z ? o
£z, pan/c? 2) TBepaoe TeNO U3 COCTOSIHUS TIOKOSI HAYMHACT BPAIAThCst BOKPYT
2 } ocH Z ¢ YIIIOBBIM YCKOPCHHEM, MPOCKIIUS KOTOPOTO U3MEHSIETCS BO BPEMEHH, KaK MMOKa3aHoO Ha
0 \ 107] rpaduke cieBa. B kakoii MOMEHT BpeMEHH yriIoBasi CKOPOCTh BPAILCHHS TEJIa JOCTUTHET MaKCH-
L 12V alel 8/ It c ManbHOIN BenmduHBI?
2 \\ ,,, pai/c
- L 4
I\
. . S HILNIA
3) TBepioe Teo HAYMHAET BpaIlaThCsl BOKPYT OCH Z C YIIOBOM CKOPOCTHIO, MPOEKIIUS KOTOPOI THRTARFAAY
H3MEHSCTCS BO BPEMEHH, KaK IMOKa3aHO Ha rpaduke crpasa. B kakoit MOMEHT BpEMEHH yTroJI Mo- 0 ITA e Te ol
L1 4 410 1 6 11U C
BOPOTA TeJia OTHOCUTEIBHO HAYaIbHOTO MOJIOKEHUS OyIeT MAaKCUMAITbHBIM? T T 1T
€ 2 .
z, pag/e 4) B HauanpHBIM MOMEHT BpeMeHu t = 0 TBepJoMy Tely IPUAAIHU YIIOBYI0 CKOPOCTh W, =4 paz/c

4 , BOKPYT OCH Z ¥ B TJIbHEHIIIEM TEJIO HCTIBITHIBACT YTII0BOE YCKOPESHHE, IPOSKIIHS KOTOPOTO H3MEHSI-

s €TCs CO BpeMeHeM, Kak 1Moka3aHo Ha rpaduke cieBa. B kakoit MOMEHT BpeMEHH yroJl IOBOPOTa Telia

0 ; 107 OTHOCHUTEIILHO HAYAIBHOTO TIOJIOKEHUS OYJIeT MaKCUMAITbHBIM?

i |2W4 ;6‘:,,5‘4 it e
) | . ‘
[TTTTTT]

5) Jluck Bpamaercs ¢ yrioBoi CKOPOCThIO, 3aBUCHMOCTh OT BPEMEHH KOTOPO# 3amaeTcs rpadukom. Haii-
TH MaKCUMaJIbHBIA yroJl MOBOPOTa JKcKa (B paJnaHax) B HHTepBasie BpeMeHu oT t = 0 1o =4 c, ecnu
Omax =2 c’l, a Tak)Ke yroJji, Ha KOTOPbIN TTOBEPHETCS JAUCK B MOMEHT f =4 C .

Ortsert: 3 paa, 2 paf.

6) I[I/ICK paaunyca R =1 M Hauan BpaliaTbCs BOKPYT CBOEH ocu TakK, 4TO YI'0JI €ro nmoBopoTa 3aBUCUT OT BPEMCHHU I10 3aKOHY
t

3 5
t
j - B[—j ,tne A =20 pan, B=3pan, T =1 c. Uepe3 CKOTBKO CEKYH]I AUCK OCTAHOBUTCA?
T T

o=4(

Ortser: gepes 2 c.

7) duck paguyca R =1 M Hayas Bpamathcs BOKPYT CBOEH ocu 6e3 HAYaIbHON CKOPOCTH C YITIOBBIM YCKOPEHHEM, 3aBUCSIIUM OT
7
t N
BpEMEHH 110 3aKOHY & = A[—j rae A = 36 pag/c’, T =1 c. Ha kakoii yro (B pagpaHax) OH TOBepHETCs 3a Bpemst £ =1 ¢?
T

Otser: 0,5 pan.
8) KoJeco HaUMHACT BPAIaThCsl BOKPYT CBOEH OCH C YIIIOBBIM yCKopeHHeM € =4 pax/c”. Uepes KaKkoil MPOMEKYTOK BPEMEHH
YroJl M1y BEKTOPOM CKOPOCTH M BEKTOPOM YCKOPCHHUS TOYKH Ha 0007I¢ KoJieca CTAaHEeT PaBHBIM O = 45° 9
Otser: uepes 0,5 c.
9) PaBHO3aMe/JICHHO BpaIIAONIMICS MIKUB TMOBEpHYyJCS Ha yron ¢ =4 pax K TOMy MOMEHTY, KOIJla €ro yrjioBas CKOPOCTh
YMEHBIIUIACh B TpH pa3a. Hailtu Benmuunny yriaoBoro yckopeHus mkusa. Ero HayanpHas cKopocTs o, =6 pag/c.

OtBeT: €= 4(002 199 = 4 pan/c?.

®,, pag/c
4 10) Teno HaYMHAET BpaIaThCs BOKPYT OCH Z C YTIIOBOW CKOPOCTBIO, MPOEKIUS KOTOPOU U3MEHS-
eTCs BO BpEMCHH, KaK MOKa3aHo Ha rpaduke cieBa. Ha kakoil yroia OTHOCHTEIBHO HAYaJIbHOTO 110~
2 JIOXKEHUS OKAXKETCS TIOBEPHYTHIM TEJIO uepe3 8§ CeKyHI?
0 8 110 Otser: 10 pa.
L1l21416 t, ¢
2T
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5.3. Cea3b KuHemamuueckux NEPEMEHHBIX nPU NOCMynamejaibHOM U epaujamelbHoM osudICeHUU.

oY PaCCMOTpI/IM MPOU3BOJIbBHYIO TOYKY B TBEPAOM TCJIC, KOTOPOEC BpAIIACTCA BOKPYT 3aerHJ’IeHHOﬁ
ocu. U3 PpUCYHKa BHUJHO, YTO BCJINYHWHA OCCKOHEYHO MAajioTo MEePEMCIICHUSA (I/IJ'II/I HyTI)) TOYKH 6y,ueT

paBeH |d?| = Rd¢ =r sinBd¢ . D10 BenuunHA BEKTOPHOTO MPOM3BEACHUS dF = [dQS , ?] . Paznenus sty

dr _[d®
OpMYyJy MOYJeHHO Ha dt , TOAy4YuUM — =|—, F 701054 m 9TO CBA3b JUHEHHOM U yT-
bopuyay v 2|7 ;

JIOBOM CKOpOCTeﬁ. Benuuunsl 3THX CKOpOCTeﬁ CBs3aHbI MMPOCTBIM COOTHOIICHUEM m , TAc

<

R - paccTosiHUuC OT BBIZACJICHHOM TOYKH JO OCH BpalicHus.

1 0 B3siB mpon3BoIHYIO OT 3TO# (HOPMYJIBI IO BPEMEHH, MOJYYUM d = — = | —
X dt dt dt

Unu d = [é, 7] + [G), \7] . IlepBoe crnaraemoe HaIpaBIeHO MO KacaTeNIbHON K TPAa€KTOPHHU U SIBJISI€TCS TAHT€HIIMATIbHBIM YCKOPEHHU-

eM ” . Ero BenmmumHa cBsi3aHa ¢ BETMYMHON YIIIOBOTO yCKOpeHUs (popMyInoi .

BTOpOC cJ1ara€Mo€ HaIpaBJICHO K HEHTPY BpalllCHU U ABJIACTCA HOPMAJIbHBIM YCKOPCHUCM! Zin = |i(—x), [G), 7]]

av _| dw {a d?}
b r + w?

BennunHa HOpMabHOTO YCKOPEHHS CBsI3aHA C BEJIMUMHOM yriioBoii ckopocTu: |a, = W'R=v* / R| . [lonHOE yCKOpEHHe mpHU Bpa-

IICHWH YaCTHIIHI IO OKPYKHOCTH C PagiycoM R WMeeT BeNMUHHY d = \/ ar2 + a,% = R\/ g2 +w' .

//'\\ CTaBUThb B BUAC CYMMBI JIBYX ﬂBHH(eHHﬁ, MOCTYNaTCJIbHOTO CO CKOPOCTHLIO vV u Bpalla-

\

J =]= ! \
= = \R TENBHOTO C YIJIOBOM CKOPOCTBIO W=V/R BOKpYr ocu koieca. [Ipyu 3ToM HIKHSAA TOYKa
T v v Kojeca HenoaswxkHa (v, =0), T.e. CIEIIEHa C IOPOroH, a CKOPOCTb BEPXHEH TOYKU

<

B ,[ HpuMep: Ka4Y€HHUEC KOJI€Ca CO CKOPOCThIO V 0e3 IMPOCKAJIb3bIBAHUS MOXHO TPEA-

v

v =2v . Ecin xomeco OyzmeT ObIcTpee ABUTATHCS MOCTYIIATENBHO, Y€M BPAILATHCS, TO OHO

HAYHET MPOCKAIB3BIBATH (CKOPOCTh TOYKH A Ha pHCyHKe OyJeT HampapicHa BipaBo). [Ipu Oojiee OBICTPOM BpaIlleHHH KOJECO
NMPOOYKCOBBIBAET (TOUYKA A JIBHXKETCS BIEBO).

3aoanus:
1) Yemy paBHa BeTMYHWHA CKOPOCTH CAMOH JIEBOM TOYKH KaTAIIETocs 6e3 MpoCcKallb3bIBaHUS Kojieca (CM. pUCYHOK BhIIIe)?

2)YacTuia JBHKETCS BIOJb OKPYKHOCTH C PagMycoM 1 M B COOTBETCTBHMH ¢ ypaBHEHHEM ((f) = 2T[(t4 43 +612 -121+ 24) ,

rie § —yroxn B pannanax, ¢ — BpeMs B ceKyHaX. B Kakoii MOMEHT BpeMEHH BEMYHHA TAHTEHIMATBHOTO (KACATETBHOTO K TPa-

€KTOPHUH) YCKOPEHUS YacTUIIBI OyIeT MUHUMAbHA?
OTtBeTr f=1c.

3) YacTHIia ABMXKETCS [0 OKPYKHOCTH ¢ paguycoM R =10 cM B cOOTBETCTBUH ¢ ypaBHeHueM §(7) = 21‘[(1‘3 412 +61- 12) , TIe

¢ — yron B paguanax, f—BpeMs B CeKyHIax. UeMy paBHa BEJIMYMHA CKOPOCTH YaCTHIBI B MOMEHT BpeMeHHu ¢ =3 ¢ ?
OTBeT: 5,65 Mm/c.

4) YacTriia U3 COCTOSTHUS TIOKOS Hadasla JIBUTATHCS TI0 JyTe OKPYKHOCTH paauyca R =10 cM Tak, 9TO yroJ IOBOPOTa 3aBHCHT OT
7

t .
BPEMEHH T10 3aKOHY @ = A - | »rme A =1pan, T =1 c. HaiiTu TaHTeHIIHATBPHOE YCKOPEHHE YaCTHIIBI Uepe3 BpeMs f = 1 ¢ mo-

cJIe HavaJia IBHIKEHMS.
OrtBeT: 4,2 M/c2.

5) Yactuna JBHXKETCS TTO0 OKPY)KHOCTH € pagnycoM R =1 M B COOTBETCTBHH ¢ ypaBHeHHeM (1) = 21T(t3 -41% +61 —12) , The

¢ — yrox B paguaHax, f—BpeMs B CeKyHAax. UeMy paBHa BEJIMYMHA TIOJIHOTO YCKOPCHHUS YaCTHIILI B MOMEHT BpeMeHu [ =2 ¢ ?
2
Otser: 160 m/c”.
6) [TokouBIIAsICS YACTHIIA HAYAlla IBUTATKCS 1O IyTe OKPYKHOCTH paguyca R =16 cM ¢ yrIIOBBIM YCKOPEHUEM, KOTOPOE 3aBUCUT
7
t o -2
OT BPEMEHHU TI0 3aKOHY € = A 7| Haiitu HOpMmasbHOE ycKOopeHne 4acTuIlbl uepes Bpems £ =1c,ecnmu T=1c. 4 =3 ¢™.

Ortser: 2,25 m/c?.

7) IoxouBieecst KOJIeco HAUMHAET BpalaThcs PABHOYCKOPEHHO BOKPYT CBOECH ocH, U 3a BpeMst t = 2,5 ¢ ero yriosasi CKOPOCTh
nocturaeT BenuunHsl ® = 0,3pan/c , a yckopeHHe TOUKH Ha 000/1e Kojleca CTaHOBHTCS paBHbIM a = 0,06 M / ¢ *. HaiiTu paauyc

Komeca? OtseT: 40 cMm .



8%) Komeco paxmyca R = 0,5 M paBHOMEPHO BPAIAETCst BOKPYT 3aKPeIUICHHO# roprsoHTansHo ocu O. Cko- e
POCTB TOYKH Ha 000/1¢ KoJieca IpH 3TOM paBHa v = 5 M/c. Ha kakoii BeicoTe H HaJl ypOBHEM OCH JOJDKHA OTO- Y
pBaThcs 0T 000/1a KOJIeca MPUIIKITIIAS KATlis BOJIBI, YTOOBI B3JICTETh HAJl KOJIECOM HAa MaKCHMAIbHYIO BBICOTY? H
Hpunsats g = 10 M/c>.

Otsert: 10 c™m

9&) Koneco paguyca R xaturcs 6€3 CKONIBKEHHS T10 FOpPI30HTaJ'II:H0171 IUIOCKOCTH C ITOCTOSTHHOM CKOPOCTBIO V. B

HavaJbHBI MOMEHT BpeMeHH ty =0 Touka A Ha 000je KoJieca COMpHUKacanach ¢ IIOCKOCThI0. Haiitu ckopocTh
V  Touku A B MOMEHTHI BpeMeHW: a)t==t,=0; 6)t=nR/v; B) t=aR/(2v); 1) t=aR/(3v) .
7 OtBeT: a) VA=0; 0)VA=2V; B) Vo= \/Ev; r) v, =2vsin (Vt/2R) =v.

3audarue 11. Tema: 3aKkOHbI JUHAMUKH MMOCTYIATEIBHOTO JBH)KEHUS

6. OCHOBKI JUHAMUKHU [1OCTYIIATEJIBHOI' O IBH)KEHUA

6.1. Ilepswiti 3axon Hotomona u cywecmeosanue uHepyudaibHuIX cucmem omciemad.

6.2. Ilonsamue o mamepuanvrou mouke. Umnyioc.

6.3. Cunel 6 3a0auax MeXaHuKu: CUlA MANXCeCMU, 8ecC, CULd HOPMANbHOU peakyuu, CUid YNpy2ocmu, CUida mpeHus
CKOJIbIHCEHUS U MPEHUSL NOKOS, CUNLA 8A3KO20 MPEHUSL.

6.4. Bmopoti 3axon Hotomona (ypasHenue 08udiceHust 0Jisk MamepuaibHol moyKiL).

6.5. Tpemuii 3axon Holomona u yciogus e2o npumMeHuMOoCmu.

MatepuanbHOe T€I0 C Maccoil 71, pa3MepaMH KOTOPOTro B JAHHBIX YCJIOBHAX MOKHO IpeHeOpeyb, Ha3bIBAeTCS Ma-

TepUaTbHON TOYKOH. [[BUKeHHE MaTepruaIbHON TOUKH XapaKTepU3yeTcsl BEKTOPOM UMITYJIbCa . Bxonsmas B 310 BeIpa-

KCHHE Macca XapaKTepHU3yeT CBOMCTBO TeJIa COMPOTHBISATHCS H3MEHEHHIO CBOETO ABIDKCHHS — HHepIuio. YeM Oounbie m , TeM
TpYAHEE YCKOPUTH MM 3aTOPMO3HTH TEJIO.
3aoanue:
1) npu KaKuX yCIOBUSIX MaTepUaTLHON TOYKOM MOXKHO HUIM HEJb3s1 CYUTATh OTJEIbHBIN aToM? uenoBeka? miaHery?
2) nBa OIMHAKOBBIX TUIACTHIIMHOBBIX IIapa CKOJB3ST C OAMHAKOBBIMH I10 BETMUYWHE CKOPOCTSAMH V W CTAJIKUBAIOTCS APYT
¢ aApyroM. Mo>KHO JI 3alACaTh JJIs UX UMITYJICOB paBeHCTBO mv +mv = (m+m) v', (V'= UX CKOPOCTh TOCJIE CTOJIKHOBEHUS)?

