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3ausnrue 1. Tema: Ponb pu3nku B pa3BUTHH TEXHUKH.

MaremaTu4yeckuii annapar GU3UKH. BEKTOPLI U ONePalM ¢ BEKTOPaMH

1. BBEJ[EHHUE.

1.1. @Qusuxa kax nayka. Ponv gusuku ¢ pazeumuu mexnuru. Cesasv gusuxu ¢ mamemamurou. Obwas cmpykmypa u 3a-
dauu Kypca Quzuxu.

Haunem ¢ mpumepa: HEKTO MONY4YMI 3aJlaHUE, HATIPUMED,
OTIPEJICIIUTh PAANYC TPYOBI, IO KOTOPOW 3a OJMH Yac OyIEeT IpoTe-
kath 10 M Bozter. C 9TO# I1e71bI0 OH M3MEPHIT TOKA3AHHS CUCTUNKOB
pacxojia BOJIbI B HECKOJIBKUX JIOMax M Pajnychl TPyO, M0 KOTOPHIM
B HHX TekJia Bojia. [loyueHHbIe JaHHbIe OH 3aHEC B TAONHUILY

V,v° |75 | 159 21,1 128 215

rrem |08 [22] 35| 50[ 65

Y TI0 3THM JaHHBIM IOIBITANICS
MOCTPOUTh  HKCIEPUMEHTAIIb-
HBIE Tpaduk  3aBHCMMOCTH

V(r). Uro nomydurcs B pe-

3yJbTaTe?

OTBeT: TOJIBKO TO, YTO HUCCIEIOBATE b IOKA3all CBOIO MOJHYI HEKOMIIETEHTHOCTh U

HeoOpa30BaHHOCTh, TAK KaK COBEPIIMII BCE BOZMOKHBIE ONTHOKH:
— WCIIOJIb30BaH HEMPABUIIbHBIA U3MEPHUTENbHBII TPUOOP U HEMPABUILHYIO MPOLEAYPY U3Me-
peHui;
— [IPU U3MEPEHUAX MCIOJIb30BAHbI PA3HbIE U3MEPUTENIbHBIE MPUOOPHI (CUETYMKH PACcX0/a BOIbI, KOTOPbIE MOTYT IIOKAa3bIBaTh HE
COTJIACYIOIIHECS PE3YIIbTAThI)
— W3MepeHa He Ta BelnuvuHa (BHEUIHUi, a He BHYTPEHHUIN pajnyc TpyOBI, 0 KOTOPOU T€YET BOJA);
— HE OmpeJeNieHbl U He COTJIaCOBaHbI YCIIOBHUS, IIPU KOTOPHIX MPOBOIIIKCH U3MEPEHHs (Pa3HOCTH JaBJICHHUI HAa KOHIAX TPYOBI,
TEMIIEPATypa BOJBI U T.11.);
— MOJIYYEHO CIIMIIKOM MAJIO AaHHBIX JUIs IPAKTUYECKUX BBIBOJIOB;
— HEMpaBHIBHO 00pabaThIBAIOTCS HKCIICPUMECHTAIBHO TOJYYEHHBIC Pe3yabTaThl (0 KAKOMY M3 ITOCTPOCHHBIX rpadukos, A, b
wiu B, Gyzmet onpenensthes MCKOMast BeJIMInHa I?);
— HHYEro He CKa3aHO 00 OmibKe (IIOTPENTHOCTH) OIYUYCHHOTO pe3yibTaTa (YIOBICTBOPAT JIM 3aKa34MKa Pe3yJbTaThl, TOTyIeH-
Hele ¢ ommokoit B 50-100%7?);
— HaKOHEIl, SKCIICPUMEHTATOP MPOCTO HE 3HAT (PU3UKY, MOTOMY YTO ¢€ 3aKOHBI IMO3BOJISAIOT CICIATh MPABUIIBHEIN BEIBOJ 0€3
JIMIITHUX U3MEPEHUA.

B ponb Qusukm Ui CHENUANTUCTa-TEXHUKA 3aKITFOUACTCS B CICAYIOMIEM: JaTh O0Iee MOHMMAaHUEe O MEXaHHU3ME IpOTe-
KAIOIIUX B TEXHHYCCKUX CUCTEMaX MPOLECCax U CHAOIUTh ero oommmu GopMyliaMu, 3aBUCHMOCTSIMHU, KOTOPBIC MTO3BOJISIOT pac-
CYHTATh TH IPOIECCH 0e3 HEHYKHBIX M3MepeHuid. be3 Takoro moHuMaHus Jrodasi, gaxe OypHas, HEATCIbHOCTh TEXHUKA HAIO-
MUHAET JeITeIbHOCTh MIJUTHOHA 00€3bsH, KOTOPBIE HAXUMAIOT KJIABHIIIM MUJUTHOHA MMEYATAIONINX YCTPOMCTB (32 MUJUIUOH JIET Y
OJTHOM 13 00€3bsTH, OBITH MOKET, IOJYIHUTCS CIIyJaliHO HaIeyaTaTh YTO-TO UMEIOIIEE CMBIC).

Odusnka — npakTudeckas Hayka. OHa y4uT NpaBHIbHO CHUMATh U3MEPEHHs, 00pabaThiBaTh MX, OLIEHUBATH MOTPEIIHOCTH
W PacCUUTHIBATH JKEJIAEMBIH Pe3yabTaT.

Ousnka — Treoperuueckas Hayka. OHa y4uT OBICTPO M MPABUIIBHO HAXOIUTh JKEIaeMble 3aBUCHMOCTH MEXIy HU3Mepsie-
MBIMH BEJIMYNHAMH.

JIio0ble 3aBUCHMOCTY B peajibHbIX (U3HYECKHUX MpoLeccax H B TEXHHYECKUX YCTPOHCTBaX (yHKIIMOHAIBHBI. []e-

PEMEHHBIE, ONMUCHIBAIOLIME ATU IPOLECCH, 00A3aTENBHO CBA3aHbI (PYHKIIMOHAIBHOMN 3aBUCUMOCTBIO Y = f (X) . Harmpumep, 00bEM

\Y JKUJAKOCTH WJIM rasa, IpoTeKaroliero mno pr6e 3aBUCHUT OT paanyca pr6LI r, ot eé JUINHBI | , OT pa3HOCTHU LlaBJleHI/Iﬁ Ha KOHLax

Tﬂpr4
8nl

COBCEM HE HAJ0 W3MEPSTh CKOPOCTHh TEUCHHS BOABI IO TpyOe, KOTOpas pa3inyHa B pa3HBIX TOYKaX. 3ajavya GU3UKH — HAWTH T10-
0OHBIE 3aBUCHMOCTH, HCCIIEOBAaTh UX M JIaTh KOHKPETHBIC PEKOMEHIAIMH TEXHIYECKUM CITCITHAIICTaM.

TpyObl AP ¥ OT CBOMCTB camoii XHIKOCTH, eé Bsizkoctu 1: V = f (r,I,Ap,r]) = — ¢opmyna Ilyazeitss. 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, 1 B TEXHUKE, M B SKOHOMHUKE, U B IOJUTHKE, M B TICUXOJIO-
THH, U B JUHTBUCTHKE. TOJIBKO TOT, KTO MOHAMAET 3TH (DYHKIIMOHAJIBHBIC WIIM CTATHUCTHYECKUE 3aBUCHMOCTH, a HE TOBOJIb-
CTBYETCSI CJIOBECHBIMH pacCyKICHUAMH, TOOUBACTCS ycIexa.

Ipumep 1. Korga MOKHO MONy4HTh OOJBIIME AMBUIECH/BL MPOJAAB 3a rof MamuHy neHoi B 100000$3a 200000$unum, Mmest CTapTOBBIA KanuTal B
1000py6 1 mponaBast xaed?
Omeem: KOHEYHO BO BTOPOM ciiydae. ExeZJHEBHO MoOKymas xje0 M pacupojaBas ero ¢ HaueHKod 1% MOXXHO 3a TOX JOBECTH CBOM KamuTal [0

1000Eﬂ 1, 0)365 = 3778By6 . Ecnu npomaBath ¢ Haienkoit B 10%, To B pe3ynbTare 3a roj MOMY4IUTCs 1000Eﬂ 1, )365 = 1,2818 py0 (mpupercs orpanu-

YUBATh CBOIO TOPTOBIIIO).

Ilpumep 2. 3a monutuka “A” cobuparorcs ronocoBats 98%u3 N=250mn u3bupateneit, a 3a nomuruka “b” — 2%. [Ipemioxkute nporexypy BEIOOPOB,
KOTJIa TOJIOCYIOT BCE, B COOTBETCTBHHU CO CBOUMH JKENaHMAMH, 6e3 MOATaCOBOK, HO OOJIBIIMHCTBOM TOJIOCOB OyneT H30paH moiauTk “b”.

OTBeT: 0ueHb NPOCTO. MHOTOCTYIEHYAThIC BHIOOPHI C MIPABUIIBHON HApPE3KOH H30MpaTebHBIX IPYII, KOTrJa OONBIIMHCTBOM TOJIOCOB BHIOHPAIOTCS Je-
JIeraThI-IPEACTaBUTENIN, KOTOPEIE OYIyT TOI0COBATh Ha clefyromeM dTare. Ha kaxkmom sTamne m3bupaTenu GOpMHpPYIOTCS B TPYIIBL U3 25 4enoBeK, B KO-
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Topbix 13 Oyayt ronocosath 3a “B”, a 12 —3a “A”. B sTux rpynmax Oyzaer u30paH [eierat, KOTOPBIH rojiocyeT B mocieayromeM 3a “B”. OcranbHbie
IPYIIIBI COCTOAT TOJNBKO M3 W30Mpartenei, ronocyromux 3a “A”. Tlocie nepsoro stana Bei6opoB octanercs 0,02[N/ 13 nenerartos, romocyomux 3a “B”

3 OO0IIEro unciaa N/ 25 BrIOpanHbIX neneratoB. [locne Broporo stama Beibopos 0,02[N / lg JICNIETaTOB U3 N/ 252 Oynyt ronocoBats 3a “b”. ITocie

0,02N
TN —ro0 3Tama TroJOCOBAaHMS YHCIO MAEIEraToB, roysocyroummx 3a “B” craner Gosblue MOJOBHHBI W3 MX OOLIEro 4mcima. ————— >——, OTKyZAa
13" 2f
25Y" 1 In25 5
—| > =25u n>—0=-=49 Tlocne N=5- ro sTana BEIOOPOB OCTAHETCS N/ 25° = 25 peneratos, u3 KOTopbiX 6oblnHCTBO (13 mpoTus
13) ~ 200,02 In(25/13

12) 6yzer rosocosats 3a “B”. IlpuMep yTpupoBaH, HO, 3Hasi MAaTEMaTHKY, IPABHIBHOI Hape3KOil H30MPaTENIbHBIX OKPYTOB MOXKHO TOOHTHCS HOOEBI B TO-
JIOCOBaHHH TIPU HE CIIMIIKOM 3HAYUTEIFHOM Pa3pbiBE B rOI0CaX M30MpaTenei.

2. MATEMATHYE CKHH AIITIAPAT OU3HUKU
2.1. @ynkyuu 6 usuxe. Hccredosanue gynkyuil

JInst onMCaHMs 3aBHCHMOCTEH HCIOIB3YIOT DJIeMEHTapHble (DYHKIMM: CTENCHHYIO X', TPHUIOHOMETPHUECKYIO SiNX,

COSX, tgX, CtgX, SKCIIOHEHIHAIBHYIO exp(x) =€*, norapudmuueckyio INX wmim 10gX, 06PaTHYIO TPUFOHOMETPHUECKYIO

arcsinx, arccos, arctgx, arcctgx u t.m. 9to — npocteie Qyukuuu. Ho dhyHKIMOHATEHAS 3aBUCUMOCTh MOYKET OBITh CIQKHOU

— KOMOHHaIMe# TpocTeX QyHKImH, Hanpumep f (X) = Sin( exp( Xz)) + |r(X3) 1 T.11. Takyro 3aBUCHMOCTB HE BCETJa MPOCTO OII-

PEeNUTh C TOMOIIBIO TIPOCTHIX H3MEPEHUH.

Ho ¢dynknmonansHbIe 3aBUCUMOCTH, KaK MPaBHIIO, HE 0HOMEpHEI. JIobas ¢pusuveckas cBA3b
3aBHCUT OT M3MEHEeHHs He OJHOI, a MHOTHX NepeMeHHBIX. B miepByto ouepens cieayeT HOMHUTB, 9TO
Bce (hM3MYECKHEe MPOIECCHl MPOUCXOAAT B TPEXMEPHOM IIPOCTPAHCTBE, T.C. 3aBHUCAT OT TpPEX IIPO-
CTPaHCTBEHHBIX KOOpPAWHAT X, Y, Z.[lo3ToMy MHOTrHe (pU3NYECKUC BEIMYUHBI JOJDKHBI OBITh KAaK-TO Ha-
MIPABJICHEI B IPOCTPAHCTBE, T.€. TOJDKHBI OBITh BEKTOPaMHU.