[pruuHOi TF060r0 U3MEHEHUS UMITYIhCA WIIK U3MCHEHUS IBUKCHUS MaTePHAaIbHON TOUKH (Ml (PU3MIECKOro Tena) sSB-
JIsSieTCsl B3aUMOIEUCTBHE C APYTUMU TesaMu. KolmuecTBeHHYI0 Mepy TaKOTO B3aUMOACHCTBUS HA3bIBAIOT CHIION. B pa3HbIX ciy-
YasiX OHO MPOMCXOIHUT MO-Pa3HOMY, IO3TOMY CYIIECTBYET MHOKECTBO BH/IOB CHJI, M Ka)KJBIH BHJI OITMCHIBAETCS CBOMM CHIIOBBIM
3aKOHOM. PaccMoTprM cuitel, HanboJee YacTo BCTPEUAroNIiecs B 3aa4ax MEXaHUKH.
1. I'paBuTaninonHas cuia (Cuia IPUTKESHHUS MEXIY JBYMS YaCTUIIAMH) OTIPEIEIeTCA 3aKOHOM
- mpm,

2  BCEMHUPHOTO TATOTCHUS Hrrotona Frp = —Gﬁe‘ s LAC Er — IMHUYHBIN BEKTOp, Ha-

}"1 —}”2

HpaBﬂeHHLIﬁ BIOJIb JIMHUH, coeauHstonie yactuinl. Eciu 4acTuiy /m, IIOMECTUTh B Ha4ajlo

. mym, _ _ 7
koopauHat O, TO 3TOT 3aKOH mpuMeT Buf: F p = -G———¢,, 1ae é,=—.
r

I'paBUTALMOHHYIO CHIly NPHUTSDKCHHS YaCTHUILBI IUIAHETOH 3alMCBIBAIOT TakKe B BUIe F, =mg|, Tae § — yCKOpEHHE CBO-

6oxnoro maaenus (g =9,81 M/Cz) .
2.Bec — 3T0 BepTHKaJIbHAs CUJa, C KOTOPOW TeJO JAeHCTBYET Ha omopy uiu nojasec. Kak mpaBuio, oHa 1o Besu-

| ¢ :
‘ g | 4yMHe paBHa cwiie N HOpPMaJIbHOHM peakIlMy ONOPEI.
IIpumep: B cBOOOTHO MajaromeM JUQTe BeC Maccakupa paBeH HYIIO (COCTOSHUE HEBECOMOCTH), XOTs Tpa-
i BUTALMOHHAS CHJIA TSHKECTH /Mg Ha HEro Mo-NpekHeMY JeHCTBYeT. p
% S .
= 3.Cuna ynpyroctu onpezensercs 3akonom I'yka: | Fyo =~k Ax|, rne Ax — 4 S =
’ T
mg | cMemeHue TOYKH IPUIIOKEHNUS CUIIBI OTHOCUTEIILHO TTOJIOXKEHUS paBHOBeCHs, k — X
ko3 dunument sxectkoctu. CTporo roBops, 3akoH ['yka 1eHCTByeT TOJIbKO IPH Ma- :\;\ ;
Ax
TBIX JehopManusx:. A% <<1. OgxHako, CymECTBYIOT CHJIbI, HE CBS3aHHBIC C JeopManueil ympy-
0
TOTO Tejla U MMEIoIe OOLIMH BHI: ,Te k =const,a X — CMELIEHHE OT M0JI0XKEHHs paBHOBeCHs (He 00s13aTeIbHO

Manoe). Takue cuibl Ha3bIBAIOT KBasuynpyrumu.
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4. Cunbl TpEHHUA BECbMa pa3HOO6pa3HLI. Ecnu nexaree Ha TBepL[Oﬁ TMMOBEPXHOCTHU TCJIO TAHYTH BJAOJIb IOBEPXHOCTHU CO
BCE OONBIINM ycuiuneMm, To BHa4YaJI€ OHO HE NMEPEMEIIACTCA U3-3a BO3HUKAIOIIECH CHIIBI TPEHUA TOKO4, HaHpaBJ’IeHHOﬁ IMMPpOTUBOIIO-

JIO’KHO BHEIIHEW cuile. OTa CHJIa TPEHMS 3aBUCUT OT NPUJIaraéMoi BHEIIHEN CUbl [y o 1

\\// MOXKET UMETh BEITHYUHY OT HyIIs 10 HEKOTOPOTO MaKCUMaIbHOTO 3HAYCHUS F 1y 1oy - Bomn

F et > Frp max » TO T€NO HAYNHACT CKOJIB3UTh, M HA HETO YK ICHCTBYET CHIIA TPCHHS

N - v
cKonbxkerus F., == WN—, wmmno moaymo |F., =UN|.
= v

| e ~ 3mecs N — HOpManbHas peakmus onopsl, | — ko3¢ durm-

Ey mg €HT TPEHUS CKOJbKEHHs, KOTOPBII 3aBUCUT OT MaTepuaa Teia u
MOBEPXHOCTH, U, UTO OUCHb BaXKHO, OT OTHOCUTEIILHOU CKOPOCTH
Tena.
3aodanue: ¢ NOMOIIBIO IPUBEJICHHON Ha PUCYHKE 3aBUCUMOCTH [l OT V OOBSCHHUTH MPUYHHY

3aHOCA aBTOMOOWIIS ITPH PE3KOM TOPMOKEHHH (CM. PICYHOK CIpaBa) B TOM Cliydae, KOTJa BOJUTEIb
PE3KO BEIBOpPAYMBACT PYIb BIIPABO.

Korma Teno cKOJIB3UT M0 KUIKOMY CJIOI0 CMa3KH WIIH JIBHKETCS B KHUJIKOW HITH Ta3000pa3HOl cpelie, TO Ha Hero JIEHCTBYET
CHJIa BA3KOTO TpeHUs. Bo MHOTHX cllydasx e€e MOXKHO CUHTATh MPOMOPIIHMOHAIEHON OTHOCUTEILHOW CKOPOCTH TeJla U HaIlpaBIIeH-

HOM TIPOTHUB JIBHXKCHHUS: F 34y = —NV|, THe K03)OHUIUEHT I 3aBUCUT OT CBOHCTB CPEIbI M Pa3MEPOB TEINA.

YpaBHEHUs! IBUXKEHUS, TIO3BOJISIONINE HAUTH TPAEKTOPHIO IBHXKEHUSI MaTepUANIbHON TOUKH, 3HAS IEUCTBYIOLINE HA HEE
CHUJIBI, OTIPENIeTISIIOTCS TpeMs 3akoHaMu HploToHa.

1-#1 3akoH Hpl0TOHA MOCTYJIMPYeET CYIIECTBOBAHNE HHEPIMAIBHBIX CHCTEM OTCUETa, NBIXKYIIUXCS APYT OTHOCUTEIHHO
JIpyra ¢ MOCTOSIHHOM CKOPOCThI0. BO BCeX Takux cucTeMax ypaBHEHHMsI IBHXKEHUS M 3aKOHBI MEXaHUKH COBEPILIEHHO OJMHAKOBEI.

2-ii 3akoH HploTOHA POPMYITUPYETCS TaK: CKOPOCTh N3MEHEHHS UMITYJIbCa YaCTUIBI (MATEPUATLHOM TOYKH) B HHEPIIH-
dp

aNbHOM CHUCTEeME OTCUeTa paBHA Pe3yNbTUPYIOILEl cuie, AeHCTBYIOMIEH Ha YaCTHUILY: o =Fpes = > F; .| 210 ypaBHeHUe
i

06I)I‘IHO HaA3bIBAKOT YPABHCHUCM JIBUKXCHMHS. Tak kak JacTulla UMCECT NMOCTOAHHYIO MacCy, TO NOACTaHOBKaA ]3 = mV B YpaBHCHUEC
d(mV) dav
—_ = m—

t dt

JIBMDKEHUS! IPUBOJUT K (hOpMYyIIe: =lma=>y, E .

1

3-i1 3akoH HpioToHA YTBEPIKAACT, YTO CUJIBI B3aMMOACHUCTBUSI JABYX YaCTHUII paBHBI 1O BEJIMYUHE, IPOTUBOIIOJIOKHEBI 11O

HANPABJIEHUIO ¥ HANPABJIEHBI 10 MPAMOH, coenuustome yacTuupl, T.¢. [ F; ; = —F ;; .| CTporo rosops, B Takoi (popMymupoBke

9TOT 3aKOH CIIPABEJIMB TOIBKO MMPU B3aMMOJICUCTBHUHU TOKOSIIIUXCS TEJ HITH TeJl, HAXOSIIHUXCSI B KOHTAKTE.
3aoanus:
1) mpuBeaKTE MPUMEP, KOT/Ia TPH ABMXEHUM Tel 3-if 3akoH HhioToHA OyIeT HapyIIeH.

2) Jlomanas TSHET Ipy3 ¢ TaKOH jke CHIIOH, ¢ Kakod Tpy3 TSAHET Jiomaas. OOBsICHUTE, TIOUYEMYy TPY3 TPO-
raercs ¢ Mecra? [loyeMy npu ManoM YCWIMHM JIOIIaTM HE YIAeTCs CABHHYTH I'Py3, a IIPU OOJBIIOM —
ynaercsi? Kak Hajo TAHYTH Ipy3, 4TOOBI CABUHYTH €T0 IPH HANMEHBIIIEM YCHIHHU?

HanpasneHne
ABUXEHUA

3)MarepuanpHas Touka M nBmkeTCs 1Mo mapabone (puc.l) B Ha-
MIpaBJICHNUH, YKa3aHHOM CTpenkaMu. ['paduKk M3MEHEHHUS BETUIHU-
HBI (MonyIsi) €€ ckopocTH TipuBeieH Ha puc.2. Ha puc.1 mokazano nmonoxxenune Touku M B
MOMEHT BPEMEHH t;. YKaKUTe Ha 3TOM PHUCYHKE HalpaBleHHe CHIIBI, AeHcTByomei Ha Tou-  PYe1 iy
Ky M B 3TOT MOMEHT BPEMEHH t;.

0t tp t3

4) MarepuanbHast Touka M 1moJ1 TeliCTBUEM CHITBI TSDKECTH HadWHAEeT 0€3 TPEHHS CKOJB3UTh 110 TIIa-
KO TIOBEPXHOCTH, CEYCHUE KOTOPO B BEPTUKAIBHOM IJIOCKOCTH MIOKa3aHO HA PUCYHKE cieBa. B ka-

KO TOYKe (MJIM TOYKaX) MPOEKIHs Ha TOPU30HTAIBHYIO OCh X JEUCTBYIOIIEH HAa TOUKY M pe3ynbTu-
pyIOIIel CHIIBI paBHA HYJIO?

5) MarepuasbHas Touka M IBIXKETCS TI0 OKPYKHOCTH CO CKOpocThio V. Ha puc.1 mokasan rpaduk 3a-  Puc.1
BHCHMOCTH IIPOSKIINH CKOPOCTH Vy Ha OpT T, HalpaBJIeHHBIN BOOIL ckopocTH V. Ha puc.2 ykaxute

i i Oty to tz ta
HalpaBJIeHUE CHJIbI, NEHCTBYIOIIEH Ha TOUKy M B MOMEHT BpEMEHH 1.
e
K 6) Mmynec Tena p; M3MEHWICS MOJ JEHCTBHEM KOPOTKOTO yJapa ! cTal M1T
4
1 -
= PaBHBIM D, , KaK IIOKa3aHO Ha PUCYHKE CIIpaBa. B kakoM HampaBieHHN Puc2 (31 2

=

(1,2,3,4) netictBoBaja cuia?




7) TeHHNUCHBIN MY JIETENI C UMITYJIBCOM p; (MaciuTad 1 HampaBJICHHWE yKa3aHbl Ha PUCYHKe). B meprnenaukymsp-

— 1 KTMie
HOM HampaBJICHUH Ha KopoTkoe BpeMst At = 0,1 ¢ Ha M9 1Io/IeficTBOBA IOPBIB BETpa € IIOCTOSIHHOM cuitol F = I *I‘J
1
40 H. KaxoBa cTana BeIMYNHA UMITYJIbCA P, NIOCIE TOTO, KaK BeTep yTux? A
OtBert: 5 kr [1/c
8) YacTuia ABMXKETCS B INIOCKOCTH TaK, YTO €€ UMITYJIbC 3aBUCHT OT BPEMEHH T10 3aKOHY —=

4
13(t) =i DA(L] +] B(ij ,rne T =1c¢,A=B=1xrW1/c. HaiiTu Tanrenc yria Mex/y ocblO y ¥ BEKTOPOM CH-
T T

JIBI, ICUCTBYIOMIEH Ha YaCTHIy B MOMEHT BpeMeHH ¢ =1 c.

Ortser: 1,2.
3
~ - t = t
9) YacTrna IBHXKETCS B INIOCKOCTH TAK, YTO €€ UMITYJIbC 3aBUCHT OT BPEMEHH T10 3aKOHY p(t) =i[Al—| +jB|—| ,rme
T T
T=1c A=B=1xr/c. Haiitu Moxyas cuibl, IeliCTBYIONIE]i HA YACTHILy B MOMEHT BpEMEHH [ =2 C.
_) OrtseT: 12,6 H
174 -
M“ 10) He6ompmroit mapuk Macchl 711 JETUT CO CKOPOCTBIO V| =4 M/C moJ yrioM O = 60° kK TOPH30HTY U TafacT Ha
7

: BEPTHKAIIBHYIO CTeHy. [Iociie Heynpyroro yxapa oH OTCKaKUBAaeT CO CKOPOCTBIO Vo =3 M/c mox yriom 3 =30° k

ropu3oHTy. Bpems coynapenus T = 0,001 c. Haiitu oTHOIIEHHE BETMYUHBI (MOAYJISI) CPEIHEN CUITBI HOPMalbHOM
peakuuu co CTOPOHBI CTEHBI K BEJIHMUKHE (MOIYJII0) CpeHEH CUiIbl TPEHUS [IapuKa O CTEHY.
Ortser: 2,34.

([ns pewenus na 3awamuu 11 maxoice mocym 6vimo 635imol 3a0anus 3auamust 12).
Baugrtue 12. Tema: HpI/IMeHeHI/Ie 3aKOHOB JUHAMHUKU MOCTYNATCIBbHOI'O ABUKCHUSA K 3aa4aM MCXaHUKU

6.6. Cucmema mMamepuaibHulX mouex (aOCOMOMHO meepooe meio u CRIOWHAS cpedd: HCUOKocmy, 2az). Umnyivc cuc-
membl MAmMepUaIbHbIX MoYex.

6.7. Lenmp macc cucmemvl MAMEPUATLHBIX MOYEK U GbIUUCTEHUE €20 KOOPOUHAM U CKOPOCHIU.

6.8. Bb1600 ypagnenusi nocmynamenbHo20 O8UNCEHUst OISl CUCMEMbL MAMEPUATbHBIX MOYEK ULU NPOMSNCEHHO20 meid.
3akon 0susicenus yenmpa macc.

JIro6oe MpoTsHKEHHOE TENI0 MM CHCTEMY TaKhX TeJ BCEr/la MOYKHO pa3OMTh Ha CTOJIb Masble Y9acTKH C MaccaMu i, , 4TO
UX pa3MepaMu MOKHO IPeHeOpedh M pacCMaTPUBATh 3TH YYaCTKH KaK YaCTHUIIHI (MaTepHaibHbIe TOUKH). [TomoxeHne Kaxkaoi u3
9THX YaCTHII 33JACTCS PAJHyC-BEKTOPOM T; .

Macca Bceit CUCTEMBI ONpPECACIIACTC KaK m = Zm i- Ha i -10 JacTUuily CUCTEMbI, B006HIC roBopsH,
i

,HeﬁCTByIOT KaK BHCIIHHUC CHUJIBI E CO CTOPOHBI OKPYIKAIINUX CUCTEMY TEJ UIN HO.]'ICI71, TaK U CyMMa

<7 BHYTPEHHMX CHUJI Z Fij CO CTOPOHBI BCEX OCTAJIbHBIX YACTHI[ CHCTEMBI. [103TOMYy ypaBHEHHE I -if
JEi
dp: - -
YaCTHIIbI 3AITMILETCS B BUJIE i F, + Z F;
X dr P

Yucnao Takux ypaBHeHI/Iﬁ PaBHO YHCITYy HaCTHULl B CUCTEME. HpocyMMI/IpyeM OTH YPaBHCHUA IJI1 BCE€X YaCTUIL] CHCTEMBI (T.e. CJIO-

’KHM BCE JICBBIC M BCE TPpaBbIe YacTn). Tak kak B cuity TpeThero 3akona Helotona Fj; = —F

'ji » TO CyMMa BCEX BHYTPCHHHX CHIL,

. = d - =
JIeHCTBYIOINIIMX HA BCE YaCTHIIBI CHCTEMBI, OOpanaetcs B Hysb: ), > Fy; =0. B pesynsrate nomyuaem - > b |=2F.
— — | = -
i j#i i i

BekTopHasi cymMMa MMITYJIbCOB BCEX YaCTHUI CHCTEMbI HA3bIBACTCS MOJIHBIM MMITYIbCOM CHCTEMBL: (Y p; = .m;V; = P|.
i i

BektopHas cymma Bcex BHEUIHWX CHUJI ABIISIETCS pPe3yJIbTUPYIONIEH BHEITHUX CHIL: z F; = Fypem |- TakuM 06pa3om, 3aK0H J[BH-
i

JKCHMS CUCTEMBI YaCTHUIl MJIM 3aKOH M3MCHCHM MMOJHOTO0 MMITYJIbCA CUCTEMbI YMTACTCS TaK: NPOU3BOJAHAA 10 BPEMEHH MOJHOI0

HUMIIYJbCa CUCTEMbI YaCTHIl paBHA pesyannpylomeﬁ BHEIIHUX CHJI:

dP _ ;
/ — 4BHem |

%:2%5

m

LleHTpOM Macc CHCTEMBI Ha3BIBAETCS TOYKA C PAINYC-BEKTOPOM , TJIe cymMMa OepeTcs 1o BCeM YacTHI[aM

cucteMsl. 13 3Toif (hopMyIIBI ClleayeT, 9To JeKapTOBEIMHI KOOPAWHATAMH IICHTPa Macc OyIyT
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Zmixi Zmiyi Zmizi
— —_ 1 —_ 1

Xe="——3 Ye="——3 ¢ =
m m m

Ecmm cuner TSAXKECTH, TPUIIOKCHHBIC K Ka)l(,[[Oﬁ YacCTHUIIC CUCTEMBI, HAITpaBJIC-
eed . HBbI B OAHY CTOPOHY, TO LICHTP MAacCC COBIIAAACT C ICHTPOM TAXKCCTU, KaK BUIHO U3

: m, Im, PHCYHKa CICB, IIe HAYATIO KOOPUHAT O COBMANACT C IIEHTPOM Mace, ==0mu
A\
g i/\ 7 > m;F; =0. YMHOXHB 3TO PaBEHCTBO Ha YCKOPEHHE CBOGOHOTO MaACHNs, IOy~
g m;g YHM YCIOBHE PABHOBECHS BECOB, B KOTOPBIX TOYKA ONOPBI IOMEILEHA B LICHTP Tsi-
xeetr: . m;gr; =0, (mgx, =m, gx,).
) N I ai 1 I
B3sIB IPOM3BOAHYIO 110 BPEMEHH OT 7y, MOIYUUM: —— = Vo =— — > m;F; =— Yy m;—-=—>"m;; =— Y. p;
dt m dt m*; d m7 m*;
W mve =Y m;v; =P|,
i

T.€. IOJIHBI HMIIYJIbC CHCTEMbI PABEH POM3BEICHUI0 € MACChI HA CKOPOCTh IIEHTPa Macc V.
IMosryunyin ypaBHeHHe JBH:KeHHs WU 2-if 3akoH Hbl0TOHA 171 moCTynaTebHOI0 ABM:KEHH 1106010 pu3ndecko-

ro TeJia HJIM CHCTEMBI TeJI: |— = —

LleHTp Macc CHCTEMBI JBHIKETCSl KaK YacTHUIIA, B KOTOPO# cOCpeoTOYeHa BCSI Macca CHCTEMBbI M K KOTOPOM MPHIIO-

KEHa Pe3yNbTHPYIOIIAs BceX BHEMIHUX CHJI. J[JIs ONMUCAaHUs MOCTYMATENBHOTO JIBIKCHHUS TOCTATOYHO 3aIMUCATh U

PEIIUTh YpaBHCHHE JABHIKCHHUS [ICHTPA MaccC.

Ipumepsl: neTsIne eI MPOILE MOPAa3UTh HE MPSIMBIM MIOTa1a-
Ve 4/\1 HHEM paKeThl, a 00JIAKOM OCKOJIKOB, MOJYYEHHBIX MPH €€ MOJpPbIBE.

A = Ientp macc C atoro obiaka OymeT mpoJ0KaTh JETEeTh MO TOH Tpa-
N\
=

o

i~
N \\\ "
N \[\ EKTOPHUH, 110 KOTOPO#i JIeTel 10 B3phIBA [IEHTP MACC pakeThl. TOYHO

C . TaK ke, IPBITHYB C BBIIIKH, IUIOBEL] MOXKET COBEPIIATH JTIO0OBIE KYIIb-
Fage len, OWTBI M TIOBOPOTHI BOKPYT EHTPA Macc, KOTOPbIH OYIET JIETETh Mo \
TOW K€ TPAEeKTOPHH, UTO U OPOLICHHBII KaMeHb — 110 napadoure.

3aoanus:
1) B smuke, cTosimieM Ha OYEHbB TIIAIKOM JIBIY, HAXOMATCS KOIIKA W MBIITh. MIX OETOTHS MPHUBOANUT K OECHOPSIIOYHBIM JBIKEHH-
SIM SITITUKA, XOTS CyMMa BHEUTHHUX CHJI, ICWCTBYIONINX Ha SAMIMK paBHA HYJIO U OH JIOJDKEH COXPAHATH COCTOSIHUE TIOKOS MIIM PaB-
HOMepHOTO ABMxkeHus. [Tlouemy?

2) ToT e MOJHOCTBIO 3aKPHITHIH U CTOSBIIMK HA CTOJIC HEMOABUIKHO SIIUK BAPYT Hayan ABUratbes. Bos-
MOXHO 71 3T0? Ecnm ma, To Kakas BHEUTHSS CHJIa 3aCTaBIIsET SIIMK CABUHYTHCS ¢ Mecta? Kakmm obGpasom
MOYHO 3aCTaBHUTh 3aKPBITHIN SNIUK IMOJ3TH BBEPX IO HAKIOHHOW TUTOCKOCTH? IloueMy HadyWHAET TBUTATHCS
CTOSIBILIMHM HA MECTE MeNexon?

3) Ha xparo HemoABMKHOH Tenexkku Macchl M = 320 kr u mmuHbl 1 = 12 M crosut genmoBek Maccel m = 80 kr. Ha kakoe paccTos-
HHE MePEMECTUTCS TEJIekKKa, €CIT YeJIOBEK NEPeAET Ha €€ MPOTUBOIOJIOKHBIN Kpail? TpeHreM TelleKKH O TOPU30HTAIBHYIO 10-
BEPXHOCTH ITpeHeOpeyb. OtBer: Ha 24 M.

4) HaiiTi MOTEHIMATBHYIO YHEPTHIO U BRICOTY IEHTPA MACC BEPTUKAIBHOTO CTON0a BEICOTHI H =9 M ¢ ceuennem S =40 cm *,

h
€CJIM TIJIOTHOCTh MaTepuajia cTo10a MeHseTcs ¢ BBICOTOH h 1Mo 3akoHY p =p, [1 _Ej , Tme p, =4 Kr/M°.
Otser: h.=4wm; U=p,SH?g/3=4,24]lx.

6.9. Pewienue 3a0au OUHAMuKy nOCMynamenbHo20 O8UNCEHUS: CKOIbIICEHUE NO HAKIOHHOU NIOCKOCMU, cCUcCmema 610K08
(noaucnacm) u m.n.

3aoanus:
1) Ha Bepumine HerosukHOM mpu3mbl ¢ yrmamu 0=30" u B=60" ycTaHOB/ICH HEBECOMbIil IKUB, KOTO-
pBIif MOXKEeT Bpamatecst 0e3 TpeHus. Uepe3 HEro NmepeKWHyTa HHUTh, K KOHI[AM KOTOPOW IMPUKPEILICHBI
TPy3bl ¢ MaccaMd m ;| = m , = m = 1 kr. KoaddunuenTsr TpeHns rpy3oB 0 MIOCKOCTH HPU3MBI
W, =, =p =0,2. HaliTu yckopeHHe rpy30B U CUITy HATS)KEHUS HUTH.

Otset: a =0,455m/c?; T =7,06H.

2) KoadpdummeHt TpeHns Tella 0 HAKIOHHYIO IJIOCKOCTh, 00Opa3yIonIyo yroa o = 45° ¢ TOPU30HTOM, paBEH
& 1 =0,5. IIpn kakoM Apyrom yrie HaKJIOHA IJIOCKOCTH BEJIMYMHA CUJIBI TPEHUS Teja O IJIOCKOCTh HE M3MEHUT-

ca? OtBert: ipu o' = arcsin (JLcosa ) = 20,7°.
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3) Ha HakIIOHHOM MIOCKOCTH HAaXOAUTCS IPpy3 Macchl m . KoadGumeHT TpeHns CKOIBKEHHS TPpy3a O TIoc-

kocth U =0,8. Ipu yriae Haktona O =60° Ha Teno AeHCTBYeT CMIa TPEHHS F, =4H UYemy paBHa

BEJIMYHHA CHITBI TPEHHUS, ISHCTBYIOIICH Ha TPpy3 Ip yriie HaKIoHa miockocta o =30° 2 OrtseT: 5 H.

4) Yepe3 HeBECOMBIH OJIOK NMEPEKMHYT HEBECOMBIN LITHYP, K KOHILy KOTOPOTO MPHUBS3aH YeJ0BeK Macchl m = 60 KT.
C xakoii crIoi 4eIoBeK JOJDKEeH TAHYTh 3a APYroil KOHEI| HIHypa, YTOOBI TOTHUMAThCS BBEPX?
N IINI N Otser: F=mg/2 =294 H.

5) Homucnacr (ycTpoicTBO Tt HoABEMA Tpy30B) cocTouT n3 N = 6 HeBeCOMBIX OJIOKOB, uepes
KOTOPBII MEPEeKUHYT HEBECOMBIH IITHYP, OJUH KOHEIl A KOTOPOTO MPUKPEIIEH K MOTOJIKY, a K
B JIpyromy koHiy B mongsenien rpy3 maccsl m = 60 kr. K moasmkHbIM 670KaM MOJIHCHACTA MOJBELICH
rpy3 maccel M = =300 kr. HaiiTi BeTHUMHY U HalpaBIeHUE YCKOPEHUs rpy3a M.
OtBert: a = g/41; BBepx!

m M

6) HeBecomas HepacTsDkUMasi HUTh OJHAM KOHIIOM IIPHUKPETICHa K MOTOJIKY B epEeKHHYTa Yepe3 IBa HEBECOMBIX
0J10Ka, KaKk IOKa3aHo Ha pucyHke. K cBoO0IHOMY KOHITy HUTH, CBHCAIONIEMY C OJIOKa ¢ 3aKpeIICHHOM 0ChI0, M K OCH
CBOOOTHOTO OJIOKA TIPHUBSI3aHbI TPY3bI ¢ CyMMapHO# Maccoit Xm = 4,8 kr. Macchl rpy30B To100paHbl TakK, 9TOOBI CH-
JIa HATSDKEHUS HATH OBbIJIa MaKCUMalbHON. HaliTi 3Ty MakcHMaIbHYIO BETUUNHY CHIIBI HATSDKCHUS HUTH. TpeHneM
TIpH BPAILICHHH OIIOKOB peHebpeun, npuHaTh g = 10 M/c’. Otser: F,,x = 16 H

7) K BepTHKanbHOM CTEHE MPUCIIOHEHA TOCKA, YITUPAIOIIAsICS HUXKHIUM KOHIIOM B TIOJ Ha paccTosHuU L = 6,1798 M
OT cTeHbl. M3 BepxHel TOYKH IO JOCcKaM 0e3 HaualbHOW CKOPOCTU COCKANIB3BIBACT HEOOJBIIOE TEI0, MPUYEM KO-
3¢ GUIMEHT TPSHUS MEKIY 3TUM TEJIOM M MaTepHasioM A0CKHU paBeH | = 0,5. J[;miHa TOCKHU 1 e€ Yol o ¢ BEepTHKA-
JIBEO TAKOBBI, UTO TEJIO COCKATB3BIBACT Ha MO 33 HANMEHBIIEE BO3BMOXKHOE BPEMS tyy,. [IpuHuMast g = 10 m/c”,

A

HaWTH 3TO BPEMS tyip. OTBeT: tpi, =2 C
(—L—>
8) Hebombiyro maitdy TOJIKAIOT BBEPX MO HAKIOHHOH IIOCKOCTH C HAYaJbHOM CKOPOCThIO Vo= 5 M/c. Koaddu- Vo
IUEHT TPEHUS ManiObI 0 mockocTh U = 0,75, a yroi o, o KOTOPBIM IUIOCKOCTh HAKJIIOHEHA K TOPU30HTY TaKOB, 4

9TO 1Iaii6a MPOXO/UT 0 OCTAHOBKH MHHHUMAJIBHEI ITyTh 5. HaifTn 5T0T myTh, mpramMas g = 10 m/c”.
OTBET: Spin =1 M

6.10. 3axonvl ounamuxu 6 HeunepyuarbHou cucmeme omcyema. Cunvl unepyuu.

HeI/IHeDHHaHLHOﬁ CHUCTEMOM OTCUETA HAa3LIBAcTCS .]'[IO6a$I CHUCTEMA OTCUCTA, ABMIKYIIAsACHA C YCKOPEHHEM OTHOCHUTEJIbHO
HHepHHaJIbHOﬁ CHCTEMBI 0TCUYETA.
IB HeHHCpHHaHBHOﬁ CHUCTEME OTCYECTA B YPABHCHUHU JIBMKCHHUA K CYMME BHCITHUX CHUJI HAJT0 ,I[O63.BI/ITB CUiry I/IHepHI/Il/II.
ap' _ . = =
—ma = zFiBHeLu +Fm—1
dt ;

Cunty uHepuuu Haiitu pocto. OHa paBHa Macce Tella, YMHOKCHHOH Ha YCKOpeHUE HEeMHEPLHAILHOW CHCTEMBI OTCUeTa d,

B3ATOE CO 3HAKOM “MuHYC”: | F = —md | CHIbI HHEPIHH OTINYAIOTCS OT "OOBIYHBIX" CHIT TEM, UTO OHHM 0OYCIIOBIIEHBI HE B3aH-

MojielicTBHEM Tel, a YCKOPEHHBIM JBI)KEHUEM CUCTeMBI oTcueTa. OHHU CyIIECTBYIOT TOIBKO B HEMHEPLUAIBHBIX CUCTEMAX OTCUE-
Ta ¥ HaIpaBJIeHbl IPOTUBOMOIOKHO yCKopeHHIo cucteMsl! Ho, ¢ qpyroii CTOpPOHBI, Y HUX €CTh YAUBUTENIEHOE CBOUCTBO, POAHS-
11ee UX C TPAaBUTAIIMOHHON CHJIOHN — BCEM TellaM, HE3aBHCHUMO OT UX MacChl, OHU COOOIIAIOT OIMHAKOBOE YCKOpEeHHe!

. Ilpumep: Tpy3 Ha MOJBECE B BaroHe, JIBIKYIIEMCSI C YCKOPEHHEM d , IIOKOUTCS, U

N YpaBHCHHE €T0 BHKCHUS B HEMHEPIMATBHON CHCTEME, CBSI3aHHOM ¢ BATOHOM
A | m 1 B 0=mg+ N+ FMH . JInst Hemo iBYKHOTO HabMIoAaTenss A B HHEPIIUAIBHON CHCTEMe OTCUETa,
F<—f— ma — =-ma
‘mg n CBSI3aHHOI ¢ 3eMIIeii 3TOT %e TPy3 JABIKETCS C YCKOpeHHeM d: md = mg + N . Y paBHeHus
\J _ OJIMHAKOBBHI, T.¢. 3aKOH HBbIOTOHA MOXKHO MHCATh KaK B HHEPIUAIBLHOW, TaK U B HEWHEPIIUAIb-

HO# cucteMe. BeiOuparoT Ty, koTopast bosee yao0Ha.

TIpUMepaMu CHIl MEEpIMH Oy/IeT IeHTPOoGesRHAs cia nuepuuy, | F 16 = —m[G), [G), ?]] , JeHCTByIOIIas Ha BCe Tela, Ha-

XO0OA1uecCs BO Bpama}omeﬁcs{ C yI‘J'[OBOﬁ CKOpPOCTBIO @ cHCTeME OTCUEeTa U HUMCIOIINE HOPMAJIbHOC (HeHTpOCTpeMHTeJILH()e)

YCKOpEHHE d = [Co, [G), 7]] (na Bpamaromieiics kapycenu). Ecnu Teno gBukercs B TaKO# BpalIaroOIIeiicsi CHCTEME CO CKOPOCThIO

V', To nielicTByeT Kopuonucosa cuna unepuun | F,, = 2m[\7 L@ ] , HAMpaBJICHHAS TIEPIICHIUKYIISIPHO CKOPOCTH V',

[Ipu ABWXEHMH CO CKOPOCTBIO V'=35 KM/4ac Tmemexofa ¢ Maccoif m =60 kr TO Bpamaromencs co CKOPOCTHIO
W="2T11/ 86400 ¢! 3emile, Ha HETO JEHCTBYeT OYEHb Maylag KOPHOJHMCOBAa CHJIA C MaKCHMAaJbHOW BEJTHMYHWHOM
F xop = 2mwv' = 0,012 H. Ho B netsmeM co ckopocthio V'=1000 kM/dac caMoieTe 3Ta chja, TOJKAIomas 4eioBeka BOOK,

MOYET BO3pACTH J0 OIIyTUMOM BenuuuHbl 2,4 H.
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M3-3a KOpHOAMCOBOI CHUIIBI TTaccaThl (BETPHI, TYIOIINE OT TPOITMKOB K 3KBATOPY) B
000MX MONYHIAPUIX OYIYT OTKIOHATHCS K 3amajy, a TEKyIIUe PeKH OyIyT OTKIOHITHCS
. F B CEBEPHOM IONYIIAPUH K TIPABOMY Oepery, a B F0)KHOM — K JIeBOMY. T0 e MPOUCXOUT
U C BOJIOH, Tekyiuei nmo Tpybam. I1o Toif ke mpUYMHE BHITCKAMONIAs B CIUBHOE OTBEP-
CTHE BOJIa 3aKPYUYHBACTCS B BOPOHKY B OJIHY CTOPOHY B CEBEPHOM W B JAPYTYIO — B FOXK-
HOM TOJYIIAPHH.
Emie oauH npuMep — BpaICHUE KUIKOCTH B COCY/C. Y paBHCHUE JIBHKCHHS MOXK-
HO 3ammucaTh I JI000H "JacTUIBI" KUAKOCTH — OSCKOHEYHO MaJloTo KyOWKa C Tolie-
peunbiM cedenneM AS , KOTOPBI BMECTE C JKHIKOCTHIO BPAIIAETCS C YIJIIOBOM CKOPO-
cThio (. I[eHTpocTpeMHUTENFHOE YCKOPEHUE 3TOr0 KyOWMKa CO37aeTCsl, TIIaBHBIM 00pa-

SKBaTOp

l_IaCCS.TbI
> V'

10 / E..
3emid

30M, CHJaMH THIAPOCTATHYECKOTO HaBieHws: Am wr= p'AS — pAS =pg (h'— h)AS .