2.2.1. Buibop cucmem xoopounam. [Ipoexyuu gekmopa u O1uHa 6eKmMopa.
2.2.2. Cnorcenue u 6bluumanue 6eKmopos.

Bekrop 8 - 3TO OTpe30K MpsAMOM JIMHUN, UMEIOIIHIA OTIPEICIICHHOE HAIIPABICHHE B IPOCTPAH-

cTBe. Benmmunna (MOyIib) BEKTOpa —3TO [UTHHA TAKOTO OTpe3ka. YToOsl 3a1aTh (HapHUCOBATh) BEKTOP, HAZ0 BEIOPATh OCH KOOP-
JIUHAT, 33aI0IIMX HAIIPAaBIEHHUE B MPOCTPAHCTBE. Yallle BCEro UCHONb3YIOT AEKAPTOBY CUCTEMY KOOPAMHAT , T7I€ MOJIOXKEHHE

TOYKH 334aeTCS TPeMs KOOpAWHATAMHU X, Y,Z M3MEPEHHBIMH IO TPEM

B3aMMHO IICPICHIUKYIISIPHBIM OCSIM; HMJIMHIAPUYICCKYIO CUCTEMY KOOP-
JAWHAT, TAC MOJOKECHUEC TOYKHN 3a0aCTCA paCCTOTHUAMUA Ruzmu yriiom

¢ (X =Rcosp; y=R Sir¢) ; ChEPUYECKYIO CUCTEMY KOOPIUHAT, T/IE

J// % _ 427 _ AT T ‘j" — ~ I[IOJIOKCHUEC TOYKH 3a4aCTCA YAaJICHUCM I OT Hayajia KOOpAUHAT O u

Ty e 2 | yraamu ¢ u 6 (x=rsinBcosp ;y=r si® sip ;z=r coB) (cm. pu-
. N
g - \ CYHOK).

Janeiie Mbl OyzieM TOJIb30BATHCS JIEKApTOBOM CHCTEMOU koopauHat. Hampasnenue

TpeX B3aUMHO NEPICHANKYSIPHBIX OCel X, Y,Z 3a[aloT TpeMs B3aUMHO MEPHECHINKYISIP-

HBIMH BEKTOpaMH |, |,K, HampaBIeHHBIMH BIOJb 3THX oceil. OHH UMEIOT €IMHUIHYIO

JJIMHY W Ha3bIBAIOTCA OpTaMHU ,HeKapTOBOﬁ CUCTEMbI KOOpAWHAT. JTro0oit BCKTOD a s3amu-

ChIBAIOT B BHIC

a=ia, +jay +ka,|,

rie ay,ay,a, - MPOEKIMH BEKTOpa 8 Ha OCH KOOpAMHAT (CM. pucyHOK). [Ipoekiuu

BCKTOpPA — 3TO CKAJIAPHBLIC BCJIUYNHLI, HC UMCIOIIUC HAIIpaBJICHUA, OJHAKO OHU UMCIOT 3HAK. HpOGKIII/IH ax MOJIOXKUTCJIbHA, €CIIN

YTOJI MEKTy BEKTOPOM & M COOTBETCTBYIOIIMM OPTOM | OCTPHIii (< 90’ ) (@ mampaBneH BIOJIB OCH X), M IIPOCKLMS 8y OTpHIa-

TeJbHA, €CIIM YTOJI MEXTy BEKTOPOM & M COOTBETCTBYIONIMM OPTOM | TYHOii (> 90° ) (@ nampasneH mpoTuB ocu x). Ecnu sToT

yron pasen 90° u BekTOp & MEpNEHAMKYIAPEH OCH X, TO COOTBETCTBYFOMAS MPOCKIIMS PABHA HYITIO (ax = O) .

JlmnHa BekTopa 8 (OHa JKe Ha3hIBACTCS BEAMYMHOM MITM MOJYJIEM BEKTOpa) cieayeT u3 Teopemsl [Tudaropa:

a=|a|=,/af +a] +aZ|.

YroGhbi CIIOXKHTH /B BEKTOpa & = iay + ja, + ka, u b=ib, + jby + kb, , Ha1O CIIOKHTD X IIPOCKLIH



¢ =icy +joy +ko, =a+b =T (a,+b) +](a, +by ) +K(a, +b;)| .

Benmunna (MOzynib) CyMMBI IBYX BEKTOPOB OyIaeT paBHa

‘é+ 6‘ = \/(ax + bX)2 + (ay + by)2 +(a, + bz)2 . Ho gacro npu cro>xeHHH BEKTOPOB MPOLIE

CKJIaIbIBATh BEKTOPHI TEOMETPUIECKH, UCIIONB3YS MPABUIIO MTapaJlIeorpaMma.
VYV 106HO BOCIIOIE30BATHCS TEOPEMOI KOCHHYCOB: €CITH M3BECTHBI JIBE CTOPOHBI TPEYTONIbHUKA &, b 1 yrom Mexmay

HUMHU ¢ , TO KBaapaT IPOTUBOIOIOKHON CTOPOHEI |C2 =a®+b2-2ab COS¢| .

c
B (usKKe nonaraeTcst H3MEpsTh YITIbI HE B Ipafycax, a B pajmanax. T0=3,1415926. pamuan pasusr 18C°. 5
CoorserctienHo, 1paanan = 57,3 . Torna BenuumiHa CyMMBI IByX BEKTOPOB, KAK BHIHO H3 TPEYTONbHUKA HA PH-
CYHKe, paBHa |C| = ‘é+ 5‘ = \/az +b?% - 2ab COS(TT— 9) A |C = \/a2 +b2 - 2abcosd ,rme B — yroa Mexmy BeKTOopamu a u b.
=-cosf
I1pn BEIYMTaHUM BEKTOPOB BBIYUTAIOTCS MX NMPOEKLUH: (C = TCX + Tcy + IZCZ =da-b= r(ax - bx) + T(ay - by) +k (az - bz) .
3 Benuunna (MOys1b) pa3HOCTH JBYX BEKTOPOB OyIeT paBHA
— 2
‘é - b‘ = \/(ax - bx)2 + (ay - by) + (az - bz)2 . Kak 1 panb11e, y106HO BbIYECTh BEKTOPBI I'€0-
-b d  merpuuecku (CM. pucyHOK). JUIst 9TOrO HajO POCTO IIOMEHSTh HATPABIICHHE BHIYHTACMOTO BEKTO-
-7 pa b, MeHsis ero 3HaK M 3HAK BCEX €ro MPOEKIIHHA, 8 IOTOM CJIOXKHT II0TyYeHHBII BeKTop —b ¢
-7 BEKTOPOM & MO0 MPaBUIly MapauiesorpamMmma.
c=a-b IIpumep: Ha crIeyIONMEM PUCYHKE HAPUCO- y.M
BaHbI pa3Hble BEKTOPbL. HaliTi BeIMYMHY CyMMBI U BEIMYMHY pa3HOCTH Bek- 15 ﬁ i
Topo b u h. 14 \a P
C y4eToM HampaBJIeHMsI 33JaHHbIX BEKTOPOB UX MPOCKLIUH PABHBI 13 N g iy
bx:2M;by:—3M;hXZZM;hy:4M.T0rzLa 12 5
NG W
2 _ 2 2 _ _ . 10 ™
4= (B +he)? by +hy)* =2+ 27+ (-3 47 = VT7= 4226 O INCT 1T
~ = 2 2_\/ 2 2_\/—_ 8 7 \\-> r/r/
‘b_h" (b ~hy) +(by"hy) =\(2-2)+(-3-47 = 49= "m. 5 \D | B
6 > =
3aoanus: 5 = > v .
4 g n 4
Haiitu Benu4uuHy CyMMBI U pa3HOCTU BEKTOPOB W U [ dut; 3 3 / P t
Cu U (w000 Apyroii mapbl BEKTOPOB MO YKA3AHHUIO TPEIIOJABATEIIS). 2 3 \
:) = X M

2.2.3. Ckanapnoe npoussedenue 6eKkmopos. Buiuucienue yena 1234567 8 910112131415
MedncOy 8eKMOPamu.

BekTop M0OXHO YMHOKHTH Ha JII00yI0 cKaysipHyto ¢yHkuuto wim unuciao C . IIpu aToM Bce NpoeKLuu BEKTOpa yMHOXKa-
I0TCS Ha 3TO YMCIIO, OH HE MEHSET HalpaBJIeHHs, a ero J1uuHa Bo3pacTtaeT B C pas:

|cal=C,/aZ +a] +a7|.

Ho moxnO NEPEMHOKATL BEKTOPHI. CkaJsIpHBIM IIPOU3BEACHUEM JIIOOBIX JABYX BEKTOPOB a u b nHaseBaercs CKaJIsipHasi BEJIN4Yu-

Ca=iCay +]Ca, +kCa,

Ha, TIOJlyyaeMasi CyMMHPOBAHHEM NPOM3BEICHHIA IPOCKIIHiA BekTopoB: |a (b = (55) =ayb, +ayby +ab,

OIHOBPEMEHHO CKaISIPHOE MPOU3BEICHIE MOKHO BBIYHCIHUTE, 3Hast yroi 6 Mmexmy Bektopamu u ux Benmuuubl: |8 = abcosh)| .

Ecmmn PUPABHATH 3TU BBIPAKCHUS, MOXKHO OIIPEACIUTDL YIrOJl MEXKYy BEKTOpAMHM, 3Hasl X NPOCKIMHU HA OCH KOOPpAUHAT:

b a +ab +a,b,
COSG—— XbX Y~y Z

ab [a2 +a?+a2 Qb2 +b2+b?

Ilpumep: HalineM BeNUYHHY KOCHHYCA YIJIa MEXIY BEKTOpaMH & M D Ha pUCYHKe, 11 KOTOPBIX Ipoekiuu by =2 Mm;

aby+aby, 202+ 4[6‘3

\/ax +a? q/bx +b2 N22+ 42 Q) 2%+ (-

by =-3M;a,=2Mm; ay =4 wm . Torna coso = = -0, 496 (4a prCyHKE BUIIHO, YTO



9TOT yroja 0 = arccos{— 0, 49)3= 1192 tymoi).

3aoanus:

HaiiTy BelTMIHHBI YTI0B MexTy BektopamMu W n | ; du T; Cu U Ha pucyHke (MM M060ii IPyroii mapsl BEKTOPOB IO YKA3aHUIO
MPETIOIaBATEs).

2.2.4. BexmopHoe npou3seeoenie 08yX 8eKMOPO8 U €20 HanpaesieHue.

BekTopHbIM IIpou3BeIcHHEM JIFO0OBIX JABYX BEKTOPOB a u b nHaswBaercs BCKTOD, KOTOpLIfI BBIYUCJIACTCA KaK OIIpeaAC/In-

TeIh MATPHIIBI, Y KOTOPO#l MEPBYIO CTPOUKY COCTABISIFOT OPTHI | , j,K , BTOPYIO CTPOUKY — MIPOEKITMH IEPBOTO BEKTOPA, TPETHIO
CTPOYKY — IIPOCKIIMU BTOPOTo BeKTopa. Hamo mpocTo 3amoMHNUTE paBUIia BHIYUCICHUS TAKOW KOMOMHALIUY:

i ]k
[é,lﬂ =defay a, a,|= i—(aybZ - azby)+ T (azby —ayb, )+ IZ(abe - aybx) .
b b, b 8B 188, -{as],

UrtoObI HEe TyTaTh 0003HAYCHNS, BEKTOPHOE MIPON3BEACHUE IPHUHATO 0003HAYATh KBAIPATHBIMU CKOOKaMH, a CKaJIsIpHOE MIPOU3BE-

JACHHUC — KPYTJIbIMU CKOOKaMHU. MHO)KI/ITCJ'H/I, CTOALIKUE IPU OPTaAX i , j7, k 6yﬂyT COOTBETCTBYIOIIUMMU MIPOCKIUAMN BEKTOPHOI'O

MIPOU3BEICHUS Ha OCH KOOPIMHAT.
3aMeTHM, 4TO NpH U3MEHEHNH TOPSIKA BEKTOPOB CKAISIPHOE MPOU3BECHNE HE U3MEHSETCS, & BEKTOPHOE IPOU3BEICHIE

MEHSIET 3HAK: (é m—)) = (5 [ﬁ) ; [3,5] = —[5,3] .

Bennumaa (MOIyib) BEKTOPHOTO MPOU3BEICHNUS BEIPAKACTCS Uepe3 BEIMUUHBI BEKTOPOB U CHHYC yriia 6 Mexmy HUMM:

‘[é, b}‘ =absind|. KocuHyc 3TOT0 %€ yriia BBIpaXKalcs 4epe3 CKAISIPHOE POU3BEACHHE BEKTOPOB.

BexropHoe mpousseneHue [é’t, b} —3TO BEKTOP, HANPABJICHHBIN MEPIEeHIUKYSIPHO BekTopaM da u b . Hampasnenue

9TOr'0 BEKTOpa MOXKHO ONPECACIUTh ABYMS IIPOCThIMU IIPABUIIAMMU.:

BexropHOe mpou3BeneHne [é, b} —3TO0 BEKTOP, HATIPABJICHHBIN MIEPIICHANKYISIPHO BekTopam & u b . Hampasienne

9TOTO BEKTOPA MOKHO OTIPENICIIUTH IBYMS MIPOCTHIMH ITPaBHIIAMHU:

1) npaBuiio “BuHTA” — BUHT CTABUTCS B KOHEIl BTOPOTO BekTopa b u Bpamaercs no Ha- a a
NIPaBJICHHUIO NIEPBOT0 BeKTopa & . BuHT Oyner mim 3akpy4nBaThCsl, WIN BHIKPYYUBATHCS. <ﬁ — =
Hamnpasnenue npmkeHus! BUHTA COBIAJAaeT C HAIIPABJICHHEM BEKTOPaA; > Z

2) mpaBuiio “NeBo pyku” — YETHIPE MaNbla JICBOH PyKU HANPABISIOT BAOJb IIEPBOrO b \L Fi “b’] i’ a Z]

N ’ )

BEKTOpa a, BTOpOU BEKTOp D BXOIHT B JaJ0Hb. BOJIBIION Mael moKa3pBaeT HApaB-

JICHUE BEKTOPa [é, 5} (cM. pUCYHOK).

Ipumep: HaliieM BEIMYMHY BEKTOPHOTO NPOU3BEAECHHS U CHHYC yIila MEX/y BEKTopaMu a W b Ha puUCyHKe, U KOTO-
pbIx npoekuu b, =2 Mm; by =-3M; ay=2Mm,; ay = 4wm . Takkak a, =b, =0, To U3 NPUBEACHHOH BBILIC (HOPMYIIBI

[é, B] =k (axby - aybx) = IZ(Z [ﬂ—3) - 4[2) = — 14 . Kak U CIIe10BAIIO O3KHATH, STOT BEKTOP HAaIpaBJeH NPOTUB OCH Z, MEPIICHIU-

KyJSPHO BeKTOpaM a u b, nexarum B miockocTr Xy. Ero Benmunna ‘[é, 5]‘ =14m°.

[a8] 14
Va2 +afqfozen? 22+ 422+ (-3

sin’@+ cof 0= (O,8683+(— 0,498 =

sin@ =

=0,868. Ecnu yuecTs pe3ysbTar NpeablayIero NpuMepa, To

3aoanus:
Haiiti BekTOpHBIe mpon3seeHus BekTopos W u | ; du t; € u U Ha pucynke. HaiiTi CHHYCBI YITIOB MEX/Iy STUMH BEKTOPAMH.
(nmu J1E0GO# IPYTOM aphl BEKTOPOB M0 YKA3aHHUIO TPEOIaBaTelIs)

3ansrue 2. Tema: MaTteMaTH4yecKuii annapart (pM3MKH. NPOU3BOAHbIE B (Ppu3NKe,
NPOM3BOJAHBIE OT YJIEMEHTAPHBIX QyHKIMI

2.3. Buiuucnenue npouze00HbIX 0m QyHKYUI.
2.3.1. Onpeoenenue npouzsoouwvix. IIpouzgoouvie om KOOPOUHAMbL U CKOPOCHIU.



2.3.2. [Ipou3600Hble 0Om 21eMEHMAPHBIX DYHKYUL.

PaCCMOTpI/IM JBMKEHHE YacTHULbI BAOJIb OCH X. Ecnm ona JABUIKETCSA paBHOMEPHO C

MIOCTOSIHHOM CKOPOCTBIO (X = th) , TO TpavK 3aBUCUMOCTH KOOPJAWHATHI X OT BpeMEHH t —
Xo =X  AX
22 -2 Ho uro ne-
th-t; At

J1aTh, €CJIU TOT IpaMK — KpUBast JMHUA M CKOPOCTh Vy MEHSETCs CO BpeMEeHeM?

npsaMmas JMHusA, a CKOPOCTb MOKHO BBIYHCIIUTD I10 Q)opMyne VX =

3a oueHb Manoe Bpems At yacTHIla CMEmaeTcss Ha OYCHb Mayioe pacctosiHue AX , HO
rpaduK 3aBUCHMOCTH X OT t 3a Takoe BpeMs IPaKTUUECKH HE OTINYAETCS OT MPSIMOI, KaK IMOKa3aHO Ha pucyHKe. [loaToMy MOXKHO

. AX .
HOPUMEHHTE (HOPMYIy PAaBHOMEPHOTO IBIDKEeHHs: V, = lim (E . Takoe BeIpaykeHHE Ha3bIBaETCs MPOM3BOAHOW (QyHKIMU X(t)
At -0

o epeMeHHoH t . beckoreyHo Manmbie u3MeHeHus BennunH AX n At HaswpiBaroTcs auddepenimanamu BenuauH X u t .

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

TouHO Tak e OmpeaeNseTcss MPOU3BOAHAs JII000H QyHKImMu Y = f (X) nepe- y

MeHHOM X . [Ipon3BoAHYI0 0003HAYAIOT INITPUXOM, YKa3biBas BHU3Y (MHIEKCOM) Tepe-

N N kacaTtenbHast
MEHHYIO, 110 KOTOopo# Oepetcs mpousBonHas. Ho B ¢u3myeckux 3amavax e€ iydie 000-
,_dy . Ay
3Ha4YaTh Kak OTHOIICHHE TU( HepeHINAIIOB: Yy '=—= lim —|.
dx_ Ax-0AX

U3 PUCYHKa BUACH TEOMETPUYCCKUN CMBICII IIPOU3BOIHOM:

Yy '—3TO TaHT'€HC yIJa MEKAY KacaTelIbHOU K TpaduKy QyHKIUH Y = y(x) 1 OCBIO

X B TOH TOYKE, B KOTOPOM BBIUUCIISAETCS MPOU3BOIHAS. |

MoOXHO BBIYHCIHUTH MOPOU3BOAHYIO OT Hp0H3B0,HHOﬁ. HanpnMep, BbIYUCJIIUTL MPOU3BOJAHYIO OT HOJ'Iy‘IeHHOﬁ (byHKIlI/II/I

At-0\ At dt

HOBTOpHLIe MPOU3BOAHBIC TPUHATO 0003Ha4aThH HBOﬁHLIMH HITpUXaMu UK CICAYOIIUM 0003HAaYECHHEM B LlH(i)(i)epeHHI/IaﬂaX:

N d(dy/dx) _d2y
= v =2 2=

Yy 1m0 mepeMeHHOW X WM ‘I3 Ba UTPEK MO I3 UKC JBAXIBI).

i . Av, ) _dvy
CKOPOCTH. ax = |lim | —= |=—= . 0310 — YCKOPCHUEC YaCTHULIBI.

(‘-II/ITa}OT 9Ty MAaTEMAaTUYECKYIO 3aIlIMCh TaK: IPOU3BOAHAA BTOPOIro Mopsiika oT (l)yﬂl(l.lﬂﬂ

IIpou3BoAHBIE OT MPOCTHIX (YHKIMHA MOXKHO HE BBIUYHCISITH, @ MCIOJIb30BATh MX BBHIPAKEHHS U3 CIEIYIOUICH TaOIULIbI
(Bcromy O = CONSt—00ast MOCTOSIHHASA BeJIMUHHA, Koraa O =1 ¢yHKImH GyayT 2IeMEHTapHBIMA):

DyHKIUSA [TpousBoaHast GpyHKIUH DyHKIUSA [TpousBosHast GyHKIMH
y = a = const y'=(cons) = @ y =tg(ox) : . a
=(tglax))'=————
v'=(tg(@x)) cog (ax)
e N B A e
sin™ (X
y:eax Eexp(ax) y':(eax)'zdeax y:arcsir(cxx) y':(arcsir(qx)) = a
1—(0(x)2
y:O(X y':(ax)':qxlnu y:arccos{ax) y':(arccoiax)) ‘:——G
1—(0(x)2
= 1 = t
y n(dX) y':(|n(ux))':_ y=arc g(C(X) y':(arctg(O(X)) =9 >
X 1+ (ax)
y =sin(ox) y'=(sin(ax))'=a cofax) | y=arcctgax) y'=(arcctgax)) = - a
1+(ax)?
y = cos{ax) y'=(cos(ax)) ‘= -a sir{ax)

CrelyeT NOMHUTH MIPOCTHIE TIPABUIIA;
1) HpI/I BBIYHUCJIICHHUN HpOI/I?)BOZ[HOﬁ oT q)yHKHI/H/I, yMHO)KeHHOﬁ Ha KOHCTaHTy, KOHCTAHTaA BBIHOCHUTCA 34 3HAK HpOI/I?)BO[['
d(ay(x)) _ ay

HOIf: (ay(x))'=ay| wm — o T
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2) MMpou3BoHas OT CyMMbI WX PA3HOCTU [ABYX HUJIKM HCCKOJBKUX q)yHKIII/Iﬁ paBHa CyMMC WJIH PA3HOCTU HX IMPOU3BOA-

HBIX: (v (X) 2 y2(x)£..) = (ya(%)) ¥ (y2(x)) % ...

3aoanus:
1) KoopauHaTa TOYKH, JBIKYIIEHCS 10 IPSIMOM JIMHUH, MEHSIETCS CO BpEMEHEM t 110 3aKOHY

x=16°-g*+ &%~ 242+ 20+ 20, rzex ut U3MEPSIIOTCS B METPAxX U CEKyHJaX COOTBETCTBEHHO. BhIuuciss npous3BoaHy!o,
HaTH 3HAYCHUE IPOEKINH CKOPOCTH V, ITOH ToukH (B M/C) B MOMEHT Bpemenu t = 1c.

Ortger: 38m/c.
2) KoopanHaTa TOYKH, JBHXKYIICHCS IO MPSAMOM JIMHUH, MEHSCTCS CO BpeMeHeM t 1o 3aKoHy X = 2 Cos(t) + 3Sir(t) ,Taex mt
H3MEPSIOTCS B METPaxX M CEKyHAaX COOTBETCTBEHHO. BBIUMCIISIA MPON3BOIHYIO, HANTH 3HAYEHNE TIPOCKIIMH CKOPOCTH V, 3TOH

To4KH (B M/C) B MOMEHT BpemeHu t = 1c.
Ortser: -0,062m/c.

3) OyHKIMS Y 3aBHCUT OT IEPEMEHHOH X MO 3aKOHY Y = 2 eXp( X) — 3tgx+ 4InX. HaiiTu 3HaueHHe POU3BOAHOMN ITOH (YHKIIHH

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

3anstue 3. Tema: MaTtemaTH4eckuii annapat (pu3MKu: NPOU3BOAHbIE OT CJI0KHBIX (PYHKIHUI
U MPaBWJIA UX BbIYMCJIEHHS, IKCTPEeMYM (PYHKIIHI

2.3.3. Ycnosus saxkempemyma @yuxyuii

[IpoBeneM HECKOJIBKO KacaTelbHBIX K rpaduKy QYHKIMHA Y = y(x) (Ha pucyHke oHH

00603HaYEHBI MTPUXOBBIMH JTHHUSIMH). B Toukax, rme QyHKIUS Y PacTeT ¢ POCTOM MEpeMEH-
HO#l X, YroJl Hak/OHa KacaTenbHo# k ocu X Menpme 90° u npomssojHas Yy '=tga >0, as

TeX TOYKax, rjae GyHKIUs Y yOBIBAaeT C POCTOM NEPEMEHHOH X (C( '>9(° ) , €€ Mpou3BOIHAS

Yy '=tga'< 0. T.e. c HOMOIIbIO IPOU3BOAHOM MOXKHO aHAIU3UPOBATH [IOBEICHUE (HYHKIIUHU:

€CJIM TIPOU3BOHAS MTOJIOKUTEIBbHA, TO B 3TOM TOYKE (PYHKIUS BO3PACTACT, a €CJIM OTPHULATENIFHA — TO YOBIBACT C POCTOM
[IepeMEHHOM.

Touku, rae GpyHKIUS JTOCTUTAET MAKCUMAJIHLHOTO MIIM MUHIMAJIBHOTO 3HAUYEHUs Ha3BIBAIOTCS TOUKaMH dKcTpeMyma. Kak
BHIHO M3 PUCYHKA, B 3TUX TOYKAX yrojl HAKJIOHA KAacaTeIbHBIX K OCH X paBeH HYIIO U MPOU3BOAHAS (YHKIHH TOXE PaBHA HYJIIO!
y'=tg0® = 0.

VenoueM arcTpemyMa GyHKIHH (€€ MAKCHMATBHOTO MIIM MAUHUMAJIBHOTO 3HAYCHHsT) OyIeT paBEHCTBO HYITIO

. .. d
e€ MPOU3BOIHOMA:. &Y =0, rue Xy — TO4Ka SKCTpeMyMa
Xix = Xm

C 1OMOI1IBIO TIPOU3BOTHOM MOYKHO TAaKXKE OIIPEAEIUTh Kakoil OyaeT BearMyrHa QYHKIMN B TOUKE SKCTpemyMma. [iist aToro
B OTOW TOYKE HAJ0 BBIYUCIHUTH BTOPYIO IIPOU3BOJIHYIO OT UCCIEAYeMOM (DyHKIIHH:

d2y dzy
ecm — <0, 10 X —TOuKa MakcuMyMa QyHKIMU, €CIU — >0, T0 Xy — TOuKka MUHUMYMa (YHKIUH.
dx X=X dx X=X
~m ~m

Ipumep: BBIMUCINTS MUHIMAIBHOE H MAKCHMalbHOE 3HaueHne QyHKumn Y = X° —3x% — 9X B oGmactn —1,2< X< 3,2.

dy d(x3) d(xz) d(x) _ .2
W3 ycinoBus 9KCTpeMyMa —— = -3 -9 = 3X“ — 6x— 9= (. Perrenue 3TOro KBaApaTHIHOTO YPaBHEHHUS
dx dx dx dx

— TOYKH 9KCTPEMyMa Xm1 =3 U Xy = —1. Bropas nmponsBoaHas OT BEIYUCICHHOH (YHKIMHU NEPBOH NPOM3BOIHOM

2 2
d%y = i(ﬂj = i(3X2 - 6x— 9) = & — 6. Ona paBHa d7y =6[B—- 6= 12> ( (ycioBHe MUHMMYyMa) B TOYKE
dx?  dxldx/) dx dx? o

=Xm1

X = Xm1 = 3, Tae uccuenyeMas GyHKIUS UMEST MUHUMAaJIbHOE 3HAYCHUE Ypin = XmlS - 3)(,“12 =% =-27. 1

d 2
—;/ =6 [ﬂ—l) - 6=-12< C (ycioBue MakCUMyMa) B TOUKE X = Xy» = —1, rae ucciemyemast pyHKIMSI IMEET MaKCHMaJIb-
dx

X=Xm2

HOE 3HAYCHUE Yoy = Xno — Xy 5 — My = +5.
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3aoanus:

1) BBIYMC/INTS MHHHMAIIBHOE U MaKCHMauIbHOE 3HaueHue GyHkuun Y = 3X° — 3x? — 3 B o6nactn —0,5< X< 1,5.
Ortger: -3; 0,556.