Orcrona cienyer, uto h'> /i, ¥ NOBEPXHOCTH BPAIAIO-
IIeHcs JKUIKOCTH JOJDKHA MPUHUMATHh (PopMy BopoHKH-Tiapabosonna. 1o To# ke MpUYUHE IT0-
BEPXHOCTH TEKYIIEH BOIBI B MECTE IMIOBOPOTa Oy/IeT HAKIIOHEHA B CTOPOHY TIOBOPOTA.
W3-3a cuit BI3KOTO TPEHUS KHUIKOCTh MPAKTHUCCKU HE JIBIIKETCS BOJIM3H JIHA COCY/a, T.C.
C BBICOTOM CKOPOCTH BpallleHus1 yBennuuBaeTcs. Ecinu nepeitu B HeMHEpLHaIbHYIO0 CUCTEMY OT-

cyeTa, BPAIAIOIIYIOCS CO CPeIHE CKOPOCTBIO KUIKOCTH <(I)> , TO B 3TOM CHCTEME BEPXHHE CIIOH

JKUIKOCTH OyIyT JBUTATLCSA CO CKOPOCTBIO V', OIEpesKast BpallleHHe CUCTEMBI, a HIKHHE CIIOH Oy-
IyT OTCTaBaTh. KOPHOIHMCOBHI CHJIBI IIPUBEAYT K MOSIBICHHIO MMOTIEPEYHBIX [TUPKYISIPHBIX TOTOKOB,
KaK [TOKa3aHo Ha pUCyHKe. Takue MOTOKH COOMPAIOT YaWHKH B aKKypPaTHYIO KY4KY B IICHTPE CTa-
KaHa ¥ OHHM e OYIyT pa3MbIBaTh OJMH U3 OEPErOB PEKH B MECTE €¢ N3rnbda M HAHOCUTH WJI Ha IPY-
T'OM, TIOJIOTH Oeper.

3aoanus:
1) Benocuneanct KaTUTCS MO BBIMYKJIOW MOBEPXHOCTH ¢ pagnycoM R= 20 m co ckopoctsio v = 10 m/c. Uemy

v
paBEH €ro BeC B BEpXHEW TOUKE IMMOBEPXHOCTH, eciid Macca Benocuneaucra m = 80 kr? Ilpunare g = 10 m/c”

£ Otsert: 400 H.
ﬁ 2
m 2) Ha abComOTHO TIaAKOW TOPU3OHTATHHON MTOBEPXHOCTH JIGKUT KJIMH Macchl M = 2 KT' C yTIIOM 0 = 45° .
<> Ha xnun nonoxwunu teno maccsl m =1 kxr. Tpenne orcyrcTByeT. HaiiTi yckopeHnue kinHa.
e ] Otset: 1,96 m/c?
3) Moaenb camonéra B aTTpaKIMOHE BpamaeTcs ¢ 4acTotod v =30 000pOTOB B MUHYTY B Bep- R

THKAJTLHOM TUTIOCKOCTH, COoBepias “MEPTBYIO MeTI0™ ¢ pamuycoM R = 5 M. Bo ckonbko pa3 cuia, mprKUMaromiast
YeIoBeKa K CHIACHBIO CaMOJIETa B HIKHEH TOUKe, OOJIBIIE TAKOW e CHIIBI B BEpXHEH Touke?
Otgert: B 1,5 paza.

6.11. Ilpumenenue 3aKk0H08 OUHAMUKU K 08UdCEHUIO Oedhopmupyemout cpedvl. Cuna 0asnieHus cmpyu HeUOKOCH.

3aoanus:
1) 3a MuHYTY U3 KpaHa, Haxosierocs Ha Beicote h = 40 cM HajJ BaHHOM, C HAYAJIbHOM CKOPOCTBIO V( = 1 M/C BBITEKaeT 3 IuTpa
Bosb1. C KaKO# CHIIOH CTPys BOIBI JaBUT Ha AHO BaHHOM? IIpuusate g = 10 m/c’
OtBetr: F =0,15 H.

JlaBJl

3anstue 13. Tema: OCHOBBI AMHAMUKH BPAIATEIBHOTO ABUKEHUS

7. OCHOBBI JTUHAMUKHU BPAL[ATEJIBHOI'O /IBU>KEHUA
7.1. Momenm unepyuu. Momenmoi unepyuu men ¢ cummempueti épaujerus (OUck, wap, 0600 xoaeca).

Macca m - 3T0 Mepa WHEPIUU IPH MOCTYNATeIIbHOM JABWKEeHUHU. [Ipyu BpalaTeIbHOM JIBI)KEHHH MEPON HMHEp-
uu Oynetr MoMmeHT uHepimu [ . Uem Oombiiie BenuyuHa [, TeM TPYIHEE PACKPYTUTh MACCHBHOE TEJO WM 3aTOPMO3HUTH €ro
BpalllEHUE.

MoOMEHTOM HHEPIHMH MaTepUaIbHON TOYKH (JacTHIIbI) Ha3bIBa€TCA MPOU3BEICHHE €€ MacCchl 1 Ha KBa- g;gmeHm
paT paccTOSHUS 7 JI0 OCH BpaleHus. MOMEHTH HHEPIMH CKIAIBIBAIOTCS TaK JKe, KaKk U Macchl. [loaToMy pa3on- -
BaeM MPOTSKEHHOE BpAILAIOIIEECs TEJIO Ha MAJEHbKHME YYaCTKH, KOTOPbIE MOYKHO CUUTAaTh N

oCh r m
ppamernys ~ MATCPHATbHBIMH TOUKAMH C MACCAMH /71; .

MomeHT nHEepUUn (l)I/I3I/I‘IeCKOF0 TCJla paB€H CyMME HpOI/I3Be,HeHHﬁ MacC COCTaBJIAOIIUX €TI0

J

o — 2
MaTepUAJIbHBIX TOUCK Ha KBaApaThl paCCTOAHUUN 10 OCU BpAIlICHUA I(b”?’ Tena — Z m;r;
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IIpome Bcero ompeaenuTb Mo-

ocsC ocC
MEHTbl HHEPIUU CUMMETPUYHBIX Te€Il, ‘ ocsC
BpALIAIOIIKUXCST BOKPYI OCHU CUMMETPUH, > m c s
poxoJisiieit uepes ux neHTp macc C: ﬂ m @ l
m
» N——’ . C ]

TOHKHH 00py4 JACK (LATHHAP) map TOHKHH CTCPIKCHb
MAaccHl 1 MAacCHI 111 MAacchl M1 AMUHBIL [
¢ pamguycom R Macest m =Lm?
¢ pamuycom R . cpamycom R I crepxus = 75M
_ 2 ==mR
Iopr‘{a = mR I’uﬂcxa 2 [L[[apaz %mR2

Ilpumep: BEIYUCIATE MOMEHT WHEPIIUU AUCKA MACCHl /1 ¥ pajiyca R OTHOCHTENBFHO OCH CHMMETPHH, IPOXOIAIIeH de-
pe3 uentp macc C.

Pa300béM crutomrHOM MHCK Ha OECKOHEYHO y3KHE KOJIbIIA paanyca r ¢ TONmuHOW dr. Ilmomanp Takoro KoOJbIla

. dm das 2Twrdr
dS =21 [dlr , a oTHOIIEHUE €ro MacChl dm K Macce BCEro JAMCKa PaBHO OTHOIICHHUIO WX IUIOMAACH: — = S— =
m TR
HCKa

b}

2rdr

Kyla dm=m 5 BrlenenHoe KOJIbIo UMEET TaKoM K€ MOMEHT HWHEpLUUU, YTO U TOHKHUM 06py‘ll BCC €T0
R

MaTCepruaJIbHBIC TOYKH HAXOOATCA Ha OJJUHAKOBOM PACCTOAHHUU + OT OCH U MOMCHT MHEPIINHU BBIACICHHO-

T'0 KOJIbIla dl =dm D‘z . CyMMa MOMCHTOB MHEPHUHU BCEX KOJICL, COCTABJIAONINX NUCK, ABJIACTCA UHTCTpaA-

R 2 2m& 3 2m R* 1 2
JI0OM I=Idl=fdmr =—J'r dr =—— , otkyna [ =—mR".
2 2 4 JAUCKa 2
0 R7 ) R
Eci MoMeHT mHepuun . OTHOCHTENIBHO OCH, NPOXOASLIEH depe3 LEHTP Macc, U3BECTEH, TO

MOYXHO BBIYHCIUTh MOMEHT WHEPIIMH OTHOCHUTENILHO JIF00OH mapaurensHoi ocu O, mpoxoxsimed Ha
paccTosiHuU d OT IeHTpa Macc. Kak BUIHO M3 PUCYHKA, PACCTOSHUS MPOU3BOJIBHONW YaCTHITBI TBEPIOTO

TCNa M; OT 00eux ocei PpaBHBI COOTBECTCTBCHHO 1; U I'; +d . HOSTOMy

- 2 _ 2 2
Iy =Y mi(r;+d)” =Y m;ry +2) m;r;d+Y m;d” . Bropoe ciaraemoe B [OJIy4CHHOM BbIPAXKCHUH
i i i i
00paraeTcs B Hylb B CHILy TOTO, uto d =const u 2 m;;d =2dY m;r; =2mr. =0 (r. — paccros-
i i

— 2 o .
uue ot ocu C 10 nenrtpa mMacc). [lostomy  |Iy =1, +md”|, - 310 cooTHOILIEHHE Ha3bIBaeTCs TeopeMoii [llTelinepa:

MOMEHT MHEpLUHU TeJa OTHOCUTENbHO MPOU3BOJIBHOM OCH paBeH CyMME MOMEHTa WHEPLUU OTHOCHUTEIHHO OCH, Mapall-
JIENbHOM e¥l U MPOXOsIIel yepes IEeHTp Mace, U MPOU3BECHHS MacChl Tella Ha KBaAPaT PACCTOSIHUS MEXKAY OCSIMH.
Ilpumep: MOMEHT HHEPIIUU TOHKOTO CTEPKHS OTHOCUTEIBLHO OCH, MPOXOISIIEH Yepes3 ero

5 i 0Chb
kpaii O paBHa [, = P am[L) =L = %ﬁ
p p 0 crepkHA — 15 P 3 . ~ L X
O. >
m C
3aoanus:
0 1) Tpu oaMHAKOBBIE IeTalH CAENIaHbl B BUIE AIUTUIICA U3 IIOCKOTO JIUCTa MeTajia. J[Be netanu paspe-
[3 ﬂ D 3aJId: OJIHY - TIOTIOJIaM BJIOJIb OCH CUMMETPHH, a BTOPYIO - HA YEThIpE OJIMHAKOBBIE YACTH. 3aTeM BCE
YacTH OTOJBUHYJIU APYT OT Jpyra Ha OJJMHAKOBOE PACCTOSHUE U PACCTABIWIM CUMMETPUYHO OTHOCH-
(j q D teapHO ocu OO’ (cM. puc.). Beibepute npaBuiIbHOE COOTHONIECHUE MEXKIY MOMEHTAMH HWHEPIIHH dTHX
O's <« s < % pgerameit otHocutensHo ocn OO0 I} <1, =137 <1, <I3?7 L =1, <I3? L >1,>I3?
L I; I3
2) IlepnenUKyIAPHO OJHOPOAHOMY TOHKOMY CTEPKHIO MacChl m = 1 KT M JIMHOM [ = 1 M IpoXoasT iBe i} o 4

napajuienbaele ocu. OiHa IPOXOAUT Yepe3 KOHEI[ CTePKHs A, a Apyras yepe3 Touky O, Jexallyro Ha o .
pacctossHuU x = 0,2 M 0T ToukHd 4. Bo CKOJIBKO pa3 OTJINYAOTCA MOMEHTBI HHEPLIUH CTEPKHA 5 1l ?
O Ortsert: B 1,92 pas.
3) /IBa OTMHAKOBBIX OJJHOPOJIHBIX TOHKHX CTEPIKHS Maccor m = 1 KT M JuTMHON [ = 1 M Ka)/IbIi MpUBapHIIA KOH-
aMH¥ MIEPIIEHANKYISAPHO APYT K IpyTy. Yepes KOHen 0HOTO U3 CTep KHEH MpoxXoauT ock O, MepIeHANKYIIpHAs
TIJIOCKOCTH CTepkHeH. HaliTH MOMEHT MHEPITNY TOTYYUBIICHCS IETalM OTHOCUTENIEHO ocH O.
Orser: 1,677 xr.
4) Muck ¢ maccot m=400r u c pagmycoM R =20 cM coBepmaeT KoieOaHHUsS BOKPYT 3aKperieHHo# ocu O, mpo- 0

XoJd1eN yepe3 Kpail [ucka. HailTu MOMEHT MHEpLIUH IUCKa OTHOCUTENIBHO ITOM OCH. m
Orser: 0,024 xri®.
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5) JIBa 0iMHAKOBBIX JAMCKa Maccol m = 1 Kr u paguycoM R = 1 M KaXabli MOJIOKUIIN HA TUIOCKOCTD U
) MPUBAPUIIH IPYT K Apyry. HalTH MOMEHT MHEpLUU NOTyYUBLICICS 1€Tall OTHOCUTENBHO OCH, IPOXOAsIel
MEPIEeHIUKYISIPHO MIOCKOCTU AUCKOB Yepe3 TOUKy O (CM. PUCYHOK).

Orser: 11 kriv’.

6) Jletasis B BH/IC PABHOCTOPOHHETO TPEYTOJbHUKA CBAPHIIN U3 TPEX OJWHAKOBBIX OJHOPOIHBIX TOHKHAX CTEPIKHEH
Maccel m = 1 kr u amuebl [ = 1 M kaxpiil. HaiiTu MOMEHT WHEPIUH JeTaal OTHOCUTENBHO ocu O, MPOXOASIICH
Yyepe3 BEPIINHY TPEYTOJNbHUKA MEPICHUKYIISIPHO TUIOCKOCTH JCTATH.

Orser: 1,5 ki’

7.2. Momenm cunvl u e2o Hanpaegnenue.

7.3. Momenm umnynvca. Momenm umnynvca 08UdNCywelics MamepuaibHol Mo4KYU OMHOCUMENbHO BbIOPAHHOU OCU U
MOMEHM UMNYIbCA MEEPO020 Med, 8PAAIOWE20Cs 6OKPY2 HENOOBUINCHOT OCU.

[TycTh YacTHIa ABMIKETCS 110 HEKOTOPOI TPACKTOPHH M B IaHHBIII MOMEHT BPEMEHHU €€ pajiyc-
BEKTOp paBeH 7, a UMIyJIbC p =mV. KpoMe UMITysIbca, CYIIECTBYET €Ile OJHa BEKTOpHAs XapakKTe-
PUCTHKA JABHKCHHS — MOMEHT UMITYJIbCA.

MOMEHTOM HMMOYJIbCa YacTUI[BI OTHOCHTEIHEHO TOUYKH O HA3BIBACTCS BEKTOPHOE MPOW3BEICHHE

paanyc-BEeKTOpa Ha WMITYJIbC YACTHIIEL: L =[7’, Z)] , TIIe paanyc-BEeKTOp 7 TIpoBeleH u3 Toukn O K

qacTuue. BeKTOpHOC MPOU3BEACHUEC B ICKAPTOBBIX OCAX KOOPAUHAT CUUTACTCSA 1O q)opMyne

ik
L=[7. pl=|x vy z|. wm L=i(yp, —zp,)+j(zp. —p.) +k (w0, —p.).
Py Py P L =L, L

MoMeHT uMITyJibca OonpeAeNieH KakK JUisi KpUBOJIMHEHHOTO, TaK U JIs
MIPSIMOJIMHEIHOTO TBIKEHUS: Ha IPAaBOM PHCYHKE ITOKa3aHa YacTUIlA, YaCTH-
1, IBIDKYINASCS 10 MPSIMOH; U1t Hee L =m vrsinO = m vl .; Ha JI€BOM pH-
CYHKE YacCTHIla BpallaeTcs 10 OKPY>KHOCTH paJiyca r CO CKOPOCTBIO V WU

C YIII0BOI CKOPOCTBI0 W= ¥/7 — i mee L = prsin90° = mvr = mrw.

Ho I = mr2 —MOMEHT MHEPIIUHU YaCTHUIIBI IPH Bpalll€eHUH BOKPYT OCH
z , mpoxoasuel uepes3 Touky O. I103ToMy Lyarrourn = /0. EcM BOKpyT ocu BpalaeTcs ¢ yriaoBoil CKOPOCTbIO () (pu3uueckoe
TEJI0, COCTOAIIEC N3 MHOXKECTBA MAaTCPHUAJIBHBIX TOYCK, TO UX MOMCHTEI UMITYJIbCA (I/IJII/I MOMCHTHI I/IHepHI/II/I) CKJIaAbIBAXOTCA:
MowmeHT HUMITYJIbCa YaCTUI bl OTHOCUTCIILHO SaerHHeHHOﬁ OCH paBCH NPOU3BCACHUIO €€ MOMCHTA MHEPILIUHN HaA
1w .