2.3.4. [Ipasuna eviyucienus npou3soOHbIX OM NPOU3BEOCHUS ULU HACMHO020 08YX Gyukyuil. [lpumepvl u3 Kunemamuxu
NPAMONIUHEUHO20 OBUHNCEHUS.

Yacto mpOW3BOAHYIO MPUXOIUTCS BBIYUCIATH OT NMPOW3BEICHHUS WM OT YacTHOTO IBYX WM Oojee QpyHKmil. B aToMm
CiIydae HaJ0 MOJH30BATHCS CICIYIOIINMHE ITPABHIIAMH.

dx dx dx
YMHOKEHHAs Ha ITPOM3BOIHYIO BTOPOM (QYHKIMH, IUIIOC BTOPas (PYHKIUSA, YMHOXKEHHAs T1a IIPOU3BOIHYIO IIEPBOA);

df . dg

f(x) [fj.zg(f)'—f(g)' d[ijzgdx_fdx

1) npousBonHas ot npousseneHus f (X) I:g(x) paBHa |( fg)' =f (g)'+ g( f )| W (mepBasi pyHKIHS,

— WITH (3HaMeHaTeNb, YMHOKCHHBIH

2) Opou3BOHAS OT YACTHOTO paBHa > — >

9(x) 9 g dx g g
Ha MPOU3BOHYIO YHUCIHTENS], MUHYC YHCIHTEIb, YMHOKCHHBIH Ha MPOM3BOJHYIO 3HAMEHATENSA, U BCE JCIICHHOE Ha KBAapaT 3HA-
MEHATeJst).

Ipumep 1: kOOpAMHATA TOYKH, TBIKYILCHCS IO MPSIMOM JIMHUM, MEHSCTCSI CO BpEMEHEM I 10 3aKOHY
L .
X= (4’[2 - 3{) ESln(th ,TAe x nut u3MepsIoTCa B METPaxX M CEKyHaX COOTBETCTBeHHO. HallTn 3HayeHne NpoeKLuy CKOpoCTu V,

9TOM TOUKH (B M/C) B MOMEHT BpeMeHu t = 2c¢.
ITpon3BOAHYIO MOYKHO BBIYHCIATE TI0 JFOOOH MEpEeMEHHOM COTIIACHO 3allMCaHHBIM IMpaBwiaM. Hamo TOIbKO BMECTO Tie-

dx
PEMEHHOI X B JaHHOM IIPHMEPE UCIONb30BaTh nepeMeHHyro t. Tak kak Vv, = E , TO I10 IIPaBUJy BBIYMCIICHUS IPOU3BOLHOU OT

npousBefeHus QyHKIUN V, :(4'[2—3[) [—Ig—t[sin(%[tjj+ Sil{gtj%( - 3):( - t%EE C({S%tj+ S(H[A[rtj[@ 412 ).Ho-

ciie moAcTaHoBKy t = 2 momywaem V, =13 m/C.

3ameuanue: BO BCEX 3aNaHMSIX apTyMEHTaMH TPUTOHOMETPHUYECKHX (YHKIHMH OyIyT YIIIBI, BEIpaKCHHBIE B pa-
AMAHaX, YTO HAJO YYUTHIBATH MIPH UCIIOIE30BAaHIH KaIbKYISATOPOB!

_ %2
lpumep 2: xoop/MHATA TOUKH, ABHKYIICHCS 1O NPSMON JIMHUH, MCHSICTCS CO BpEMEHEM T 110 3aKOHY X = ——, Ie x

Ut U3MepSIOTCS B METPax U CEKYHIaX COOTBETCTBEHHO. BbIUMCIIsis IPOU3BOAHYIO, HAliTH 3HAYCHHUE MIPOCKLINH CKOPOCTH V, 3TOMH
TOYKHU (B M/C) B MOMEHT BpemeHH t = 2c.
Bocmosp3yeMcest IpaBHIOM BBIYHCICHUS IPOM3BOIHOM OT 4aCTHOTO:
_ %2 _ 32\ _ 2 2 2 2
a_d(s-22) (-G (- 2)-(3 )5 (2 ) _(o-a7)-2m)-(5 2319

dt

X:E_a a2 = (2_32)2 = (2_ 32)2 . Ilocne moncra-

HOBKH t =2 momywaem v, =0,2m/C.

3aoanus:

1) KoopauHara TOYKH, ABMKYLICHCS IO OPSIMOW TMHUU, MCHSCTCSI CO BpEMeHeM t 1o 3aKoHy X = 5 ..taex ut usme-
A°-2+3

PAKOTCA B METpAaxX U CEKYyHAAaX COOTBETCTBCHHO. Brruucss MMPOU3BOAHY1O, HaNTU 3HAUCHHE MMPOCKIUN CKOPOCTU VX 9TOH TOYKH

(B M/c) B MoMeHT Bpemenu t = 2c.
Otser: 0,099Mm/c.

2Cexp(t)
3t+1

IOTCA B MCTPaX U CCKYHAaX COOTBETCTBCHHO. Brruuncss MMPOU3BOAHYIO, HaWTH 3HAUCHHE IMMPOCKIUN CKOPOCTU VX 9TOH TOYKH (B

2) KoopanHaTa TOYKH, IBIXKYIICHCS TI0 PAMOM JINHAM, MEHSETCS CO BpeMeHeM t 110 3aKoHy X = ,Toe x ut mwmeps-

M/c) B MomeHT BpeMenu t = 1¢. OTBET OKPYIIIUTD 0 TPEX 3HAYAIIUX HUDD.
Ortset: 1,36Mm/c.

3) KoopanuaTa TOUKH, ABMKYIIEHCS IO TIPSIMOM JIMHUH, MEHSACTCSI CO BpeMeHeM t 1Mo 3aKoHy X = ,TIe x ul m3MepsroTcs B

tg(t)

METpax M CeKyHIaX COOTBETCTBCHHO. BBIUMCISS POU3BOIHYIO, HAIITH 3HAUCHHE MPOCKIUH CKOPOCTH V, 9TOH ToukH (B M/C) B
MoMeHT BpeMeHu t = 1 ¢. OTBeT OKpPYIIIATH A0 TPeX 3HAYanux mudp.
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Ortser: 11,7wm/c.

2.3.5. Buiuucnenue npouzeo0notl om cioxcuou gynxyuu. Ilpumepo.

Jo cux mop BBIYUCISINCH IPOM3BOIHBIC OT mpocTeiimux (anemMeHTapHbix) GyHkuuid. Ho uccnenyemast GyHKIUS MOXKET

ObITh criokHOH (QyHkuus f , 3aBucsimas ot npyroit dyskuun g): y= f (g (X)) . B aTOM cnydae nonp3yemcs ciaeayromuM npa-

BWJIOM: 0003HayaeM BTOPYIO (QyHKIHIO-apI'yMEHT HOBOH IIepeMEHHOM, HanpuMep J (X) = z. Toraa npou3BoJHas CIOXKHOU

d (f(g(x)))zdf(z)gd_zzdf(zﬂ Ddg(x) '

¢dbyHKIIMY OyAeT MpOou3BeIeHUEM MTPOU3BOJHBIX OT JBYX MPOCTHIX QYHKIWH: |—
dz dx dz dx

003

3ameThTe, Kak IMPOCTO BBIBOAUTCS dTa GOPMYIIa, €CIU 3aMUCBIBATh MMPOU3BOIHYIO Uepe3 auddepeHiinansl, KoTopblie ObU 100aB-
JICHBI U B YHCJIUTENE, U B 3HaMeHaTene!

1

X% +q?

TIpumep 1. BBIYUCITUTH POU3BOAHYIO GyHKIHH f (X) =

3Ty (byHKLII/IIO MOHO MPEACTABUTh KaK f (Z) = Z_]’/z, rae 2= X2 ta 2 . TOF,Ha B COOTBETCTBUU C 3allMCAHHBIM IIpaBU-

HOMi:wﬁz—lz_mﬂwz——l(xzia2)_3/2[2)(_ X

- 32
dx dz dx 2 dx 2 (x2 tcxz) /

Ilpumep 2: BEIYUCITUTH MPOU3BOAHYIO QyHKIHH f (X) = Sin( exr( X)) B Touke X=1.

df _ d(sinz) Dd (exp(x))

CoriacHO NPaBUITy BBIYHCIICHHS TIPOU3BOJHOM OT CIIOKHOW (YHKIIMN ™ = r r
X y4 X

,rae z=exp(x). Io-

=-2,48.

x=1

ITOMY % =cosz bep( X) = Coé exﬁ)()) d e)(p() . ITocne nmoacranoBku X =1 momydaem %

Ipumep 3. BBIYUCIUTH IPOU3BOAHYIO GyHKIMK f (X) =In (Sin(x2 - 2)() + X3) B TOuke X=1.

CoriacHO MpaBwiTy BEIYHCICHUS IPOU3BOTHON OT CIIOXKHON (QYHKITUI

d(sin X% - 2 +x3) d(sinu) d(x®-2x) d(x®
a _dinzg ( ) _dinz g d( )D( )+ ( ) , T u:x2—2x;z:sin(x2—2x)+x3.
dx dz dx dz du dx dx
Hcnons3ys MpON3BOIHEIE SIEMEHTAPHEIX (DYHKIHMI, IPUBEICHHEIE B TAONHUIE, HAXOIUM
a1 ) 1 , df
D = Zifcosutf - A+ X =—[@ cob®- 2| 2- >é),qTo;[aeT d 218,02,
dx ZE@ { 3 ) sin(x2—2x)+x3 é )[ﬂ P dX|y=1
3aoanus:

2
o o Tt
1) KoopauHaTa TOYKH, JBIKYIIEHCS IO MPSIMO¥ JIMHUU, MEHSIETCS CO BpeMeHeM t 1Mo 3aKoHy X = (2t + 1) [ﬁ CO{ZtD ,rnex nt

U3MEPAIOTCS B METPAX U CEKYHJIaX COOTBETCTBEHHO. BBIUMCIISIA NPOU3BOIHYIO, HANTH 3HAUE€HUE NPOEKIIUH CKOPOCTH V, 3TOH

Touku (B M/c) B MOMeHT Bpemenu t = 1 ¢. OTBET OKpYIIIUTH JI0 TPEX 3HAYAIIUX HHD.
Ortser. —1,36M/c.

2) Boraucauts npousBoAnyoo Gyukiuu f (X) = sin( In(x)) B Touke X=1.
Otget: 1.
3) Beruucauts npousBoAnyoo Gyukiuu f (X) =In (In (X)) B TOUKE X=2.

Ortser: 0,721.
4) Haxomsch Ha paccrostauu h = 90M 0T npsMOro ydyacrtka mocce, 4ejIOBEK YBUJIEN Ha HEKOTOPOM y/a-
JICHUH TaKCH, MPUOIIKAIOIIEEC K HEMY IO [IOCCE CO CKOPOCThIO Vi= 46,8km/uac. UenoBek OeKHUT CO
CKOpOCThIO Vo= 18kM/uac B Takyio Touky C Ha 1mI0CCE, B KOTOPOM OH OKAXETCS ¢ MAKCHMAJIbHBIM OTle- h -
PEeXEHHEM IO BPEMEHHU 10 OTHOIICHUIO K TakcH. CKOJIBKO CeKyHI OyeT Oexarh uenoBek A0 Touku C? V/v

Otser: 19,5 C B
5) CrioprcMeH-0pueHTHPOBIIHUK 10KeH 6eKaTh U3 YHKTa A, HAXOJAIIErocs Ha MPAMOM achalbTH- A
POBAaHHOM IIIOCCE, B MYHKT B, pacnonoKeHHbIN MOCPEIH ECYAHOTO TOJIS HA PACCTOSHUN @ = 3KM OT = =c
mocce. Ckopocth Gera criopTecMeHa 1o mocce Vo= 5wm/C, a o mosio Vo= 3 M/C. Paccrosiaue mo npsamoi
Mmexay nynkramu AB = 5kwm. [IpoGerast pacCToOsIHUE X 10 IIOCCE, CIIOPTCMEH CBOPAYMBAET B TIOJIE (CM. N
PHCYHOK). 3a KaKkO# HAUMEHBIINH TPOMEXKYTOK BPEMEHH OH MOXKET J00exkaTh U3 MyHKTa A B yHKT B? .