YIJIOBYIO CKOPOCTh BpalllCHUS: L

Bo3smem IMPOU3BOJHYIO IO BpPEMCHHU OT BBIPAKCHUA JI1 MOMCHTA UMITYJIbCa YaCTULIBI, KaK OT IMPOU3BCACHUA ABYX

LdL_d. _q_[dF . _dp| . . [. dp
(byHKuI/H/I. E—Z[r, p]— Z’ pl| *r, E —[V, p]+ r, E . (mepBoe cmaraemMoe paBHO HYJIIO, KAK BEKTOPHOE MPOU3Be-
=0

L dp _ - dL . -7 _ -
JIGHHE MapasuleNIbHBIX BEKTOPOB V U p = mV). A Tak Kak 7 = F B cury BTOporo 3akoHa HeroToHa, TO E = [r, F ] =M.
t

Bekrtop, paBHBIN BEKTOPHOMY IIPOU3BEICHUIO paguyc-BeKTOpa Ha cuiy, M = [7, F ] Ha3bIBAETCS MOMEHTOM CHJIbBI (paau-

yC-BEKTOp 7 TpoBeaeH u3 Touku O B TOUKY NPHIIOKeHHs cuiibl F ) Bektop MomeHTa cuiabl M TepIeHANKYISIpeH K BEKTopam 7
u F 1 BBIYMCISIETCS IO IPaBIITy BEKTOPHOTO MPOU3BEACHUS

S i J ok
{)’/960\7-% 1\7I=[?, F]= X 'y z|, um F=f(yFZ—sz)+j(zFx—sz)+I€(xFy—ny).
0¢ : I Fy Fy F, =M, =M, =M,
Ho Bennumna (MOAyjb) MOMEHTA CHJIBI, COTIACHO OIPEJETIEHHI0 BEKTOPHOIO MPOU3BENICHUS,
M |1\7I | ==rFsind wm Kparuaiimee paccrossaue oT Toukd O 10 NMHUHM ACHUCTBHS CHIIBI

[ = rsin 0 Ha3pIBaeTCS IUICYOM CHIIBI. BemnunHa MOMEHTA CHJIBI paBHA IPOU3BCIACHUIO CUJIBI HA TIJIICYO.

3aoanus:
1) ToHKUIT OMHOPOTHBIN CTEPIKEHb MacChl m = | KT ¥ JUIMHBI /= 1 M MOJKET BpamaThCsl B BEpTUKATHLHOM
IIJIOCKOCTH BOKPYT TOPU30OHTAIIBHON OCH, IIPOXOIAIIEH Yepe3 ero Konel. B ocu neficTByeT MOMEHT chil

/ Tpenus My,. = 1 Hli. CrepskeHp MPUBOJAT B TOPU30HTANBHOE MONOXKEHUE M OTIYCKaloT 6e3 Tomuka. Hait-
JIUTE YIIIOBOE YCKOPEHUE B Ha4aJIbHBIH MOMEHT BpeMeHu. g = 10 m/c?.

OtBert: 12 paﬂ/cz.
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2) TOHKHWI OTHOPOHBIN CTepIKEHb Macchl m= 1 KT | JUIMHBI [ = 1 M MOXET BpaIiatbcs B TOPU30H-
\% TaJNLHOM TIOCKOCTH 0e3 TPEHHs BOKPYT BEpTUKAIBHOM ocu C, IPOXOIei uepes cepeuny crepxHs. K
— KOHITY CTEPIKHS B IDIOCKOCTH BPAIICHHUS 1O yriioM O = 30° K CTeprkHIO NpuKiIansBatoT cury F =1 H.
UeMy paBHO yIJIOBOE YCKOPEHHE CTEPKHS B HAUaJIbHBI MOMEHT BpEMEHHU.
Orser: 3 pam/c’.

3) ManeHbKHii ITapuK TOMECTHIIN B TOUKY C PalycoM-BeKTopoM 7 =1 [A+ j [B+ KIC,tneA=1wm B=2wm C=3wM.B Heko-

TOPBIH MOMEHT Ha IapHK MMOACHCTBOBAIIN CHITON F=iD+ j [(E+k[G ,rne D=3 H, E=4H, G =5 H. Haiitu npoexIuio Mo-

MEHTa CHJII OTHOCHUTEJILHO Havaia KOOPIUHAT Ha OCh Z.
Ortser: —2 H.

3anstue 14. Tema: YpaBHEeHUE TMHAMUKH BPAIIATEIbHOTO IBUKCHUS
U €ro NpUMEHEHHE K 3aJjauaM MEXaHUKH

7.4. OcHosHoe ypasHeHue OUHAMUKU epawamelbHoco OBUICEHUSL U €20 npumeHeHue K peteHuro 3a0a4 MEeXaHuKu.

ITycTp 3akperuieHHas och BpamieHus z mpoxoauT depe3 Touky O. Cuna F, nmpuioxeH-
Has K TeJly, MOXET TOJBHKO BpaIlaTh TEJIO BOKPYT 3aKpeIieHHOH ocu. V3 pHucyHKa cieBa BHIHO,
YTO MPU BPAIICHUHU IO KPYTY Aa)Ke OJTHOM MaTepHaTbHOM TOUKH 71 BEKTOp €€ MOMEHTa UMITYJIbca

L , nepneHIuKyISApHBIA K BEKTOpaM 7 W P, HE HalpaBlieH BJIOJb OCH BpamieHus z. Ho yxe mo-

dL, .
P =M,|. Ilpu BpameHnu BOKPYT 3aKPEIUICHHOM
1
ocH z J000TO PU3MYECKOTO Tella ¢ MOMEHTOM MHEpHIHHU I 3TO ypaBHEHHE 3aluIIeTcs Kak
dL, _d(Iw)
dt dt

BpaIllaTeIbHOTO ABMXKEHHUS (UK 2-M 3aKOHOM HproTOHa /i1 BpamaTeabHOTo ABMKeHUs). CpaBHUTE €T0 ¢ ypaBHEHHUEM TUHAMUKHU

<

T - _
Jy4eHO, 9TO d— = [?, F] =M wu nmo3sTomMy
dt

U Ha3bIBACTCA OCHOBHBIM YPAaBHCHHCM JHHAMHWKH

=le=YM

6HEW Z

dpP _ =
HOCTYNATENLHOTO JIBHKEHHS x =md, =Y Fyou -
t

3aoanus:
1) C xakoif menpio Ha TOHOYHBIX MalTHHAX-00JUIaX, YIaCTBYIONIUX B TOHKaX @opMyibl 1, MOIITHBIN M TSOKENBIN IBUTATENb YCTa-
HaBJIUBAETCS MOCEPETUHE MAILIUHBI?

2) HekoTopoe Teno BpaImaercst BOKpPYT 3aKpeIuIeHHOH ocu 6e3 TpeHwust. Ero MOMEHT UMITyJIbca OTHOCHTEIFHO OCH BpaIeHUS 3a-
4
! 2
BHCHT OT BpeMeHHM 110 3akoHy L =A| — | ,rtne T=1c,A=1xkr"/c. CoycTs BpeMms ¢ =1 ¢ TeJI0 UMEET YIIIOBOE YCKOPEHUE
T

e=1 pau/cz. Haiitu MOMeHT uHEpLUUH TeNa. Otger: 4 k.
3) Teno BpamaeTcst BOKpYT 3aKpEIUICHHOM OCH C YTIIOBBIM YCKOPEHHUEM, 3aBUCUMOCTb OT BPEMEHU KOTOPOTO
3a;aercs rpadukoM. MOMEHT HHEPITUH Tella OTHOCHTEIHHO OCH BpaleHus paBeH I. HailTu MOMEHT uM-

MyIThca TeNa B MOMEHT BPEMEHH f =4 ¢, ecli &, =3 ¢ . [=2 kT 2
Ortsert: 6 H(d

4) Huth, HaMOTaHHasl Ha IUIIMHID, IPUKPEIUIEHA K MOTONKY. HaliTi yckopeHue majieHust TaKoTO MUINHAPA MO IeH-
CTBUEM CHIIBI TSHKECTH.
Otger: a=2g/3= 6,54 m/c’.

m, a
5) HeBecomast HUTh NEpeKHHYTa Yepe3 CILIOMIHON MIMHAPUUECKUN OJIOK Macchl M, CHOCOOHBIH BpamaThCs
BOKPYT TOPU30HTAIbHOI 3aKkperuiéHHON ocu cumMeTpun. K KoHIIaM HUTU NPUBSI3aHBI TPY3bI
m;=2mu m, = m; Macca 6Joka m; = m, a ero paanyc paseH R. HaiiTu BemunHy MOMEHTa CHII TPEHUS B
m, i_’ m, Ocu OJIOKa, ECIIU HUTh JBHKETCS C YCKOpeHueM a =g/ 7.
a Otser: M ;, =mgR /2.

6) Haiitu yrnoByroo CKOpOCTb, ¢ KOTOPOM Hadaa BpallaThCsl BOKPYT BEPTHKAIbHON 3aKpeNIEHHOM OCH TOHKHH
crepakeHb Maccsl m = 200 r u gmunsl 1 = 80 cM, aexamnuil Ha TOpU30HTANBHON MI0CKOCTU. OCh MPOXOAUT Ye- |
pe3 cepeaiuHy CTEPXKHS, U B OCH BpPAILlleHHs BO3HUKAET MIOCTOSHHBIA MOMEHT cuil Tpenus M ,= 0,15 H " m. _—
IMoBepHyBIIKCH HA yroa ¢ =8 paj, cTepKeHb OCTAHABIMBACTCS. I

OtBet: ®©, =15 pan/c.
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= 7) Karymky paguyca R, maccbl m, MOMEHT HHEPIIH KOTOPOH OTHOCHUTEIFHO TOPU30HTAJIBLHOM ocH paBeH |,

@ e TSHYT 3a HUTb ¢ cwiodl F nox yrmom Ok ropusoHTy. Paguyc HamoTku HUTH 1. HaliTh mpoekuuo yckope-
“‘ HUSI KaTYIIKH Ha TOPHU30HTAIBHYIO 0Ch X . KaTymmka kaTutcst 63 mpocKanb3bIBaHUs.
X
FR’ r
Oter: a, =————| cosa—— |.
I+mR R
8&) Ha rmaakoit ropu3oHTaNbHOM MIIOCKOCTH JIEXKHUT OJHOPOAHBIN AucK paanyca R. Ha Hero octopoxHo mosioxumm "

Jpyroii Takoi e JAUCK, paCKpy4YeHHBIH 10 yIiI0Boi ckopocTh 0 . Koadduuuent Tpenus Mexay JUcKaMu paBeH
W . Uepes kakoil mpoMeKyTOK BpeMEHHU t JUCKU HAuHYT BpalIaThCs C OJHOM U TOM JKe YIIIOBOI CKOPOCThIO? @
Otset: t=3Rwm,/(8ng).

3audarue 15. Tema: 3aKkOHBI COXpAaHEHUS UMITYJIbCA U MOMEHTA UMITYJIbCa
1 UX UCIIOJIB30BAaHHUC B 3aJa4aX MEXaHUKU

8. 3akonwr coxpanenus

8.1. Ponb 3ak0H06 coxpanenus 8 usuxe

8.2. 3akon coxpanenus u usMeHeHuss UMnYabea.

8.3. 3akon coxpanenus momeHma umnyavcea.

8.4. IlpumeneHnue 3aKk0OHO8 COXPAHEHUA UMNYIbCA U MOMEHMA UMNYIbCA 8 3a0adax mexanuku. CmoIKHO8eHUs el.

Bo3HukaeT Bompoc: moueMy oJHH PU3NICCKUE BETUIHHBI BO BCEX MPOTEKAIOIINX MPOIECCaX COXPAHSIOTCS, a APYTHE —
HeT. OTBET B TOM, YTO 3aKOHBI COXPAaHCHHs MMEIOT OoJice TITyOOKHE MPUYUHBI, YeM ypaBHEHUS JNUHAMHKH (3aKOHBI HbIOTOHA).
Kaxxmomy 3akoHYy COXpaHEHUsI, KOKII0N COXpaHsoIIeics BeIMUYUHE COOTBETCTBYET KaKas-TO CUMMETPHS, UHBAPUAHTHOCTh B Ha-
mem mupe. Tak

--3aKOH COXPAHEHUS PHEPIHH CIeAyeT U3 WHBAPHUAHTHOCTH BPEMEHHU: MPHU OJMHAKOBBIX YCJIOBHSIX BCE M3MEpEHUs, BCE
MPOIIECCHI JIOJDKHBI OBITh OIMHAKOBBIMHE B JTF000I MOMEHT BPEMCHU;

-- 3aKOH COXPaHEHHs UMITYJIbCa CIIEYeT U3 MHBAPHAHTHOCTH IPOCTPAHCTBA OTHOCUTEIBHO CIBUra: BCC YPaBHCHHS (U-
3UKH Ha U3MEHSATCS, €CITU TIEPEABUHYTh HA4aJI0 CUCTEMBI OTCUETa (CUCTEMbI KOOPIUHAT);

-- 3aKOH COXpPaHEHHUS MOMEHTa MMITYJIbCa CIIeyeT M3 WHBAPHAHTHOCTH MPOCTPAHCTBA OTHOCHUTEJIHHO MOBOPOTA: BCE
ypaBHEHHsI (PU3UKH HA U3MEHSTCS, €CITU TIOBEPHYTh CUCTEMY OTcUeTa (MMOBEPHYTH OCH KOOPJMHAT Ha JII00O0# yrod).

MoxHO TOKa3aTh, YTO ypaBHEHUS TUHAMUKHU (3aKOHBI HbI0TOHA) SIBIAIOTCS CIIE/ICTBUSIMU 3aKOHOB coxpaHeHus. Ho uc-
TT0JIb3YS 3aKOHBI COXPaHEHUS MOXKHO PEIINTh 33J]a4l MEXaHUKH 0o0Jiee POCTO, YeM HCITOJIb3Ys YPaBHCHUS JBHKCHISL.

VYpaBuenue npmkeHus (2-i 3akoH HproTOHA) MOKHO 3amucarh U MPOYUTATh MMO-UHOMY, €CJIM BBECTH €lIe OJIHO MOHSITHE —

MMITYJIbC CHIIBI 32 BpeMsi df : 310 F df . Torja, HHTerpHpys 110 BPEMEHH OT f, 1o t, , mojy4aem: Pz - 131 =A\P= j FBHem dt ,.e.
yl

‘I/I?)MeHeHI/Ie (npnpameHHe) IMOJIHOT'O UMITYJIbCa CUCTEMBI 34 BPpEMA Ar= t2 _tl PaBHO UMITYJILCY BHCIIHUX CHUJI 3a TO KE BpeMH.‘

Ecnu Bce BHelIHUE CHIJIBI, ,ueﬁCTBylonme Ha CUCTCMY, YPABHOBCHINBAIOTCS, T.C. FBHeIH =0 To cuc-

AR CTOJIKHOBeHMe
LIAPOB dP —
TeMa Ha3bIBaeTCs 3aMKHYTOU. J{ns Hee 7 =0 wm |P =const|— moJHBI HMIYJbLC 3aMKHYTOIi CHC-
t

YN
e«\ )
7777777777 TeMbl COXpaHsieTcsl. DTO — 3aKOH COXpPaHECHHs UMIYJIbCA.
l@ Ecmn Fyyeyy 70, HO Fypomr x =0, TO coXpaHseTCs TOJNBKO NMPOEKIHsA MMIIyJIbCa Ha COOTBETCT-
BYIOIIYIO OCh: P, =const , 94T0 Takke IHMPOKO UCIIOIb3YETCS B IIPHIIOKCHHAX.
Yacro Fpyey, # 0, HO elicTBUE BHEIIHUX CUII JUIMTCS CTOJIb Majioe BpeMst At — 0, 4TO MMITYJIbC HE YCIEBAET 3aMETHO U3-

MeHuTbCs: AP = Fypon

XpaHCHHUS UMITYyJIbCa.