Ortset: 1600cex
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3ansnrtue 4. Tema: MaTteMaTH4ecKuii anmapat (pM3MKH. HHTErPaJIbI
U UX MCI0JIb30BaHUe B (PU3UKe; HHTErPAJIbI OT JJIEMEHTAPHbIX (PYHKIHI

2.4. Bviuucnenue unmezpanos.
2.4.1. Onpedenenue unmeepana Kaxk naowaou noo Kpueou epaguka. [lpumep Kunemamuku HEPAGHOMEPHO20 U
He PAGHOYCKOPEHHO20 OBUINCCHU.
2.4.2. [lepsoobpasnas ghynkyus u e€ npouzeo0Has.
2.4.3. [lousmue o neonpedeneHHom u onpeoeieHHoOM unmezspae.
2.4.4. Unmezpanvl om s1eMeHMapHuix QyHKyuil.

PaccmoTrpuM Temeps 00paTHyIO 3aa9y KHHEMATHKA: TI0 H3BECTHOMY 3aKOHY H3MEHe-
HUSI CKOPOCTH Vy (t) YaCTHUIIBI HaJI0 OTIPENICNIUTh MPOHACHHOE €10 paccTosiare X . Ecmu

Vy = CONSl, To 3aga4a pemaercs pocTo: X = V,t . Ho 4To nenats, ecii CKOPOCTb BCe BpeMs
MEHSIETCSI CO BpeMeHeM?

Pa300béM nHTEpBAN BpeMEHH Ha OYeHb MaJibie OTpe3ku oT t mo t+ At , 3a koTopsIe
CKOPOCTb YaCTHUIIBI MPAKTUYECKU HE YCTIEBACT U3MEHUTHCS U MOXKET CUMTATHCS IOCTOSTHHOM.

Toraa MOXHO UCHOJIB30BATh (POPMYITYy PABHOMEPHOIO ABHMKEHHA AX = Vy (t) At — yTb, KOTO- L Z; t,

PBIN IPOIAET YacTHIIa BIOJL ocH X 3a Bpemsi At . VI3 pucyHKa BUAHO, UTO 3TOT ITyTh paBeH
IUTOINAAH Y3CHBKOTO 3aIITPUXOBAHHOTO MPSMOYTOJIbHHUKA MO KprBoH rpaduka. CkiIansiBas BCE TaKUE 3JCMEHTApHBIC TyTH, Ha-
XOUM CyMMapHO€ NepeMEIIeHHE YacTUIBI 32 KOHeuHoe BpeMs 1) <t <t,. OHO paBHO mIOMIaAH MO

. X
rpaguKoM CKOPOCTH Vy (t) . Takas miomane wiu GyHkus X = lim ZAX Ha3bIBAIOT HHTETPAIIOM OT J)
At -0

t
GbyHKIUH Vy (t) 10 IepeMeHHOH { 1 0003HAYaIOT CHMBOJIOM HMHTETpaja . X = -[tlz Vy (t) dt.

1
!
Mzur OIpeac/InIn TEOMETPUYCCKUI CMBICI MHTETPAJIa OT I000H (byHKIII/II/I f (X) 10 IEPEMEHHOM MHTEr- X X

PHPOBAHMA X, KaK IUIOIIAAN 01 rpadukoM QyHKmu f (X) (3amTpuxoBaHa Ha PUCYHKE):

X2
j f ( X) dX = mwotaae noa rpaguKoM NOABIHTErpaNbHON QYHKIMH. DTa MIO0IA/Ib 3aBHCUT OT MPE/IE/IOB U3MEHEHHUS TIEPEMEHHON
X

HMHTETPUPOBAHUS X S X < Xp, HO3TOMY 3alMCaHHBIN BBIIIE HHTErPall HA3bIBAETCSI ONPEICICHHBIM.

I[HH OIIPEACIICHHOI'O0 MHTErpaia 00513aTeJIbHO YKa3bIBAKOTCS OIPEACTBI MHTCTPUPOBAHUS X1 U X5.

3amerumM, uro Gpyukmus f (X) MOJKET MIPUHUMATh OTPHUIATENbHBIE 3HaueHMs. [loaToMy

IUIOIA/Ib 3alITPUXOBAHHOM 001acTH S' MOJT OCKIO X ( f< O) HAJ0 B3SITh OTPULIATENBHOM, a 10~

IIa]1b 3AIITPUXOBAHHOM 00macTu S" HaI OChIO X ( f> 0) - IOJIOXKUTEIBHOU. Pe3ynbTat uHTerpupo-

X2
BaHUs 1)1 QYHKINH, 1300paKEHHON Ha PUCYHKE CIIeBa 3aIUIIETCS Kak '[ f (X) dx=S"-S',
X

PesynbraT HHTETpHpOBaHUS BCET/Ia BRIpAKAeTCa B BHIE HEKOTOPO QpyHKImn F (X) , KOTOPYIO Ha3bIBAIOT IepBOOOpa3-

HOU fl}yHK!!Heﬁ. BrruuciaeHHbBIN OHpe,HeHeHHLIﬁ HHTErpaJ 3alrcbiBaOT B BUAC PA3SHOCTU HepB006pa3HLIX q)yHKIII/Iﬁ JJIs1 KOHCYHO-

Xo _
r0 ¥ HAYAILHOTO 3HAYEHHS IEPEMEHHON MHTErPUPOBAHUSL: J. f(x)dx=F (X)|x—x2 =F (%) —F(x)| (o6parure BuuManue na
4

X1

OPUHATYIO (HOPMY 3aMUCH TPAHUL] HHTEIPUPOBAHHS TIEPEl BHIYMCICHUEM 3TOH Pa3HOCTH).
B ¢usmueckux n TeXHUUECKHX 3a7a4ax OOBIYHO BCTPEUAIOTCS ONPE/ICIICHHBIE HHTETPAIIBI, IIOCKOJIBKY HaJl0 HAWTH peliie-
HUE B ONPEAEIECHHBIH MOMEHT BPEMEHU UJIH IIPU ONIPEIEIEHHOM 3HAU€HUH APYroi NepeMEeHHOM.

X
Ho M0>kHO OCTaBUTH BepXHUI MpeIeNl HHTETPUPOBAHIS HEOIIPEACICHHBIM: j f (x) dx=F (x) -F (Xl) , T.€. HHTEpeCo-
X
BaThCs, KaKO# OyIeT momais o rpadpukomM GyHkoun f (X) JUTST TIOOOTO MHTEpBaJIa U3MEHEHHUs TIepeMeHHO X . Takoit uHTe-

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

J. f (X) dx=F (X) +const. [Ipenesnsl y HEONPeEICHHOTO HHTETpalla He yKa3biBatoTcsi. CpaBHUBAS 3aIIMCHU IBYX MHTEIPaJIOB BH-

UM, 4TO CONSt= -F (Xl) , KOHCTaHTa ONpeACIACTCA U3 Ha4aJIbHbIX YCHOBI/Iﬁ HUHTCTPUPOBAHUA (Sa[laHI/ICM HaYaJIbHON TOYKH Xl)'
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dF (x)
Cdx

Terpan):

MatemaTidaeckasi oneparist HHTETPUPOBaHMU 00paTHA ONepaIliy BEIYUCICHHS TPOU3BOIHOM, TOTOMY YTO IPOU3BOJ-
Hast OT IepBOOOPa3HO GYHKIIMK BCET/A PAaBHA MOABIHTErPATbHON QYHKIMH ((DYHKIUH, 1T KOTOPOH BBIUHCIISICTCS WH-

= f(X)|.

Warerpansl npocTefmmx (3MeMEHTapHbBIX) GYHKLUHA He HAJ0 BBIYUCIATH, KX MOXKHO HATH B CIPABOYHHKAX, U
OHU NPHUBEEHBI B CIIEAYIONUX TaOIHMLaX.
peneseHHbIe HHTErpas! (0 — 060 MoCTOsIHHBIA K03 duunent, C — moCTOsIHHAS HHTEIPUPOBAHHS)

Tabmuua 1. Heon

ITonsiaTErpaHHAS Heomnpenenennsiit uaterpan DOyHKUIMSL IIpowsBoaHas HyHKINH
GbyHKIUSA
=a =const _
y [adx=ax+C y=— | dx _tgf )+C,
COS2 (C(X) C052 ((;(x) a
x¢g+m; rre n=0,+1+ 2,...
= X0 - o+l 1 ctg(ax
y=x",a#-1 J'x“dx=x ‘C y=—sy J- dx  __ 9 )+C,
o+l sin (ax) sin? (ax) o
XZmM, tue n=0,x1+ 2,...
X — X
y=e —eXp(GX) J-eaXdX:e—‘l'C y= 1 J.Lzarcsir(x/q)+c
a? - x? Vo -x?
roe -0 <X<d.
— - X
y=a*, a>0ma=1 J‘quX=O‘_+C y=—"t X = infx+a? +x2|+C
|n o a2 + X2 c12 + X2
y== I%=In|x|+c y= ! [—=—==Ix+Vx?-a?|+C
X X2 —a? VX% -a?
TIae X2 > (X2
y =sin(ax) _ cos{ax) _ 1 dx 1 g{ j
sin(ax)dx=-———*~+C = ——— =—arct +C
-[ (o) a Y o +x? I0(2+x2 a a
y = cos{ax) sm(ax) _ 1 dx _ 1 Joa+x
+C = ———=—1In +C
ICOS(GX a Y o’ -x? I0(2—x2 20 ja-x
Tabnuna 2. OnpenesneHnslie nHTErpasbl (O — 000N MOCTOSHHBIA KO3()(DHLIUEHT)
IToxsiaTErpabHAS Heonpenenennsiit uarerpan DyHKUIMSL IIpowsBoaHas GyHKINH
byHKIISA
y =a = const %o 1 % dx X
_ == — 2
[ad=a(x-x) =7 -[74 =
1
X X
=x*, a#-1 2 oty otl y =sin(ax 2 cos(ax ) - cogax
y I xx = 22 al () Isin(ax) dx = [wa) 1oxe)
o+l a
X X
e™ = exp(ax e — g% y = cos{Ox *2 sin(ax, ) - sin(ax
Y= p(ax) I eXx=""¢ {9 I cos{ax)dx = () - sin(ax)
a a
X X

Tax ke, KaK ¥ TIpY BBIYUCIICHAN IPOU3BOAHOM, CIIEAYET MOMHUTH MPOCTHIE TIPaBHUIA;
1) npu BBIYKMCIICHUHM WHTETpana OT (yHKIHH, yMHO)KQHHOﬁ Ha KOHCTaHTY, KOHCTaHTa BBIHOCHTCS 3a 3HaK MHTErpaja:

Iaf

dan.

2) MHTErpaj OT CyMMBI WK PA3HOCTH ABYX WIIH HECKOJBKUX (YHKLHI paBHA CYMME MIJIM Pa3HOCTH MHTETPANIOB!

3aoanus:

I(fl(x)ifz( ES

Jobx= [ f(x) e [ £y

dx+..

1) Yactuia Hayalla CBO€ ABMKEHHUE BIOJIb OCH X U3 Hadala KOOpJMHAT, X NPOCKIMs €€ CKOPOCTH Ha OCh X 3aBUCHUT OT BPEMCHU

10 3aKOHY V (t) = At? - Bt®, rne 4 = 4M/C%, B = 5m/c®. Ha kakoe paccTosHHE OT Ha4alia KOOPAHHAT yAAINTCS YaCTHIA B MO-

MeHT BpemeHH t =1 c?

Ortser: 1,08M.

2) YacTria Hayaia CBOE JBHKEHHE BIOJb OCH X K3 Hayasla KOOPAUHAT, U IMPOEKIIHA €€ CKOPOCTH Ha OCh X 3aBHCUT OT BPEMEHHU
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[t t
IO 3aKOHY V (t) = ASIn(—j -B CO{—] ,Tne A = 2m/c, B = 3m/c, T =1 c. Haiiti KOOpIUHATY X YacCTHIBI B MOMEHT BpeMe-
T T

mu t=1c? OrtseT: -1,61M.
3) Beruuciauts uHTErpan ot pyHkuun Y =5expt X H 2sin& B mpenenax 0< x<1
Otsert: 2,99Mm.

3ansarue 5. Tema: MaTtemaTu4yecKuii annapart (pU3HMKN: HHTErPajbl U POU3BOIHbIE
OT BEKTOPHBIX QYHKIHI U MX NIPUMEHEHNE B KHHEMATHKeE

2.4.5. Hpaeuﬂa BbIUUCTIEHUA UHmMe2paloe Ont CIP10MHCHbIX d)yHKlﬂlL‘Z 3AMeHA NEePEMEHHbIX U Npasulo uHmecpupoearus no
uacmsm. HpuMepbl U3 KUHeMAamuKu.

J1J1s1 BBIYMCIICHUS] HHTETPAJIOB OT OoJiee CI0KHBIX (GYHKIMH HAJI0 IOMHUTD JIBa METOIA.
1) MeTon 3aMeHBI TIEpEMEHHBIX.

WuTterpupoBaHue CIOXKHBIX QYHKINNA MOXKHO YIIPOCTUTh U CBECTH K MHTErpajiaM OT NPOCThIX (QYHKIUHA, TPUBEICHHBIX B
TabnuIax, eciu CeNnaTh 3aMeHy nepeMeHHoit. O0liero peuenra 31eCh HET ¥ 3aMeHa MEPEMEHHOMN 3aBHCUT OT KOHKPETHOTO BHIA
MoABIHTETrpallbHOM GyHKIK. Ho ipu 3ameHe nuddepenimana moa 3HAaKOM HHTErpajia HaJo TOMHHTh, 9TO AuddepeHnnan GyHk-
1un (HOBO# MEPEMEHHO#) BHIUMCISIETCS C TIOMOIIBIO €€ MTPOU3BOIHOIA:

df (x)=(%jmx= fy Ceix

Ipumep 1. BoruncauTh uHTErpan oT GyHkuu f (X) =x3 exp( X4) B npefenax 0< x<1.

3. _d _1 (.4 L4
3ameuaeM, uto X dX v by dx =2 d(x™|. [HosToMy, enas 3aMeHy IepeMeHHOW Y = X~ I0J 3HAKOM HMHTErpaja u
X
3 1 Y2
BBIHOCS 3a 3HAK MHTErpajia MOCTOSHHBIA MHOKUTENL 1/4, momydnm I dx I exp( ) dx=:1 j ex;( y) dy . B mpenesrax
X X Y1

HMHTETPUPOBAHMSA TO3Ke HAJ0 CAEJATh 3aMEHY nepeMeHHoﬁ: V1= Xl4 =0, Yy, = X24 =1*=1. [Moxyuwiicst uHTErpal OT Mpo-

1
CTOM (h)YHKIIMH, KOTOPBIM HAXOIMM B TabJIHIIE: J- f dX = —jexp dy = eXp(]) eXF( () = 4,29¢.

0

Ipumep 2: BEIMUCTUTH HHTETPAN OT QyHKUUK f (X) = B mpenenax 2< X< 4.

xn* x
dx _d .

3ameuaeM, 4T0 — =d—(|n X) fdx =d (In x). IMosToMy, nenas 3aMeHy MeEpeMEeHHON Y =In X moj 3HaKOM HHTErpana u
X X

MOJICTABJISIsl HOBBIE Ipeesbl HHTerpupoBanust Yp =INx =IN2=0,693u y, =In X, =In4 =1, 38€, naxoanm

X2 X2 _4+1 Y=Y2
[ f(x)ax= jiﬁ_j(mx) d(Inx) = Iy ay=Y | =11 1l pge
| X -4+ 3 3 3
% n-’x Xq y=y, Y2 1
cos( X)

Ipumep 3: BEIMUCTUTH HHTETPAN OT QyHKUIUK f ( ) B mpenenax 0,5< x< 1.

sin (x)
d, . . . .
3ameuaem, yto COSX [dx = d_( sinx) [aix = d (' sirx) . Tlostomy, nenast 3aMeHy nepeMeHHOi Y =SINX M0 3HAKOM HHTe-
X

rpana U IOJCTABIIsIL HOBBIC NIPEAEIbl HHTEIPUPOBaHUi Yq =SinX; = sin0,5= 0,47'u Yy, =sinX, = sinl= 0,84 (aprymenTs! — B

X2 X2 X2 —2+1 y=Y2 1 1
pajManax), HaXoIuM '[ f(x)dx= '[ ——cosx[@x = '[(sinx) 2q ( sir) '[ y~ dy—y— =—-| —-—1,=0,899.
X X1 LD X1 y=y1 y2 yl

2) MeTtoa MHTErpUPOBaHHUS 110 YACTAM
Jpyroii none3Hslii METOA 3aKJIIOYAETCS B TOM, YTO IMOJBIHTEIPAJIbHOE BBIPaXKEHHE pa30MBAIOT Ha NpOU3BeAeHHE (YHK-

LUK u(x) muddepennnana dv(x) ,T.e. f (X) dx =u (X) Ed:iv(x) , I KOTOPBIX BCET/Ia MOKHO 3amucarh GopMyiy

Tu(x) dv(x) = u(x)V(X)Kzif —Tv(x)du(x) .

HpI/I 3TOM HOBBII HUHTETpaJl B npaBoﬁ YaCTU MHOT' A BBIMUCIACTCS HAMHOI'O IPOIIE, YEM UHTETrpal B JIEBO# 4acTH.
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Ipumep 1. BoruncanTh uaTErpan oT Gyukuu f (X) =x%Inx s npegenax 0< x<1.

8 8
Bribupaem U (X) =Inx, dV( X) =x'dx=d [%J , OTKyJ1a V(X) = % . Torxaa, cornacHo 3amucaHHOMY BBILIE ITPABHITY,
2 x=2 2 8 8 2 _
jf X) dx = j Inx Tax = Inx[@x8/8) J' X D% _2_| 2——J'x7dx:32ln2—1'gﬁ: 18,2
1 dv( ) =u(x) x=1 3 8 8 8 8
=v(x) =v(x) =du(x)
Ilpumep 2. BBIYUCINUTH UHTETPA OT QYHKIUN f COS(\/_ ) B npefenax 0< x<1.

llemaeM  3aMeHy  IEepeMEHHOW Y = JX. Torma  x= y2 n dx=d (y ) =2ydy. HoBblii wuHTErpa

y=1 1
. . =1 .
- P sigidy = 2 sinl 2cyj%:0 = (2 sinl cesi=1 0
y=0 0 =V =du
3ameuanue: IpOBEPUTH MOTYICHHBIE OTBETHI MOYKHO 3aIIIHYB B cripaBovHUK [ .b.JIBaiiT “TabiuIlel HHTETpaIoB U APyTHE
MaremaTtudeckue Gopmynsl” M.: “Hayka”, mo0oii rox uznanus, rae NpUBEACHBI pe3yIbTaThl HHTETPUPOBAHUS BCeX (YHKITUH.

.[cos(f)dx— ijljcosydy 20siy

=ulM

3aoanus:

1) BeruuciuTs momaas no kpusoit Gpynkuuu f(X) Ha uHTEpBane X < X< X, (3almITpUXOBaHA HAa PUCYHKE), €CIN
f(x) = x-sin(®),X; = 1, % = 2. Pe3y.IbTaT OKpYrIUTh A0 TPEX 3HAUAIMX LHDP.

Ortger: 0,597
2) Berauciuts uaTerpain ot dyukmun f(X) = cos(x)- sif(x) — sin(x), #a untepane 0< X < 1. Pe3yiprar OKpYriIHTb
10 TPEX 3Havanmx uudp.

Otger: — 0,375
3) Brruncnuth miomans nox kpuBoit ¢pynkiuu f(X) Ha uHTEpBane ¥ < X< X, (3alITpHXOBaHA HA PUCYHKE), ECIIH
f(X) = cos(x)-exp(sin(x)), %= 0, %=1. Pe3ynbTaT OKPYIJINTH IO TPEX 3HAYAIIUX LUDP.

Ortser: -1,32 faro o3HavaeT 3HaK “-"7?) X1 X,
X2

4) Vcrosip3yst METOI HHTETPUPOBAHUS 110 YaCTSIM, BHIYUCIUTD BEJMYMHY HHTETpaja J- f dx rae f(X) = (x+2)-exp(x); x=1,
X1

Xp = 2.Pe3ynpTaT OKpyrIIuTh 10 TPEX 3HAYAIUX IHdP.
Ortser: 16,7
X2
5) Ucnionb3yst METOT MHTETPUPOBAHHUS 10 YACTSIM, BEIYMCIIUTH BEIMYNHY HHTErpasia I f (X) dx,rme f (X) = \/; Gexp(—x) ;
X1

X1 = 0, % = 1. Pe3ynpTaT OKpyTAHUTh 10 TPEX 3HAYAINX MHDP.
Ortser: 0,632

2.5. BexmopHnuie ¢pynxyuu. Ilpouzeoonvie u unmezpaivi om 6ekmopuvix ynxyuti. [Ipumepsl u3 KunemMamuxu.

HpOI/ISBOL[HLIe 1 MHTErpajibl OT BEKTOPHBIX (l)yHKIII/Iﬁ BBIYUCJIAKOTCSA TaK K€, KaK U JI CKaJIAPHBIX (byHKIII/Iﬁ Hano Tonb-
KO pa3JjIOXUTh 000H BEKTOP Ha COCTABJIAIOLINEC (HpOCKIII/II/I) 1 BOCIOJIB30BATHCA MPAaBUJIOM BBIYUCIICHUS ITPONU3BOAHBIX U UHTC-

rpanoB st cymMMbl pyHknui. [Tycth é(t) =iay (t) + Tay (t) + lZaZ (t) . Torma

da(t) .dac(t) .day(t) _da,(t)
p =i " +] p +k p j t—|jax dt+1ja dt+kJ'aZ

3aoanus.
1) Yactrua Hayana cBOe JABMIKEHHE U3 Hayajla KOOPAMHAT, M €€ CKOPOCTh 3aBHCHUT OT BPEMEHH 110 3aKOHY

2
\Y; (t) =7 DAL + IEB(EJ ,tne A =3wmlc,B=4wmlc,T=1c¢, I, I — eIMHUYHBIE OPTHI B AEKapTOBOH cucTtemMe koopauHat. Ha ka-
T T

KO€ PacCTOSIHHUE OT HaJajia KOOPIHHAT YAAJUTCS 4aCTHIIAa B MOMEHT Bpemenu t =1 ¢?
Ortser: 2,01M.
2) YacTuna Hayasia CBOE JBH)KCHHE M3 TOUYKHU C KOOPIHHATAMH Xy =4 M, Y = Z; = 0 co CKOpOCTBIO, KOTOpast 3aBUCUT OT BpeMe-

a4
HHU 110 3aKOHY \7(t) =i DAL + IEB(EJ ,tne 4 = 2mlc,B=3wm/c, T=1c¢, 1, ], K —exunnumbie OpTHI B IEKapTOBOH cUCTEME
T T

KoopauHaT. HaliTh ynaneHne 4acTuilsl OT Hadayla KOOpJIUHAT B MOMEHT BpeMenu t =1 c.
Otget: 5 M.
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3ansTue 6. Tema: O6padoTKa IKCIEPUMEHTAIBHBIX JaHHBIX: [TorpemHocTh H3MEPUTETbHBIX
NpudopPoB, NOrPEMIHOCTH METO/Ia U3MEPEHUs, MOTPEIIHOCTh U3MePSeMbIX BeJINYNH

3. OFPABOTKA DKCIIEPUMEHTAJIbHbBIX JJAHHDIX.
3.1. Usmepenus 6 pusuueckom sxcnepumernme. O HeoOX00UMOU MOUYHOCHU U3MEPEHUT.

[pu m3mepeHud T000# BeTHMYMHBI HEOOXOOMMO OLEHMBATh OMIHKOKY (Io-

IPEIIHOCTD) pe3yabTata u3MepeHus. Hempss, Hanpumep, IPOCTO CKa3aTk, 9TO M3Me- ‘? |1 % ? A|' ? ? T Ef |9 101112

peHHas JuIMHa Kakoro-To npeaMera pasaa 10 cM. Ha pucyHke BUmHO, 4TO 3Ty JUIMHY O _9(_
HU3MEPSIIM Pa3HbIMM JIMHENKaMU C pa3HOM LIeHOM JeneHus mkansl. HuwkHss, Muiu-

MeTpOoBasl JHHEHKa maeT Oojee TOYHBIN pe3ynbTaT. BepXHss, rae AeleHHs IIKaIbl ( '9"
pa3MedeHBl B CAHTUMETPAX, U3MEPSIET HE TaK TOYHO, YTO BUIHO M3 PEATbHON pa3HO- 012 3456789101112
CTH JUIMH JBYX HU3MEpPEHHBIX NpeaMmeToB. IloaToMy /uiMHA, U3MepeHHas MO HUXKHEH

nHeiike 6yner pasHa 10,0cm. JIumnuit Honb HeceT nH(OpPMaNUIO 0 pe3ysbTate u3MepeHus. OH TOBOPUT O TOM, YTO M3MEPEHHMs
MPOU3BOAMIUCE ¢ TOUHOCTHIO 10 0,1cm (1 Mm). BepxHsis fuHelka U3MepseT TOJIbKO B CAHTUMETPAX.

Ho HwxHss nuHelika Toxe He ToyHa. [ 00paboTku neraneil, pe3pbOOBBIX COeIMHEHHMH, HaJ0 U3MEPSTh JUAMETPHI C
TOYHOCTBIO JI0 JI0JIel MUJUTUMETpa U MO3TOMY BCEra HaJo 3HATh C KAKOW TOYHOCTBHIO (HJIHM C KaKO# MOTPEeLIHOCTHIO) NPOBOIM-
JIOCh U3MEpEHHeE.

Oumbka (MOrperHoCcTs) U3MEPEHHUsI BCer1a paBHa MIOJOBHHE LICHBI JEJICHHS KTl U3MEPHTEILHOTO Nprbopa. |

st HwkHel nuHeliku Takas omubka paBHa Al =0,5MM U u3MepeHHYI0 JUIMHY CieAyeT 3anucarh (MM NOMHHTH) Kak
| =10,00+ 0,05M (urcio 3HAKOB MOCIE 3AMATON JOJKHO COBITANATD JJISI CKIIAABIBAEMBIX YHCEN). DTOT pe3yabTaT He O3HAYAET,

yro jumHa ToyHo paBHa 10,00 cMm, oHa ompenenena ¢ TouHocThio B 0,5 mMm. [l BepxHeW JMHEHKH pe3ysbTaT U3MEPEHUS

0,5cm
| =10,0£ 0,5¢cm , u oTHOCHTENBbHAS OITHOKA B M3MEPEHHH CPa3y JOCTHTaeT ———— 0 ———[100%= 5%. IIpu uzmepenun Oosee TOU-
,0cm

HOW HIDKHEH nTuHelKkoi, ona paBHa 0,5%.