At - 0. B tux ciaydasx (0bICTPOe CTOJKHOBEHHE, B3PBIB U T.II.) TAK)KE MOXKHO IIPUMEHSAThH 3aKOH CO-

paBHHUBATH MPOEKIIUH HUMITYJIHCOB Ha OCH KOOpAWHAT. IIpW CI0KEHWH BEKTOPOB yJOOHO ITOJIB30BATHCS TEOPEMOM

3aMeTI/IM, YTO 3aKOH COXpaHCHHA HUMITYJIbCa UMCCT BeKTOpHLIﬁ BHU/: ZﬁHa‘IaﬂLH 22 I—?KOHe‘IH . BeKTOpI)I
a
HUMITYJIBCOB, KaK 1 BEKTOPBI CHJI HAAO0 CKIAABIBATH IO IIPAaBHIIY Iapaliieiiorpamma. HpI/I 9TOM HE 00s13aTEILHO apu-
‘ C
KOCHHYCOB: €CJIH U3BECTHBI ABE€ CTOPOHEI a, b u Yroj MEXay HUMHU 0 , TO KBagpar HpOTI/IBOHOJIO)I(HOﬁ CTOPOHBI b

c? =a* +b* -2abcos| . 5

Ilpumep: nBa TIACTHIMHOBBIX IIApa MMENH HMIYILCHI Py H Dy, JNETeNH moj yraoMm 6, )Y O%
CTOJIKHYJIMCh U CJIMILTUCH. HaliT BeNMUWHY UMITYJIbCa TTOCIIE CTOITKHOBEHMS. I3
Pewenue 1 (mpoeKkuy Ha OCH KOOPIUHAT) Pewenue 2 (Teopema KOCHHYCOB) L

X

Pix ¥ P =P \/ﬁ ' T
) : = -2 ~0).
Pyt Pay =Py np'=y(r') (p y) p \/I’l P2” =2p p, cos(T-9) v

1
O’”’» 51
2 K
ﬁr
P, s I
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L _
To4HO Tak ke U3 ypaBHEHUS THHAMUKH BPaIIaTeIbHOTO JBUKCHHS 7 = Z M e CIEAYET
t
o)
3aKOH U3MEHEHUs MOMeHTa ummnyJibca|L, — L S AL = J' ZM srem At Y 3aKOH COXpaHEHUs MOMEHTA UMITYILCA:
q

MomeHT UMITYyJIbCa CUCTEMbL L COXpaHA€TCs, €CJIK CyMMa MOMCHTOB Z[eﬁCTByIOHIPIX Ha He€ BHEIIHHUX CHII paBHa HY-
JIFO UJIA XKE HeﬁCTBHC BHCIMHUX CHJI JUIUTCA CTOJIb MaJIOC€ BPpEMA At - 0 , YTO MOMCHT UMITyJIbCa HE YCIICBACT 3aMET-

HO m3MeHuThes: AL =M At — 0 (cToJIKHOBEHHE, B3PbIB U T.I1.).

BHECII
3aoanus:
1. ITo xako# MpUYHMHE CTOSNIUH Ha MECTe aBTOMOOMJIb HAYMHACT JABUTATHCS ¢ ycKopeHuem? By-
‘ ‘ N IyT JH €TO YCKOPSTH CHIIBI TPCHMUS, IPHUIIOKEHHBIE K KojecaM? [ToueMy aBTOMOOMIIb OCTaHABIIH-
q\ 0 _ ¢ BACTCH NPH BHIKIIOYCHHH [BUTATeNIs, XOTs KOJECA BPANIAIOTCS B Ty XKe CTOPOHY M HAIpaBICHHE
: s CHUJI TPEHUS HE MEeHseTCs?
S SO S 7 =
FTP Fpp ¢
2) IloueMy U3MEHSETCS YIIIOBasi CKOPOCTh BpallleHHs (UTYPUCTA, KOT/Ia >
OH BBHITATHBAET PYKU B CTOPOHY WIJIA MPUKUMACT PYKH K TYJIOBHUIIY.
a) 6) Ti v3) JBa CTEPIKHS COE/IMHEHBI paCTHH‘}‘/TOI‘/’I HeBe- g
T=0 c COMO¥ MPYKUHKON M MPUKATHI K TJIAJKONH TOPU30H-
— 9 Cs / TanbHOMU mOBEPXHOCTH (pHC. a). OTIyCKaeM CTePIKHH,
Fynp ACh /& i 2 ¥ KOTJa TPYXXHHKA COKMeTcs, epexxuraeM ee. Oba cTepkHs OyAyT BpamaTh-
P % Cy é: «5%- \L{ Cs1 IO 9acoBo¥ cTpenke (puc. 6). Ho cuiibl ynpyroct HampaBiIeHBI BIOJIb O1-
ymp : ¢ L, HOUW JIMHUH, UX CyMMapHbIii MOMEHT paBeH HYJIO, U EPBOHAYAIBHO PABHBIN
V— HYITI0 MOMEHT HMMITyJIbCa CHCTEMBI M3MECHUTHCS HE MOXeT. VM3MeHuTcs mm
L, MOMEHT MMITYJIECa CUCTEMBI TTOCTIe TIEPEKUTaHHUS IPYKUHKN ?

9 7
. = - t - t
4) YacTuia ABUKETCA B MJIOCKOCTH MOJ IEHCTBUEM CHIIbI, KOTOpasi 3aBUCUT OT BPEMEHHU T10 3aKOHY F (t) =i DH(—] +j B(—j s
T T

rae A, B — NIOCTOSIHHBIE BEJIMUUHEI, i, j — €AUHUYHBIE OPTHI B IEKAPTOBON cucTeMe KoopAauHaT. HailTu Monysis M3MEHEHUS

uMIynbca 3a uHTepBan Bpemenn 0<t <1 c,ecmu 1=1c. A=2H,B=3H.
Ortser: 0,425 xkr*m/c.

5) JIBa MIacTUIMHOBBIX mapuka ¢ MaccamMu mq =100 r u m, =200 r gBMXKXYTCSA BO B3aMMHO NEPIEHIUKYISPHBIX HAIIPABICHU-
SIX CO CKOPOCTSIMU Vv =4 M/c U Vo =3 M/c cooTBeTcTBeHHO. OHU CTaJIKUBAIOTCS U cnumnatotcs. Haiitu Bennunny ckopoctu

CIMTIINAXCS MAPUKOB IOCJIEe CTOJTKHOBEHUS.
OtBer: 2,40 M/c

m Yy 6) JIBa IIaCTUIMHOBBIX IIapuka ¢ Maccamu mq =100 u m, =200 r, ABUraBmIUXCA NOJ yIaoM O = 60°
o
JPYT K APYTY CO CKOPOCTAMH V| =4 M/C U V, =3 M/C COOTBETCTBEHHO, CTOJKHYJHCH U caumiucs. Haiftu
my (%) BEITUIMHY CKOPOCTH CIHUMIINXCS IMAPHKOB TTOCIIE CTOJKHOBEHUSI.
OtBeT: 2,91 M/c
7) JIBa HEBECOMBIX CTEPIKHS JUIMHBI b COEAMHEHBI TIOJ] YIiIoM O = 60° 1 BpamarTcs 0e3 TPeHUs B TOPU30H-
(o4 . . N
2.-0  TaNbHOM IUIOCKOCTH BOKPYT BepTUKaIBHOU ocu O ¢ yrioBoi cKopocThio W = 6 paza/c. Ha koHIle ogHOrO U3
b \b CTepKHEH MPUKPEIJICH OYeHbh MaJICHbKUM MACCHUBHBIN MIApHUK. B HEKOTOPBIN MOMEHT YTroJ MEXIy CTEpK-
1 HSIMH CaMOIIPOU3BOJILHO yBEMHUWICSA 10 0O, = 120°. C kakoil yrioBoil CKOPOCTBIO CTaia BpallaThCs TaKas
W\ _O cucrema? OtserT: 2 pan/c.
8) Ha ropu3oHTaIbHOMN MIJIOCKOCTH JIEKHUT B TIOKOE TOHKHUI OJTHOPOIHBIH m
crepxerb Maccehl m =100 T u IHEI [ = 1 M, KOTOPBIH MOXET BpaIiaTbcs BOKPYT BEPTHKAb- %
o o o }idi
HOW ocH, Mpoxosiei yepe3 koHen crepxkHsa O. [Tox yrmom o =30° K CTEpIKHIO B TOH ke o) 7

TIJIOCKOCTH JIBUKETCS MaJICHbKUH TUIACTHIIMHOBBIN IIapuK Tako xe macchl m =100 T co cko-
pocthio v = 1 m/c. lllapuk npuinmaet kK KOHILy cTep>kKHA. HaifT yrioByto ckopocTh Bpaiie-
HHS () CUCTEMBI IIOCJIE CTOJIKHOBCHHS.

Otsert: 0,375 pan/c.

9) IMuena, yeTeBmIas CO CKOPOCTHIO V = 1 M/C TI0 KacaTeJIbHON K 0001y JIETKOTO TOPHU30HTAILHOTO JUCKA Mac-
c¢ol M = 4 1 u pamuyca R = 10 cM, caaurcs Ha ob6ox aucka. [locie 3TOro MUCK HAaYasl BPAIIAThCS C YIIIOBOM
CKOPOCTBI0 W= 5 pan/c. Yemy paBHa Macca m TYEIBI?

OtBeT: m=2 T.




10) Tonkwuif OMHOPOAHBIN TUCK Macchl m = 1 KT U paauyca R = 1 M BUCHT HEMOABUKHO M MOKET BpalIaThCS B
BEPTUKAJIBHON IJIOCKOCTH BOKPYT TOPHU3OHTAIBHOM OCH, MPOXOAsIIeH dyepes ero kpait O. ITox yriom O =30° k m
TOPU30HTAIN B TUIOCKOCTH BPAIICHHS TUCKA JBMYKETCS MAJICHBKUH TUIACTHIIMHOBBIA MIAPUK TaKOH )Ke MacChl 1 =
1 kr co ckopocthio Vv = 1 m/c. [llapuk npununaeT K HUXKHEH TOYKE HEMOABUKHO BUCALIETO Aucka. HalTu yrio-
BYIO CKOPOCTbH BpallleHHsI, KOTOPYIO CHCTeMa MPUOOPETACT MOCIEC CTOJKHOBEHHUS.

Ortger: 0,315 pan/c. m}z
0

M - 11) Ha pacctosauu r = R /2 0T 0cu HOKOAIIETOCs TOPU30HTAIBLHOTO JUcKa Macchl M u paguyca R cuaut xxyk mac-
@ cel m . C Kakoil yriioBoi CKOPOCTHIO HAUHET BpalIaThCs TUCK, €CIIU JKYK MOMOMBET M0 OKPY>KHOCTH pajauyca r ¢
2 I [OCTOSHHON CKOPOCTBIO V OTHOCHUTENBHO aucka? TpeHneM B OCH JHCKa PeHeOpeYb.
Oteet: ® = 2mv/(2MR +mR).

12) ToHKWIA OTHOPOIHBIN CTEPKEHb MacChl m = 1 KT W JUIUHBI [ = 1 M MOXET BpaIiaThCs B BEPTHKAITBHON

m TUTOCKOCTH BOKPYT TOPH30HTAIBHOMN OCH, MPOXOIAIIeH uepe3 ero koHell. C pa3HBIX CTOPOH Ha CTEPIKEHb TOPH-
! 30HTAJIFHO B TOH XK€ MJIOCKOCTU HAJICTAIOT JIBa OJTUHAKOBBIX IUIACTAIMHOBBIX IIIAPUKA TOM KE MACCHI
v m=1Kr ¢ OJMHAKOBBIMHU CKOpocTsiMu V = 1 m/c. [lepBblif IapuK 3acTpeBacT B LICHTPE CTEPIKHS, BTOPOIi — B
mo—=1C HIDKHEM KOHIIC OJTHOBPEMEHHO ¢ MepBbIM. HaliTi BETUUNHY yIIIOBOW CKOPOCTH BpalleHHs, KOTOPYIO CUCTEMa
__ mpuobpeTaeT HOCIE CTOJIKHOBEHHUS. Otser: 0,316 pan/c;
~Lom

3anstue 16. Tema: 3aKoH COXpaHEHUS U U3MEHEHMSI MEXaHUYECKON YHEPIUU

8.5. Paboma cunvt u momenma cun. Mownocmeo.

OOBIYHO TPUXOJUTCS UMETH JEJIO C CHJIOH, IIEPEMEHHON KaK 110 BEJIMYUHE, TaK U 10 HalpaB-
JICHUIO, U ICHCTBYIOIIEH Ha YacTHILy, ABIDKYIIYIOCSA MO0 KpUBOJIUHEHHON TpaekTopun. Hanpasnenue

cunsl F' cocraBisteT ¢ Tpaektopreil yron O (BooOlie roBops, mepeMeHHEbIi). 3a BpeMs df dacTu-
na nmepeMectutcst Ha dr (puc.3.1), ¥ cuiIa coBEpIUT HaX Hel paboTy, KOTOpasl MO ONMPEACICHUIO
paBHA CKAJLIPHOMY IPOU3BEICHUIO BEKTOPA CHJIBI HA BEKTOP OECKOHEYHO MAaJoOTO IepEeMEICHHS:

dA = F dF.| D1y QopMyIly MOKHO 3aIIHCATh H T0-APYTOMY:

dA=F |d?| cosO = Fdlcosa = F; dl, rne F; - npoeKIius CUIIBI Ha HallpaBlIeHUE TpaeKTopuu, dl —

0eCKOHEYHO MaJIbIi MyTh. BrIpaxkeHne 1t paboThI MpH KOHEYHOM TIEPEMEIIICHUN 13 TOUKH | B

2
TOUKY 2 OyIIeT BBIpaXXaThCsI HHTETpATIOM: |A ,= IF dr.| Eciu ske Ha TeJlo OJJHOBPEMEHHO JCHCTBYIOT HECKOJIBKO CHII, TO HX
1

cymMMapHas paboTa paBHa ajJredpandeckoil cymme padoT KaKIOW CHIIBI, HITH paboTe pe3yIbTHPYIONICH CHITBI
Apes = [Foes dF = [Y F; dF =Y A ;.
i i
3HaK paboTHI KaXK/I0# CHIIBI B 3TOH CyMMe 3aBHCHUT OT HalpaBJIeHHs BEKTOpoB F; n dr;. Cuja coBepIIaeT MoJIoKUTENbHYO

paboTy, KoT1a OHA HampaBlieHa "TI0 JIBWKEHUIO" (O( < T;/2) , M1 OTpUIIATEIBHYIO — KOTJIa OHA HampaBieHa

"npotus aerwkenus” (O >TY2). KpoMe TOro, Ha0 y4UTHIBATh, 4TO dF — 3TO MepeMelleHHe TOUKH - //_N\
NPUJI0KeHUs cuJibl. Harprumep, py KadeHNH IIHHIPA 0e3 MPOCKAIb3bIBAHMS HAa TOUKY KacaHUS 0 &
IIJIMHIPA C THIOCKOCTBIO AEHCTBYET CHla TPEHNUsI, HO CKOPOCTh 3TOH TOYKH paBHA HYJIIO, OHA HE Iepe- e
MEIIACTCS ¥ TO3TOMY NPH KauyeHUH 0e3 MPoCKaJIb3bIBAHHS CUJIA TPEHHUS He coBeplIaeT padoTy. ]FTD
N dA =~ dr
MOIIHOCTh CHITBI paBHA pad0OTe, COBEPIICHHOH 3a €IUHUILY BpeMeHu: P = E =F E WU

. Pabota m3mepsiercs B mroyisax (1 Ik = 1 HeroToH-M); MOIITHOCTH m3MepsieTcs B BarTax (1 Bt = 1 JIx/c).
[Ipu moBopoTe Tena BOKPYT HEMOJBIKHOM OCH z paboTy coBepIiacT MOMEHT cHibl. [Ipu moBopoTe Ha OECKOHETHO Ma-

123
aslii yron d§ paGora MomenTa cuisl pasaa [dA =M d® =M ,d |, a npu noBopoTe Ha KOHEUHSBIH yron |A ,= J' M, do|. Coot-
Ll
dA dd
BETCTBEHHO, MOIIHOCTbH pa3BUBaeMasi MOMEHTOM CHJIbI P = o =M, o =M,w.
t t

3aoanus:
1) HeGompImmoe Temo Havaio IBYKEHUE M3 Hadaja KOOPIWHAT BAOJIbh TOPU30HTAIBHON OCH X TIOJ] IEHCTBUEM CHIIBI, HAIIPaBJICHHOMN

3
X
noz yrioM 0 = 30° k ocu x. MoJtysIb CHIIBI MEHSIETCS B 3aBUCUMOCTH OT KOOPJIMHATHI X TI0 3aKOHY F = A(;j ,rmeA=1H,

b =1 m . Haiitu paboty 3T0# criibl Ha ydacTke myTH oT0 < x <b.
Ortger: 0,217 JIx.
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2) Haiitn paboTy, Ipon3BeICHHYIO MAIIMHOM 32 MpoMexyTok Bpemenu (0 < <1 c, eciii MOLITHOCTh MAIINHBI 3aBUCHT OT Bpe-

5
MEHH 10 3aKOHYy N = A(i] ,Tme T =1c, A=1BT.
T
Otser: 0,167 JIx.

3) MaccuBHBIN AMCK MOXKET BpamaThCs BOKPYT 3aKpeIieHHON ocu 0e3 TpeHus. Haiinnre paboTy MOMEHTa CHIIBI IPH TIOBOPOTE

2

JIMCKA Ha YTOJl () , €CIIM MOMEHT CHJI, IESHCTBYIOIIMI Ha AUCK, 3aBUCHUT OT yIJla IOBOPOTa ¢ 10 3akoHy M = A 2

Po

rneA=1H1, ¢y =1 pan. Otser: 0,333 k.

4%) HaiiTi MOLIHOCTD JBHraTels BEpTOJIETA, HETIOABIKHO 3aBHUCIIETO B Bo3ayxe. Macca BepTonéra m = 4 T , paauyc Jomnacten
BuHTa R = 8 M, utotHOCTH BO3myxa p =1,09 Kr/Me.

OtBer: P = \/(mg)3/(p1rR2) =483 kBr.

8.6. Koncepeamu@yble U HEKOHcepsamueHbvle CUJlbl.
8.7. HOmeHl[uaﬂbHaﬂ U KuHemu4deckas IHepcus npu nocmynamejlbHom u epauiameibHom O8UdICEHUU.

. . av —
B pesynbTate efCTBHS CUITBI H3MEHSETCS CKOPOCTh YaCTHUI[BI. 3amuiiieM BTOPoii 3akoH HeioToHa m; =Y F ¥ yMHOXHUM
t

— dv _dr -
KKy €ro 4acTh CKAIIPHO Ha dJIEMEHTapHOE TepeMelieHne dr . B urore momydnm: m7ﬁ =md V; =mvdv=

t
. i+ + V2
S FdF=d A Ho §di = vidv. + vedve +vdv. =d| ST | [V , mnostomy d my .
x%Vx y4Vy z& vz ) ) 2

mv*
Bemuniy | Epy =~ | HashlBaIOT KMHETHUCCKOii SHeprueii dacTuitsi. PaGoTa Beex e, MeficTBYIOMX Ha wacruuy,
2
y mv, my _—
W/IET HA H3MEHeHNe ee KHHeTHYecKoii sneprum, T.e. dE,, =dA wm  Egyo = Equ :TZ_TI = [Y Far.
1

Ecmm MmaccuBHOE TEI0 ¢ MOMEHTOM WHEpIH [ BpamaeTcsl BOKPYT 3aKpEIUICHHOH OCH, TO CyMMa KHHETHIECKUX YHEp-

2

m i m(”@ (A3

o _ ivi _ i\"i _

THii COCTABIISIONINX €0 MATEPHATBHBIX TOUeK | By = 2 5= > 5 ==
i i

DTO — KHHeTHUYECKAsl YHEPTUs BpaIlaTelb-

HOTO JIBIXKeHus. BE usmenenue papHo paboTe MOMEHTOB CHJI, Bpamaromux Teno: |AE, gy = A(I w / 2) = J'M Ldb|.

Onpeodenenue: cuiia, paboTa KOTOPO HE 3aBUCUT OT ()OPMBI U JUTHHBI TTyTH (OT Tpaek-
TOPHUH TOYKH MIPHIIOKESHUS CHJTBI), Ha3bIBACTCSI KOHCEPBATHBHOM cuitoit. PaboTa KoHCEepBaTHBHOMN

CHITBI TI0 JTFOOOMY 3aMKHYTOMY KOHTYpY (Y4acTHIIa BO3BpAaIIacTCs B HCXOAHYIO TOUKY) paBHA HY-
JI1O.

A,,=const

PaboTy KOHCEpBaTHBHOW CHIJIBI MOKHO IPEJCTABUTh, KaK M3MECHEHUE (YOBLIb) HEKOTO-
poil ckansapHoit QyHKIMK E ., 3aBUCSIIEH TOJBKO OT IOJOXKEHHS YaCTHIBI (TeIa), KOTOpas Ha-
3BIBACTCS HOTCHIMAIBLHON YHEPrHEH:

dA (ouc = FKOHCd;; ==dE.o | v |E;o —E

I

-AE,

mnor2 — mnor —

FKOHCd_"

_—

OT0 - ompeeNieHre MOTeHITUANBHOM Heprun. KoHCepBaTUBHBIMU OYAYT:

mnt

}’2

1) cuna rpaBUTALMOHHOTO HPHTSDKCHUS Fin,, =G , TSI KOTOPOW TIOTEHIMATIbHAS YHEPTHS MPUTSIKCHUS IBYX TEJ C

mm,

s

MaccaMu my W my paBHa  Ejgp nay (1) = =G

i 2) cuna ynpyroctu Fynp =-k 7, nis KoTOpoli MOTEHINANIbHASL SHEPTHs yIpyroi nedopmannu (pac-
yIIP

L | kr?
| " TSDKCHHS NPY)KHHBI C )KECTKOCTBIO k Ha JUIHHY 7) paBHA Ejgp vy, (1) = -

0

U(o)=0 3) cuna ket F = mg , U1 KOTOPOM MOTEHIMATBHAS YHEPTHs E o =mgh.

NN

RS



45
3aMeTuM, 9TO MOTEHIUATbHAA JHeprud onpejaejeHa ¢ TOYHOCTBIO 10 l'lpOPBBOJ'[bHOﬁ mocCTo-

sSTHHOM. Tak Kak M3BECTHA TOJLKO ¢ Pa3HOCThb, TO K BBIPAKCHUIO EHOT MOXHO L[06aBI/ITI) MW BBIYCCTH JIIO- k{ ’ h

6Y10 TOCTOSAHHYIO BEJTHUHHY. I p—
Hanpumep, MOTEHIHATIBHYIO SHEPTHIO Tella MOKHO BBIYMCIISTH OTHOCHTENLHO YPOBHS JIFOGOTO 3Taka
3/1aHAs, OTHOCHTENBHO YPOBHS MOPSI, OTHOCHTENBHO IEHTPA 3EMIIA | T.11.; BEINYHHA €€ IPH TOM, KOHEUHO,  |=blil o1ax
6y/eT pasHOM, HO paboTa KOHCEPBATHBHOI CHIIBI TSIKECTH IIPU NIEPEMEIIEHHN Tea /11 BO BCeX cydasx oy-
JIeT OJTHOM U TOoH xke!
[To3TOMy B Ka’JI0M KOHKPETHOM CIlydae JOTOBAPUBAIOTCS O HAYajle OTCYETA MOTEHIMANBHOM YHepruy (B KaKOi HMeH-
HO TOUKe cienyeT cuntats E, .. =0 u3 cooOpaxenuil yno0cTBa).

N HexkoHcepBaTUBHBIMU Ha3bIBAIOTCS CHIIBI, pa00Ta KOTOPHIX 3aBHUCHUT OT JUTHHBI U (hOPMBI ITy-
/§ . OTCIOJIa CIIEAYET, UTO Ha 3aMKHYTOM ITyTH paboTa HEKOHCEPBATUBHBIX CHJI HE paBHA HYJIO, U
1 C HUMU HE CBfA3aHa MOTEHIHAIbHAS YHEPTHSL.
2 IIpumepamMu HEKOHCEPBATUBHBIX CHJI SBJISIFOTCS: CHJIA TPEHUS CKOJIBKEHUS U CUJIBI BSI3KOTO Tpe-
P Hus. Tak, U3 pUCyHKa clieBa BUIHO, YTO padO0Ta CHIIBI TPEHUS CKOJILKCHUS 3aBUCUT HE OT IepeMeliie-
F N HUS TeNa, a OT JUINHBI Ty TH: AI]3 =-UN!, n HEe paBHA HYJIO TIPX BO3BPAIIICHUH TEJIa B HCXOTHYIO
™ mg
TOUKY.
3aoanus:
U Il 1) HeOompinas maiida HaunHAET IBMKCHUE 0€3 HAYaIbHOW CKOPOCTH T10 TIIAJIKOM JeITHON
A, ropke u3 Touku A. CONpOTUBIICHUE BO3IyXa MPEHEOPEIKUMO MaJo. 3aBUCUMOCTh TIOTCHIIU-
100 '\\\ anbHOM sHeprun U (x) IaiiobI OT KOOPIUHATHI X H300pakeHa Ha rpaduke cieBa. Kuneru-
AN . .
80 B geckast dHeprus maiosl B Touke C (yKaXuTe MPaBWILHBIN OTBET):
60 a) B 2 pasa Oouipliie, 4eM B TOUke B
40 0) B 2 pa3a MeHbIIIE, 4eM B TOUke B
C1] B) B 1,75 pa3za GoJbIie, 4yeM B Touke B
20 et
r)B 1,75 pa3a meHblie, ueM B Touke B U, T
\
0o 2 4 6 8 10 12 xm 100 -
g0 L0
2) Teno maccel m = 10 Kr HaYMHAET ABMKEHHE CO CKOPOCTBIO V(y = 4 M/C 110 IIagKou Jeas- ™
HO¥ ropke 3 Touku A. CONpOTUBIICHHE BO3yXa IPEHEOPEKUMO Majio. 3aBUCHMOCTh TIOTEH- 60
UATFHOY SHEPTUH 3TOTO Tela OT KOOPAMHATHI X n300pakeHa Ha rpaduke U (x) cmpasa. B 40
Touke B Teno, yaapuBimuce, npuarMnaeT K crene. CKOJIBKO TETUIOTH BRIAETMIOCH B PE3yNbTa- 20 N —+4B
T€ HEeyIpyroro yaapa?
Ortser: 140 Ix. 0 2 4 6 8 1012 xmM
?0 3) Illaiiba Maccel m = 1 KT, ABUTAsCh CO CKOPOCTBIO V= 1 M/C, COCKalIb3bIBAET C TOPKHU BBICOTHI /1 = 1 M.
Bo Bpemst nBiKeHuMs Haj mait6oit Oblia copepiena paboTa cui Tpenus 4., = 1 JIx, yckopeHne cBo60HO-
h - Tromagenus g =10 m/c’. HaliTh BeIMHHHY CKOPOCTH MIAHOBI V TOC/IE COCKaTb3BIBAHHS C TOPKHL.
C— Ortser: 4,36 Mm/c.

4) [MnactunuHOBBIE mAaphbl ¢ Maccamu m | = 20T 1 m, = 30, nereBmue co ckopoctasmu v, =40 m/c u v, =20 m/c BO B3a-
AMHO MEePICHANKYIISPHBIX HATIPABJICHUSIX, CTOJKHYJIMCH U CIIMILTUCH. Kakoe Terio BRIIETIIOCH TP yaape?
Otset: 12 JIx.

5) Illapel ¢ MaccaMi m ;| =M ¥ M, =2m MNOABENICHB Ha HUTAX OJMHAKOBOM MIMHE L. Boapmmii oTBOISAT Ha L
L
yroia o = 60° u OTITyCKAIT 0e3 HaYalbHON ckopocTH. Ha Kakyio BeICOTY h MOJHMMETCS MEHBIIHH IIap Mmocie
LEHTPANILHOTO yJapa, eClii yJaap a) abCOMIOTHO YHpyruil; 06) aOCONOTHO HEYIpPYTuii? T,
Otset: a) h=8L/9; 6) h=2L/9. m,

6) CroNB3SIIMIA 110 Y IIap HajeTaeT Ha MMOKOMBIIHICS IIap BABOE OONbIIeH Macchl. Y aap abCOMIOTHO yNPYTUil U HELEHTPab-
HbII. BenuunHe! ckopocTeil mapos nociue ynapa oquHakoBbl. [To kakum yraoM O Iapsl pa3ieTaroTcs mocie yaapa?

Otser: o =120°.

7) Jleraas rpanata pazopBajack Ha JBa OCKoJIKa. Macca 0JTHOTO M3 HUX BJIBO€ 0OJIbILIe Macchl Jpyroro. O6a oCKoJKa JETAT 0]
yrmom O =60 k HampaBIeHUIO IBMKEHHS TPAHATHI JI0 B3PbIBA. BO CKONBKO pa3 H3MEHSETCS KMHETHUECKAs YHEPTHs CHCTEMbI B
MOMEHT B3pbIBa?

OtBet: yBenuuuBaercs B 4,5 pasa.

8) HeBecomast HepacTsDKUMasi HUTH IepeOpoIIeHa Yepes TIIaIKiue ONopsl, HaXOAAIINecs Ha OHOM TOPH30H-
TaJbHOM ypoBHe. Paccrosinue mexay onopamu L = 3 M. K KoHIIaM HUTH U K €€ CpeIHEeN TOUKe MEXAyY OIopa-
MU IPUKPEIJICHBI OJTMHAKOBBIE TPY3bl Maccoi m = 1 KT KakJblil. B HayaJbHbBIII MOMEHT BpeMEHU CUCTEMA T10-
KOUWJIACh, KaK MMOKa3aHO HAa PUCYHKE, a 3aTeM ¢€ OTIYCTHIIH 0e3 HavyaJbHOI CKOPOCTH, M CUCTEMA MPUIILIA B m
nBkeHue. HallTu MakcuManbHOE 3HaUeHHE CYMMapHO KHHETHYECKOI SHEpPTUU BeceX TPEX IPy30B B Ipoliecce
9TOTO IBUKCHHUS.

Otser: 4,02 [Tx.
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9) Humuanp ¢ maccoit m =0,1 kr u ¢ pagnycoM R =0,5 M KaTtutcs 0e3 IPOCKaIb3bIBAHNSA 1 IMEET B Hadallb- /7 -

. (4
HBI MOMEHT BpeMeHHU KuHeTuueckyro dHepruro 800 k. MomeHT cun Tpenus cosepiumi padory 200 Ix. Uemy

cTajia paBHa KHHETHYECKAs SHEPTHs BPANIATEILHOTO JBIDKCHIS IWIMHAPA, MPOJI0JIKAIOIIETO KAaTUTHCS 03 Tpo- /

CKaJIb3bIBaHUs? Otser: 200 [x.

10) I[Ba MaJICHbKUX MAaCCUBHBIX MIapUKa 3aKPCIUICHBI HAa HEBECOMOM JUIMHHOM CTEPIKHE HA PACCTOSAHUU Iy

r, ‘
IpyT ot apyra. CTepKeHb MOXKET BpalaTbcs 03 TPEHUsI B TOPU3OHTAILHOM TUIOCKOCTH BOKPYT BEPTHUKAIIb- J} ) f:?_‘i ) l
HOM ocH, mpoxoAuIeil mocepenute Mexxay mapukamu. CTepKeHb PaCKpYTUIIH U3 COCTOSIHUSA MOKOSI 10 YT- O
JIOBOI CKOPOCTH (), TIpH 3TOM ObLIa coBepiieHa padora A;=1 k. [llapuku pa3aBHUHYIN CHMMETPUYHO Ha O
paccTosiHUE 1, = 21| ¥ paCKpyTHIIH JI0 TOH ke yrioBoi ckopocTr. Kakas pabora mpu 3ToM Obla coBepiieHa?

Otset: 4 Jx.

11) B nieHTpe TOpU30HTAIBHOTO JUCKA MacChl m | U pamuyca R , Bpamaromerocst 6e3 TpeHUsT BOKPYT 3aKPETUIEHHOW BepTHUKAIh-
HOW OCH CHMMETPHH C YTIIOBOW CKOPOCTBIO (), CUANT JKyK MacChl m, . Kakoe Temnsuo BBIAENUTCS, ECIIU JKYK: a) MEPEMON3ET Ha

Kpail 1ucka, 0) mepenpsIrHeT Ha Kpail Tucka?

Oteer: Q= M.
2(m; +2m,)
m 12) Ha abGcoimoTHO TJIaKOM JIbIY TTOKOUTCS JIETKUH TUCK paamyca R m maccel m. /IBa ManeHbKUX Ky-
COYKa TUTACTHJIMHA TOH )K€ MacChl M CKOJB3ST TI0 JIby HABCTPEUy NPYT APYTY C OJUHAKOBBIMH CKO-
3 @ i pOCTAMHU V TO KacaTeNbHOW K 0001y JUCKAa W OJHOBPEMEHHO MPUJIMIAIOT K HeMy. Bo ckonbko pa3
MIPH STOM YMEHbBILIAETCSl KUHETUYECKasi SHEPTUs BCel CUCTEMBI? -~
m Ortset: B 1,25 pasa.

13) ToAnMuIeHHbIH Y OCHOBAHHS TOHKMI BEpTHKAIbHEIH cTON6 BhICOTH h = 15 M mamaer Ha 3emmo. Uemy paBHa cko- D
POCTh BEpXHEH TOUKH CTOJI02 B MOMEHT yJapa 0 3eMIII0?
OtBetr: 21 M/c.

14) ToHKWIA OMHOPOIHBIN CTAILHOW CTEPIKEHb MacChl 1 = 1 KT ¥ ITMHBI [ = 1 M MOET BpamaThCs B BEPTUKATHLHOMN
!  TUIOCKOCTH BOKPYT TOPHU30HTAIBHOM OCH, TIpoXoAsiieil uepe3 ero koHer 0. '0Opu30HTaIbHO B TOM K€ TJIOCKOCTH Ha
— CTEpKEHb HAJIETAET CTAJIbHOW IIAPUK TOM K€ MacChl /11 CO CKOPOCTBIO V = 1 M/C U OTCKaKUBAET CO CKOPOCThIO
mo—f4 u=0,5m/c mocne abcoOTHO YIpyroro yaapa. HaliTi yriioByro CKOpOCTh BpalIeHHS CTEPKHS ITOCIIE yapa.
Ortsert: 1,5 pan/c.