Kakoii nomkHa OBITh TOYHOCTH H3MEPCHHS — 3aBHCUT OT IIEJIH, ISl KOTOPOH OHO MPOBOAMTCS. POCT YenoBeka HUKTO He
U3MepsieT B MHJUTUMETPaxX U JOCTATOYHO CAHTHMETPOBOM JIMHEHKH. Pe3500BbIC COeIMHEHNUS CONPATaroTcs ¢ TouHOCThIO B 0,01MM
U JIUISl UX U3MEPEHUS HE MOJIXOJUT aXKe MUIUTUMETPOBast TiuHeHKa. HyXHbI O0jiee TOYHBIC U3MEPHUTEIIbHBIC TIPUOOPEI.

3.2. Hsmepumenvhvie npubopsl. Jecamuunvle npucmasku K usmepsemvim geauyunam. [llxkanra usmepumenvroeo npubopa.
Onpedenenue yeHvl OefleHus WKAbL.

Bonee TouHoE wH3MepeHue
JUIMHBL TIPOM3BOJAT C IIOMOLIBIO
wranreHuupkyiast. [loxg munnmumer-
poBOii NHMHEHKOH 3TOro mpudopa
HaXOJMTCS LIKaja HOHMYCa, OOBIYHO
cocrosimast w3 10 nenenuii. M3zme-
PAEMBIN IPEIMET 3aKUMAIOT MEXIY
ryOKamu LITaHTCHIMPKYIS (eBas
¢dotorpadus). Camast kpaiHss je-
Basl pYCKa IIKaJIbl HOHUYCA ITOKa3bl-
BacT pasMep INpeaMeTra B MHJUIH-
Mmetpax. Ha ¢otorpadun cnpasa BUIHO, YTO OHA HAXOAUTCS MeXay 16-M u 17-M neneHneM MUJUTMMETPOBOH IIKAJb, T.€. pa3Mep
npenMeTa HaxoAuTes B npenenax ot 16 no 17 mm. [lanee Hafo HAWTH PUCKY HOHMYCA, KOTOPasi TOYHO COBIANAeT C PUCKOI MHUII-
JTMMeTpOoBOH MmiKajibl. Ha ¢otorpaduu BHIHO, 4TO 3TO YeTBEpTask 1O MOPSIKY PHCKA, KOTOPYIO OTACNSIOT OT JIEBOM KpaiiHel puc-
ku 3 nenenus. llena nenenus mkansl Hounyca — 0,1mM. [lostomy u3mepsiemslit pasmep pasen 16[1+ 310,1= 16,34m . Illtan-

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

0,1mm = 0.05mM . M_mcpomeflpmeclcml Crefem

aroro npudopa Al = co mcanofi

Emgé tounee naMepeHus AenaroT ¢ MOMOILBIO MUKpomeTpa. M3mepse-
MBI TIPEMET 3KUMAIOT MEX]y HEMOJABUKHOU MATKONH U MHUKPOMETPHYECKUM
BHUHTOM, KOTOPBIA MOXHO MEPEJBUraTh, Bpailas G6apaban ¢ HoHuycoM. bapa-
0aH cieAyeT Bpamath 3a CaMylo KpaiHIO JeTaib — TpemoTKy. Kak Toibko
MUKPOMETPHUUYECKHI BUHT JJOCTUTHET MIOBEPXHOCTH Telia, OapabaH HaYHET Mpo-
KPY4HBATHCS, YTOOBI HE CIKUMATh M HE 1e(POPMUPOBATH U3MEPSEMbIH MPEIMET,
a TpelioTKa 3arpemuT. Pa3mep mpeamera B MALIUMETPAX HaXOIAT MO ILIKAJe
Ha cTebie MuKpoMeTpa (Ha PUCYHKE BHIHO, YTO OTOT pasMep HaXOAWUTCSA B
npenenax ot 12 no 13 mm). Kpyrosas rmikana Honnyca pazouta Ha 50 neenwuii.
Llena oanoro nenenust HoHuyca — 0,01mm. [lenenne Ha HOHHYyCE, COBMAAAIO-
1iee ¢ JIMHUEH MUJUIMMETPOBOH IHIKaJIbl HA cTebje — 3TO J0OABOK B COTHIX IOJSIX MUILIMMeTpa. Ha pucyHKe BUAHO, YTO JIHHUS
HaxoauTest Mexay 37M 38 jeneHueM HOHMYCA, T.e. K 12 MM 1Mo MIIIUMETPOBO# 1Kkane Hajgo gobasuts 37[0,01= 0,37mm .
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Bbime MUIITMMETPOBOM IIKaIBI CIETIaHbl PUCKH, JEJISIINe KaKAbli MIUDTUMETp nonosiaMm. Ecian takas npoMexyTodHas pucka
BBIIIIE MIJJIMMETPOBOM IIKalbl BUIHA, TO K pe3yiabTaty nobasistor 0,5 MM, ecnu He BUaHA, TO He n00aBistoT. Ha pucyHke ona
BUJIHA, TTI03TOMY pa3mep usmepsiemoro npeamera 12+ 0,5+ 37J0,0F 12,8%m . Ha dororpadusx Huxe — He BUIHA U TUAMETP
n3mepsiemoro mapuka 16+ 0+ 2900,0F 16, 2%m .

Lena nenenust Honmyca 0,01 MM, mo3tomy rmo-

TPEIIHOCTh M3MEpEHHUS MHKpOMeTpa
Al =@ =0,005Mmm .

M3mepeHne BpeMEHH C IIOMOIIBIO CEKYHIHOM
CTPENIKM 9aCOB MMEET SBHO HEIOCTATOYHYIO TOUHOCTb. Jlist
IpuMepa — HEKTO pEIIWI H3MEPHUTh TIyOMHY KOJOALA,

cOpocuB B HET0 KaMeHb M M3MepHB BpeMs najenus. Io ero 4 x =16,29Mm
gacaM — 3TO BpeMsl paBHO 4 ¢, a BBIYMCIICHHAs TIyOMHA

ot?
h= > =80m . Ho morpemHocTs B M3MepeHUH BpEMEHHU

g(t+at)® g2
nazgenus no yacam At =1¢/2= 0,5 . Ilpusener k oumbke B u3mMepennn ryounsr Ah = — ——2 =20m (kpome TOTO,
IKCIEPUMEHTATOP MOXKET 3aCe4b HAYANO MAJCHIS KaAMHS C JOTOJIHUTEIFHON OUIHOKOH).
[TosTOoMy Bpems ciiefyeT U3MepsTh CIEIHAIBHBIME N3MEPUTENLHBIME pUOopaMu
— cekyHgoMmepamu. [IpocTelininii MexaHMYecKuil ceKyHJoMep NoKa3zaH Ha Qororpaduu
cnpaBa. ManeHbKasi CTpejKa BBEpXY IOKa3bIBaeT BpeMsl B CeKyHAax. boipmioit kpyr 60ub-
masi cTpeinika npoberaer 3a 1 Munyty. CekyHIHbIE AeIeHHs pa3aeieHbl Ha 5 0ojee MeJKux

JleTieHuii, TaK 4TO MOTPElHOCTh nanHoro mpubopa At =0,2¢ 2= 0,1 ¢ Bpewms, nokasbi-

BaeMoe cekyHmoMepom 22 MunyThl 21,4c.

Bonee TouHBIA cexyHIOMEp TOKa3aH Ha (OTO-
rpagun cnesa. MarneHbKasi CTpejKka BHH3Y IIOKa3bIBacT
BpeMsi B cekyHzaax. bonbmoi kpyr pasnmenen na 100 ne-
nenuit no 0,01c kaxnoe. Bpemsi, noka3siBaeMoe CeKyH-
nomepoMm 6,21 c. IlorpemHocTs JaHHOTO TpHOOpa
At=0,01¢ 2= 0,005 .

BumnmM, uro moboe m3MepeHne Haao MPOM3BOIUTH MPHOOPOM, NAIOMIAM HEOOXOIH-
MY TOYHOCTh. HO M3MepsieMble BEIMYMHBI MOTYT UMETh OYE€Hb Mayl0 WIH OYCHb OOJBIIYIO
BEJINYUHY B HCIIOJIL3YEMOM ISl pacueToB MexayHapoaHo# cucreme enunui; CU (nampumep,
nsmepsiembiid Tok paseH 0,0000024, a ckopocts ceera 30000000Qu/c).
YroO6bl moyuuTh pe3ynbrar B enuaniax CHU Hamo Bpems U3MEpATh B CEKYH/AAX, [NIUHY — B
METpax, MacCy — B KWJIOTpAMMax, CHJIy TOKa — B aMIIepax, HalpshKeHHe — B BOJIbTAX, TEMIIe-
parypy — B rpajaycax KenbBuna u T.11.
YroObl HE MHUCATh CIUIIKOM MHOTO HYJEW, 3TH BEJIMYMHBI HCIOJB3YIOT C MpUcTaBkamu. [IpominirocTpupyeM NpUMEHEHUE TPU-
CTaBOK JJI1 OJTHOM M3 OCHOBHBIX CJIMHUI] H3MEPCHHS — METpa!

ITpucraska nuka(MeTp) HaHO(MeTp) MHKpO(MeTp) MuLTH(METp) cantu(MeTp) neuu(Merp)
o603Ha4YeHHe | MM HM MKM MM cM M

BeInInHa 1om=102y | 1um=10%m | 1mxm=10% M | 1MmM=103nM | 1em=102 ™ | 1 M = 101 M
[Tpucraska tepa(meTp) rura(Merp) Mmera(MeTp) kuio(MeTp) rekto(MeTp) neka(merp)
obo3Hauenue | Tm I'm Mm KM ™ nam
BEMHHHA 1Tm =102 u 1TM=10m | 1Mm=10° m 1xmM=10° m 1rM=102u | Laam=10' m

Amnanoruydo 0003HaYaAOTCI U APYTUe €AUHUILIbI U3MEPCHUS. Ho CJICAYET NOMHUTB, YTO Ha an/I6ope 4acToO OHH 0003HAYEHBI HE B

OykBax pycckoro aixdasura: 1 mA = 1mMA =10 A - 1 vummmamnep; 1 pA = 1MxA =100 A - 1 Mukpoammep u T.II.

Jlatunckas OyxkBa M o6o3HaYaeT MPHUCTaBKY “MWIIIN’, a rpedeckas OykBa |l - IPUCTaBKY “MHKpO”. |




OOBIYHO TIPUCTABKY 0003HAYEHBI HA H3MEPUTEIHHOM npubdope. Hampumep, Ha pu-
CYHKe CIpaBa 1oKa3an MI/IJ'IJII/IaMl'[epMeTp, C NOMOUIBI0 KOTOPOTO MOXKHO M3MEPUTH TOK 10
5 MA (mpenen mikajel u3MepeHus). BuaHo, 4TO
mikajina npudopa paszaeneHa Ha 50 maneHbKHX Je-
nennii. Ilena kaxmoro nemenus 0,1 MA, a mo-
rpemHocTs u3Mepenus: npubopa Al =0,05MmA .

PerymmupoBouHsIid BUHT “B” BHHU3Y CITY’KUT IS yC-
TAHOBKH CTpenku mpubopa Ha O mpm oTcyTcTBHH
TOKA.

3aoanue 1. ompenennte TOTPEUTHOCTH
M3MEpPEeHNs] MUKpOaMIepMeTpa Ha puCyHKe O ciie-
Ba.

Ilpenenbl  U3MEPEHUs  ILIKAJIbI
npubopa MOXKHO U3MEHATH MOBO-
porom kiroua. Ha dororpaduu a)

clieBa TOKa3aH KIFOY aMIICpMeET-
pa, TO3BOJISIOUINIA YCTAHOBUTH
JTUara3oH U3MEPHUTEIBHOW IIKa-
b, pasgencnHoir Ha 100 mene-
HUH mbo paBHbiM 1 A, mubo

paBubiM 2 A. B mepBom cityuae it L
neHa feneHus mnpubopa paBHa | o T
1/100 = 0,01A, Bo Bropom — f| AMIEPMETP
2/100 = 0,02A. i 2 -

3adanue 2. onpenenwuTts IEHY
JIeNICHNs] W TOTPEIIHOCTh H3Me-
peHuit BoJIbTMETpA, MOKa3aHHOTO
Ha poTorpaduu 6) crpasa.

BOMLTMETP

5550

220 s33

3.3. Hozpewnocmu npubopos. Cucmemamuyeckue owuOKY 8 npoyecce usmepeHust.

Crnenmyer y4uTHIBaTh, YTO HH OJUH HNpHOOp He paboTaeT mieaabHO, Jake MPOCTas B M3TOTOBICHNWN JTHHeWKa. CpaBHUTE
MHJIIIMETPOBYIO KAy HECKOJBKUX KYIJICHHBIX B MarasuHe JHHEEK, U yOenIuTech, YTO HAHECEHHbIE Ha HUX JCICHUS XOTh He-
3HAYUTENBHO, HO Pa3IMYaroTCs, pa3ImdaroTcs JaKe pa3Mephl MeXIy pUCKaMH, HAHECEHHBIMH Ha OJHY JTHHEWKy. PaboTas ¢ Ta-
KHM TIpHOOPOM, MBI OyZeM IOJTydaTh HETOYHBIE PE3YIbTAThl Jake IPH WACaIbHO IMPOBeIeHHOM u3MepeHun. [lomo0HbIe morpen-
HOCTH, 3aBHCAIINE OT KOHKPETHOTO HETOYHO HACTPOCHHOTO MpHOOpa MIN HEYAAYHO BBIOPAHHON MpOUEIYpHl M3MEPEHHS Ha3bI-
BAaIOTCS] CHCTEMATUYECKAMHU.