15) B HIKHUI KOHEI[ MOABEIICHHOTO K MOTOJKY HETOJBIKHO BUCSIIETO TOHKOTO CTEPXKHSA Macchl M W JumiHBI L
Bpe3aeTcsl W 3acTpeBaeT B HEM MyJs MAacChl m , JIETEBIIAs TOPU3OHTAIBHO CO CKOPOCThIO V. Cumras, 4To m << <<

. . M
M, omnpeaenuts Temao Q, BeIAECTUBIIEECS NPHU yAApe U yTod O , Ha KOTOPBIN OTKIOHUTCS CTEPXKEHb C 3aCTpSABIICH B
r|| L
.. . my 3m . [mv | 3 -
HEM IIyJIen. OtBet: Q= 1-—|; a=2arcsin| — | — vV m
2 M 2gl. =

16) Tonkuii MacCUBHBIN cTepKeHb IIUHB L 1 Maccsl M, MOJBEIIEHHBIN 32 OMH U3 KOHIIOB, BUCUT HEMOIBUXK-
0 Ho. Ha xakoM paccTossHUU b OT TOUKH MOJBeca B HEro JO0JHKHA Bpe3aThesl U 3aCTPATh B HEM MyJisl MacChl m , Jie-
TEBIIIasi TOPU3OHTAIBHO CO CKOPOCTBIO V, YTOOBI MMITYJIEC CHCTEMEBI MPH yJIape COXpaHWiCs (B TOYKE MOJBeca HE
L ?Aﬁ. BO3HHMKaJla TOPU30HTaNbHas cuia peakuun)? [punate m << M.

m BapuaHTsl 3TOi 3aaun: Kakoi TOYKOW JIoOMa HAJ0 OUTH IUTAIIMSI MO IIeCTepEHKE, HACaKMBas ¢ Ha OCh, YTOOBI
M pyka He uyBcTBOBaJa oTaaun? Kakoi Toukoi cabnu (Madere) Hano pyOuTs TpocTHHK? Kakoi Toukoi kepau Halo

OUTP IO KaMHIO, YTOOBI C HANOOJBIICH JETKOCTHIO TIEPEITOMUTD KEPIh?

OtBer: b=2L/3

17) Teno HaYMHAET CKOJIB3UTH 0€3 HAYAIBHON CKOPOCTH C BEPXHEH TOUKU TPAMILIHHA, KOTOpas HaXo-
uTes Ha BeicoTe H = 60 M HaJl TOBEPXHOCTHIO 3eMJTH. B Touke OTphIBa MOBEPXHOCTH TPAMILTHHA TOPH-
30HTaJbHA (CM. PUCYHOK). TpeHHeM pH CKOJBKEHHUH Tella TI0 TPAMIDIHHY U CONTPOTHBIICHHEM BO3/IyXa
npenedpeus. [Ipr HeKOTOPOit BEICOTE /i TOYKM OTpPhIBa TOPH3OHTANBHAS JUIMHA § JAallbHEHIIETo mojéra
Tena OymeT MakcuMaabHOW. HaliTh Bemu4nHy 3TON MakCUMabHOHN JITUHBI § “TIPbDKKA’.

OTBET: Spax = 60 M

=—T
|
[
1

8.8. ITnockoe Osudicenue 6 mexanuxe.
8.9. 3axon coxpanerus u usMeHeHUs: NOIHOU MEXAHUYECKOU SHEPSUL U €20 UCHOIb308AHUE 6 3A0aAUaX MEXAHUKU.

CyMMa KHHETHYECKOW U MOTEHIIUATLHON YHEPTUM YaCTUIIBI WJIM CHCTEMbI Ha3bIBAETCS €€ MOJHOW MEeXaHWYeCKOW IHEPTHe:
|Evex = Equn +E

KHUH TIoT L

Ilonnas MexaHudeckas OHEPIrusl CUCTEMbI COXPAHACTCA, E

Mex — const|, eciad B Hel ﬂeﬁCTByIOT TOJIBKO KOHCCPBATHUBHBLIC CHUJIBI.

OT0 — 3aKOH COXPAHEHUs IOJHOM MEXaHUYECKOW YHepruu. B 3ToM ciydae moTeHIManbHas SHEPIUs NPEBPAIACTCs B KHHETHYE-
cKyto u Haobopot AE, ,, = -AE ., .
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Ecnu B cucTeMe AeHWCTBYET XOTs ObI OJIHA HCKOHCEPBAaTHUBHASI CUJIA, TO MOJIHAS MEXaHUYECKasl JHEPTHUS HE COXPAHSICTCS.
2
E¢ usmeneHue paBHo pabote HekoHCepBAaTUBHOIM cHibl: |AE oy = A yorone = j F yexone LF| . B 9TOM cirydae MexaHHdecKast
1

SHEPTHs NePEXOIUT B IPYTHE BUIBI YHEPTUN — XUMHUUECKYIO, TETUIOBYIO M.T.11. Yaie Bcero (Ipu IeHCTBUH CIJI TPEHHSA) — 3TO Te-
wio Q . PaGoTa HEeKOHCEPBATHBHBIX CHJI TPEHUS paBHA N3MEHEHHIO MEXaHUUECKOHW YHEPTHUH M PaBHA BBHIIEIAIONICMYCS TEILTY:

E

MEX KOHEYH — Q .

2
A TpeHns — J.F TpeHHs Ldlr = E\tex nawamsn ~
1

JIBmkeHMe TBEPOTO Tela, IPH KOTOPOM IIEHTP Macc IepeMenaeTcsi B QUKCHPOBAHHON TIOCKO-
CTH, 2 OCh BpAIlleHHs TeJa, IIPOXOISIIas Yepe3 ero MeHTP Macc, OCTAETCs MEePIICHANKYISIPHON K
STOH IIOCKOCTH, Ha3bIBACTCS IUNIOCKUM JBIDKEHUEM. THITMYHBINA IpUMeEp — KadeHHE CHMMETpHY-
HOTO TeJa. DTO IBMKEHNE MOYKHO SBIISIETCS CIIOKEHHEM TOCTYIATeIHHOTO IBMKCHHUS U Bpallle-
HUS BOKPYT HEMOABIKHOM ocH. [103TOMY IITOCKOE IBHKEHHE OMHCHIBACTCS YIIPOIIEHHON CHC-

mﬁc :FBHem,
Ie=M,.

Kunetuueckas OHEPIrud Tejia, COBEPUIAOMICTO IJIOCKOE ABUKCHUC, CKIAAbIBACTCA U3 KUHETHYC-
CKOM OHEPIruu NMOCTYyNaTCJIbHOI0 ABUKEHHUA CO CKOPOCTHIO IICHTPpA MAaCC U KHHETUYECKOMH OHEP-

2
. _mvg 1 o
TUH BPAILATeIBHOTO JABIKCHUS BOKPYT OCH, IPOXOAsIIeil yepes HeHTp Mace: B nnock =+

TEMOMH JIBYX YPaBHCHHU JBUKCHHUSL:

2 2
HpuMep: 6I/IJ'II)SIp,HHI>Ie mapbl HE CKOJIB3AT, a KaTATCA 10 CYKHY 6I/IJ'[I>$Ip[[HOI‘O crona 6e3 MMPOCKaJIb3bIBaHUA. HpI/I OCH-
TpaJIbHOM CTOJIKHOBCHUU MMOKOUBIIEMYCH LIApy " nepeaacTesa SHEPIrus TOJIbKO MOCTYNAaTCIbHOTO ABUKCHUA KATUBIICTOCH 1Iapa

L& 5 "1". IToaTomy cpa3y nocie ynapa map "2" HauHeT CKOJIb3UTh, a Imap "1" — BpamaTecs Ha
Harpas- ® __ Mecte (mpoOykcoBbIBath). I1loa neficTBUEM CHII TPEHHS M UX MOMEHTOB CKOPOCTh V Illapa
JieHue A
Y "2" HayHeT MOCTENEHHO YMEHBIIATHCS, @ €r0 BPAIlleHHe OTHOCUTENBLHO 1IEHTPa — YCKO-
yhapa psaTees. st mapa "1" — Hao60poT. B pesynpraTe 00a mapa HAYHYT KaTUTHCS B HAaIpaBJe-
- 7 HUM yaapa 0e3 nmpockanb3siBaHus. bes yuera cuit TpeHus Ha-
]E‘Tp { }FTD 5 JICTAIOIIHH IIap OCTAHOBUTCS, a TOKOWBIIUNACS HAYHET CKOJTb-
3UTH CO CKOPOCTHIO HAJIETAIOMIETO IIapa. Yo
MOKHO CHIIBHO PaCKPYTHTB JICTKUH [Iap MU MY TaK, KaK IOKAa3aHO Ha TPABOM PHCYHKE, U >
OpoCUTh €ro Ha MOBEPXHOCTh CO CKOPOCTBIO V, . Ms4 OyaeT npockalb3bIBaTh, IOCTEICHHO OCTAaHO- F
™
BUTCS ¥ HAYHET KaTUThCS B OOPAaTHYIO CTOPOHY, BO3BPAIIAsCh K OPOCHBIIEMY €TO YEIIOBEKY.
3aoanus:
(—L 5(‘) 1) ToHKHMI OTHOPOIHBIN TUCK MACCHI 71 U paguyca R ckaThIBaeTcs 6€3 MPOCKaIb3bIBAHMS C TOPKH BBICO-

THI h, coBepIIast INIOCKOE ABMKEHNEe. HauanbHast CKOpOCTb IIEHTpa Macc AWCKa paBHa V, . Haiinute yr-
JA (ﬁ = JIOBYIO CKOPOCTh BpallleHHs AUCKa MOCJE TOT0, KaK OH CKaTUTCS ¢ Topku. COMPOTUBIICHHEM BO3/1yXa
(3)—=" mnpenedpeub. m =3 kr, R=4M, v, =5m/c, h=6Mm, g=10 m/c.
Otsert: 2,56 pan/c

~3 A o
.V 2) 1o ropu30HTANIEHON MOBEPXHOCTH KATITCS C OJIMHAKOBBIMHU CKOPOCTSIMU V o = 1 M/C MWIMHAP | 1Iap C OAH-

HaKOBBIMH MaccaMu W pamnycamu. OHHM CKaThIBAIOTCS 0€3 CKOJBKEHHUS CO CKJIOHa BBICOTHI h = 21 cm. Bo
CKOJIBKO pa3 CKOPOCTH IIapa IOciie CKaThIBaHUS OymeT OoJbITe CKOPOCTH IUIHHApa?

h
Otper: ~1 (VOZ +170ghj/(v02 +:ghj =1,026.

Vi

3auetHoe 3aHATHE. VITOroBas KOHTpoJbHAas paboTa

Ipumep eapuanma umoeo8oil KOHMpPOILHOU pabompl (3a4emHO20 3A0AHUL):

. . M
1-1. Haiiti MOyJIb pa3HOCTH BEKTOPOB |d — b|, N300pakeHHBIX Ha pUCYHKe cipaBa. OTBET OKPYTIUTH 2 ’
JI0 IBYX 3HAYamuX mudp. 6 LT al
a)3,6 0)8 B8l 172 m 1,4 e) 9,9 ’K) HET PaBUIBHOTO OTBETa A -
U SN

) . NEl
1-2. Haiit KocHHYC yria O MeXay BEKTOpaMH d U b , n300pakeHHBIMU Ha pUCYHKe cripaBa. OTBeT } i X. M
OKPYTIHTH J0 IBYX 3HAYAIIHAX TUAD. 0 2 4 & 8

a)0,85 6)-0,87 B)0,16 T1)0,65 m 0,75 e) 0,99 ’K) HET TIPaBHIILHOTO OTBETA
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M 1-3. HaifTu MOJy/Tb CyMMBI BEKTOPOB ‘a +I;‘ , I300pakeHHBIX HA PUCYHKE ciieBa. OTBET OKpYT-
8 ] JUTH 70 ABYX 3HAYAIMX udp.
6 i [;’: a)7,1 0)11 1892 110 m 12 e) 5,7 ’K) HET MPaBWJIBHOTO OTBETA
4
2 g M 1-4. Haiit MOTyJTb BEKTOPHOT'O TIPOU3BEICHUS ‘[ﬁxlg]‘ JUTST BEKTOPOB d W b, A300paKEHHBIX
0 2 ‘ 4 6 8 Ha puUCyHKe ciieBa. OTBET OKPYTIHTH J0 IBYX 3HAYAIMINX TUAD.

a)ll 0)32 B)22 1)3l m 28 e) 18 ’K) HET MPaBMJIBHOTO OTBETA

1-5. Haiitn 3Ha9eHHE TPOU3BOIHON OT QyHKIIMK | (x) =sin (cos x) +4x° B TOUKe C koopauHatoi x = 1. OTBET — MONy4YeH-

Hoe Bamu umcio, okpyriieHHOE /10 TpeX 3HaYauux mudp.

1-6. Ha pucyHke H300pakeHa ILIOCKAst KpUBAs, Ha3bIBaeMask KIOToMA0H (crupansio Kopaio). Touka A gBu-
JKETCsI BAOJIb 9TOM KPUBOH B HAMpaBICHUH, YKa3aHHOM CTPEJIKOH, C MOCTOSIHHOM 10 BEIMYUHE CKOPOCThIO. [Ipu
9TOM BEJIMYHHA €€ TIOJTHOTO YCKOPEHUS:

a) paBHa HYJIO 0) TIOCTOSIHHA W HE paBHA HYJIIO

B) YBEJIMYHUBAETCS I) yMEHBIIAeTCs

1-7. Benuunna (MOLyNb) CKOPOCTH MaTepHansHoii Toukn M | Bce BpeMs ABHIKYyILIEHCS O OKPY/KHOCTH,

MCHSACTCA CO BpEMCHEM 110 3aKOHY, TIOKa3aHHOMY Ha pHUC. 1. KaKOMy Y4acCTKy 3TOro I‘pa(bI/IKa COOTBETCTBYIOT PucA

yKa3aHHbIE Ha PHC.2 HANPABJIEHHS CKOPOCTH V W CHIIBI ﬁ , AelicTBytome# Ha Touxy M ?
a) 0-1 0) 1-2 B) 2-3 r) 34

1-8. YacTHia ABMKETCS BAOJb OKPYKHOCTH C PATUYCOM | M B COOTBETCTBUU C yPaBHCHHUEM Puc.2
o) = 2T[(t4 -4 +617 -121+ 24) , TIe (]) — yTOoJI B paguaHax, ! —BpeMs B CeKyHIaX. BemndnHa TaHTeH-

[AATBHOTO (KAacaTeJIbHOTO K TPACKTOPHH) YCKOPEHUS YaCTHIIFI MUHUMaJIbHA B MOMEHT BpEMEHH (B CEKyHaX), PaBHBIH:
a) 1 06) 2 B) 3 r 4 1) HET TIPaBUJILHOTO OTBETA

1-9. Tonkuit 06py4 ¢ maccoit m = 0,1 kr u ¢ paguycomM R =0,5 M KaTuTcs 0€3 MPOCKANB3BIBAaHHUS U IMEET B HaYaJIbHBIN MO-
MEHT BpeMeHH KnHeTnueckyto sHepruto 800 /Ix. MomeHT cuit Tpenust cosepumi pabory 200 k. Kunernye-

CKasl SHEPTHsl BPAIIATEILHOTO JABMKEHUs 00pyda, IPOJOIDKAOIEro KaTUThCs 0e3 MPOCKalb3bIBaHMs, CTajla /7
Hocie 9TOro paBHa: J
a) 1000 [Ix 6) 600 JIx B) 300 [Ix r) 500 Ix

) HET TIPaBUIIBHOTO OTBETA

1-10. TBepaoe Teno HaYWHAET BPAIATHCA BOKPYT OCH Z C YTIIOBOM CKOPOCTHIO, MPOEKITNS KOTOPOH

Wz, pan/c M3MEHSETCS BO BPEMEHH, Kak IMoka3aHo Ha rpaduke. Ha kakoit yroi OTHOCHTENBHO Ha4aIbHOTO TMO-
4 JIOKEHUST OKAXKETCS MMOBEPHYTHIM TEJIO uepe3 8 CeKyH?
a) 8 pax 6) 10 pan B) 12 pan r) 16 pag
2 1] 1) HET MIPaBUIILHOTO OTBETA
0 8110
L 121416 t, c 1-11.9
5 | [T -11. Yactuna nBueTcs Tak, 4To €€ painyCc-BEKTOp 3aBUCUT OT BPEMEHH IO 3aKOHY

3 4
r(t) =i D‘l(—] +j [B(—] +k[C,rtne A, B, C — IOCTOSSHHBIC BETUYWHBI, [, j, K — €TUHAYHBIC
T T

OpTHI B ICKAPTOBOY crcTeMe KoopauHaT. HaiinuTe TaHreHe yriia, moj KOTOPBIM OyIeT HampaBieHa CKOPOCTh V K OCH X B MO-
MeHT BpeMmeHHu =1 c,ecmu T=1 c. A=2 ™, B=3 M, C=4 M. OtBeT — nonyuenHoe Bamu uucno.

1-12. YacTulia Hayana CBOE JBUKCHHE U3 Hayalla KOOPAUHAT, U €€ CKOPOCTH 3aBUCHUT OT BpEMCHHU 11O 3aKOHY

3
- - - t > = o
V(t) = (l A+ EB)(—] ,Tae A, B — mocTOsSIHHBIC BETUYHHBI, [, j — CAMHUIHBIC OPTHI B ICKAPTOBOH cucTeMe KoopAwHAT. Ka-
T

KOl myTh mpojenaeT yacTuna 3a Bpems 1 =1 ¢, ecmu T=1 ¢, A =2 M/c, B =3 m/c. OTBeT — nonydenHoe Bamu B cucteme CHU
YHCII0, OKPYTIICHHOE JI0 TPEX 3HAYAIMX IUdp.