Ilpumep: SKCTIEPUMEHTATOPY OBLIO JIEHh U3MEPSTH paccTosiHue h, mpoxoanMoe majaaro-

IIIAM IIAPUKOM, CTOSI, M OH JIEJIANl 3TO CHIS. B pesymbraTe BMECTO HCTHHHOTO paccTostHus h on - /T
KaXKIbIi pa3 M3Mepsul paccTosiare h' ¢ orpoMHOM CHCTEMAaTHYECKON OMIMOKOM, CBI3aHHOM C He- i h W
MIPaBUIIHHO BEIOPAHHOM MPOIEAYPOH N3MEpEHUi. <

WHorpma cucremaTtndeckas OmMOKa HE 3aBHCHT OT TOOPOCOBECTHOCTH AKCIEPUMEHTATO- S ~X
pa. DTo KacaeTcs, HalpuMep, IPOUEAYPHl U3MEPEHUSI KOPOTKUX MHTEPBAJIOB BPEMEHH JIIOOBIM, AN\ T
Jake CaMbIM TOYHBIM CeKyHIoMepoM. Du3monormueckas peakius 3ama3IblBaHAs Ha COOBITHE
(BKITFOUEHHS CeKyHIOMepa B HYXKHBIH MOMEHT) Y OTAEIbHBIX Jifofeit qocturaet 0,2+ 0,3 €x .

Yto nenaTh B TaKOM ciiydae? M3MepuTh CyMMy GOJBIIOrO YHCiIa OJAWHAKOBBIX BEIHYHH
U pa3JeuTh Ha UX YUCIIO.

Ipumep: ucTuHHBIA nepuo] KojebaHuil (Bpemsi oqHoro kosebanus) MastHuka paseH 1 = 0,8 c. UToObI U3MEPHUTH €ro
JIOCTaTOYHO TOYHO IOMOLIBIO JaXke OOBIYHBIX HapyYHBIX YaCOB C CEKYHJIHOH CTpesKoi, Hano u3MepuTb Bpems: 100 konebanuii
1=0,8[100= 80 (. Ommbka usmepenns At =1c¢/2= 0,5 ¢. Torma ommbka usmepenns T pasna Bcero AT = At/100= 0,005 .

3aodanue: xax, uMest JJIsl K3MEPEHHUIA TOJIBKO OOBIYHYI0 MUJUTHMETPOBYIO JINHEWKY, OTPEICITUTh TOJIUHY JIUCTA OyMaru
¢ morperHocThio Ah <0,0001mmMm ?

3.4. oepewnocms edunuunozo usmeperus. Iozpewnocms 3a0annoil geauyunsl. [lonamue o sHavawux yugpax peszyis-
mama usmepenutl. Boruucnenus ¢ npubaudCceHHbIMU YUCTAMU.

Kak TIOKa3aJik, MOTrpE€UTHOCTh €AMHUYHOTO M3MEPECHHUA, €CJIM HE YUYUTBIBATH CHCTEMATHYCCKHUE OIHI/I6KI/I,
PpaBHa MMOJIOBHUHE HEHBI ACJICHUS HIKAJIbl U3MCPUTECIBHOI'O an/I6opa.

Ho monmy4yenHsie pe3ynbTaThl H3MEPEeHHs Halo 00pabaThIBaTh, MOJCTABIATE B (DOPMYITBI, IPOU3BOAUTD BEIYUCICHHS.
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Ipumep: crynent, 3Has BeicoTy 00psiBa N =100M , ¢ MOMOIIBIO XOPOIIETO CEKYHIOMEPA OMPEIEITUIT BpeMsl aICHUS
¢ Hero kamHS t=4,51C, u pemmn HalTH ycKopeHHe cBOOOmHOTO TaaeHWs. C TMOMOIIBI0 KalIbKyJIATOpa OH BBIYUCIIHI, YTO
g =2h/t? = 9,832793349u/c? .
Bonpimoe yrcno 3HaAKOB ITOCIE 3aIsITOH COBCEM HE TOBOPHUT O TOYHOCTH pe3yibTaTta. KalbkynsaTop He 00s3aH AyMaTh

BMeCTO cTyeHTa. OH MPOU3BOAUT BEIYMCIIEHHUS C BBEJEHHBIMH YHCIIaMH, He 00pallas BHUMaHKs Ha TO, 4YTO W BBICOTa N, ¥ BpeMs
t OBLITH 3aBEZOMO OIPEACICHBI C KAKUMHU-TO MOTPEITHOCTSIME H PE3YJIbTAT BEIYUCICHUS TOKE COJIEPIKUT TIOTPEITHOCTb.

| Bce pe3ynbTaThl BEIMHCICHUH ClIeAyeT OKPYTIIAT O TPeX 3HAYaIuX Iudp.

3Havyamme nu¢pbl YHCJIa HAYNHAIOTCS OT nepBoii HeHyJeBoi mudpsI. Tak yncino 1,00534 conepxut mects 3Ha4Ya-
mux muop, a yncno 0,00534 —pu 3Havanux nUQpHI.

[paBuio okpyraeHus: udpbl, MEHbIIHE 5, OKPYTISIFOTCS B CTOPOHY YMCHBILICHUS YKCia, a OONbLINE WX paBHbIC 5 —B
CTOPOHY yBEIHYCHUS YHCIIa.

Ipumepwr oxpyriieHus 10 Tpex 3Havamux mudp: 1, 246= 1, 2% (B cTopoHy yBEIHYEHHUS YUCIIA);
16,24= 16,- (B cTopony ymeHnbureHusi uucia); 1,00534= 1,0: (8 cropony yeenmuenus umcna); 1,00354= 1,0( (B cropony
YMEHBILCHUsI YMCIIa, 00paTUTe BHUMAHKE, YTO HYJIH, CTOSIIHE MMOCIIC HeHYJIeBOH HHU(PBI TOXKE SBISIOTCS 3HAYUMBIMH).
[[TpaBMIO BEIYNCIEHHS: OTBET HAIO MOTYYATh C TOYHOCTHIO 10 YETHIPEX 3HAUAMIMX HHDP H OKPYTISTH MOCIEIHION HbpYy.|

HpI/I 3TOM HaI0 CICOUTH, 4TOOBI BCE BCIIMYWHBI, BXOJAIIHUC B (1)0pMy.]'ILI ObLIH OKPYTIJICHBI OAUHAKOBO, 10 TPEX 3HAYAIIUX

mudp. Ecou moacrasuts B Gpopmyay h= gt2 / 2 BelIMYHMHY YCKOpeHHUs cBobomHoro magenus ¢ =10 M/Cz, TO Ja)Ke TIPH OYCHb
TOYHOM U3MEPEHUM BPEMEHHU { MOIy4YHM 3HAYUTENFHYIO ONIUOKY, CBSI3aHHYIO C OOJBIION MOTPEITHOCTHIO YUCHa { .

[[TorpenHoCTs 3aaHHOM BEIMUHMHEI (33JaHHOTO YHCIIa) PABHA MOJNOBHHE €IMHHIE U3 MOCIEIHEr0 pa3psia Jrcia |

Ilycts, Hanpumep, yuciao TU 3aJaHO ¢ TOYHOCTBIO JI0 MATH 3HAYAIINX 0’0001—ez[n}mua u3
mu¢p. [Nocneaanii pa3psa COOTBETCTBYET TMocieanel nmudpe atoro yucna. Io- T = 3 1 4 1 6<_/ TOCJICAHETO
TPEIIHOCTh €ro 3ajaHus OyJeT paBHa AT= 0,0001 2= 0,0000. Ho ¢ Takoit ’l_“_.._,._.\ paspana
TOYHOCTBIO YHCJIO TT 33[aBaTh He UMEET CMBICIIA, ECJIM OCTalIbHBIE YMC/IAa UMEIOT TEPBBIH BTOPOH TIOCTIC THHH e

paspan  paspsag paspsan

Tpu 3HAYAmUX HUpEL. I103ToMy 1 uucI0 TI MOXKHO 33JaTh C TAKOM K€ TOYHO-
crero T= 3,14 u ¢ morpemmoctero ATt=0,0Y 2= 0,00%

ypcjga - 4ucCiIa quciia

Hcnonp3yemMas mpy BEIYMCIICHUSAX BEJIMYMHA YCKOPEHHSI CBOOOIHOTO TaIeHHS TOJDKHA OBITh paBHA J = 9,81m/c? ¢ mo-

rpemHocTsio Ag =0,01/2= 0,005/c?.

YacTo BETUUMHBI, HECOOXOIUMBIC MPH pacueTax, He U3MEPSIOTCS, a MPUBOAATCS KaK CIPABOYHEIC JTaH- R -
HBIC WM KaK Pe3y/bTaT U3MEPEHHUI, IPOICIaHHbIX paHee. HampuMep, Ha IBYX THpbKaxX HaHECEHA BEIUYMHA MX
MAacchl. JTH 3HAYCHHUS He OJHHAKOBBI, HA YTO YKa3bIBaeT JUINHUI HONb! JleBas ruprka B3BEHIMBANACH C TOY-
HOCTBIO JI0 OJHOTO FpaMMa M IMO3TOMY €€ MCTHHHAsi Macca MOXeET JiexaTh B mpegenax 16,50<m< 17,4%, 77777777/

9TO TIpH OKpyTJIeHnn aaet 17 1. [IpaBas rupbka B3BemnBagach ¢ TOYHOCTHIO 10 0,11 u st veé 16,95< m '< 17,04 .

[[orpenHoCTs 3a1aHHOM BEINUMHE! TAKKE PABHA TOJOBHHE SIMHMIIBI U3 ITOCIEIHEr0 paspsia.|
Jlnist neBoii rupbku oHa paia Am=1r/2=0,5r , qis npasoii — Am'=0,1r/2=0,05r .

OTHOCUTEILHOW HOTPENIHOCThI0 HA3BIBACTCS OTHOIICHIE MOTPCITHOCTU UBMCPCHUS BCIMYUHBI K eé N3MEPCHHOMY 3Ha-

yeHnio, yMHOkeHHOe Ha 100%. [Ins neBoro Tpy3Wka Ha pPHCYHKE OTHOCHUTENBbHAS IOTPENIHOCTh 3aJaHus MacCchl paBHA
Am 0,5 0,05

—[00%= 17 (100%= 2,949. [1ns npaBoro rpy3uka ona oyzaet B 10 pa3 menslie: A—m 100%= m[ﬂ.OOO/(F 0,294¢
m m i)

OmmbKoit GymeT TpH W3MEPEHNH JIMHBI, KOTOpas OKa3ajach PaBHOM OJHOMY METpy, 3amucarh 3HaueHune | =1wm, T.e.

3a4aTb BCJIMYUHY AJIMHBI C TOYHOCTBIO 10 OJIHOM 3Havamen I_II/I(l)pI)I. IIJ'IH YCJIOBCKA, HC IMPOBOAMBIICTO U3MEPCHUS, TaKasd un(bpa B
TCXHUYCCKOM OIIMCaHHUH 6y£[eT 03Ha4aTh, 4YTO AJIMHY U3MEPAIN JIMHENKOM ¢ METPOBBIM PACCTOAHUECM MCKAY ACICHUSAMU HIKAJIbI.
HOI‘peHIHOCTI) HU3MEPCHUS JId HETO 6y£[eT paBHa Al =1/2= 0, 5m , @ OTHOCUTEJIbHAS NOIPCIIHOCTL CTAHET HEYJOBJICTBOPUTCIIb-

noit (50%).Ho ecam 3anmcate | =1,00M, T.e. ONpeNeauTs JUIMHY ¢ TOYHOCTBIO J0 TPEX 3HAYaNIMX LU(pP, TO OH MOUMET, YTO

JUTHHY M3MEpsUTH CAaHTUMETPOBO# JHHEiKoi, morpemHocTs usmepenus Al =0,01/2= 0,005, a oTHOCHTENbHAs! TTOTPELUTHOCTD
0,5%.

BBIBO: pe3ynbTaThl BceX M3MEPESHHMH, TI0 BO3MOXKHOCTH, CJIEIyeT MPUBOIUTH C TOYHOCTHIO HE MEHEE 4eM JI0 TpeX
3HaYanux Mudp, Kak u pe3ybTaThl BCEX BHIYUCICHUN W 3HAYCHUS BCEX MCIIOJB3YEMbIX KOHCTAHT.

3.5. Mnoeoxpamuvie usmepenus usuueckou senuuunvl. Cryuaiinvlie OuUOKYU U3MEPEHUSL.
3.6. Cpeonsia senuuuna pesyrbmama uzmepeHus. Boiuucienue cpeoneksaopamuynoco OmKIOHeHUs U 008ePUTNENTbHO2O
unmepeana. A6conomuas u OMHOCUMENbHASL NOSPEULHOCHTb PE3YTIbMAMO8 USMePEHUsL.
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OJIHOKpaTHOE HM3MEPEHHE BEJMUMHBI X MOXKET OBITh COBEPIICHO C a) VICTVIHHOG\
60O omuOKoi. T109TOMY Il HaJEKHOCTH H3MepeHHe mpoBoaaT N pas 3HateHie N o Te e X
. . Xy X% 1
(MHOTOKpaTHO). ByaeM oTMeuaTh pesysibTaThl TakuX u3Mepenuii %, i =1,2,...N 37
CUCTEMaTHUYECCKasa
Ha OCH X. UCTMHHOE  oumbia
H & - 6) 3HaueHne
a BepXHEM PUCYHKE a) IIOKA3aHBl Pe3y/IbTaThl H3MEPEHHIA, IPOBEICH x
HBIX C CHCTEMATHUECKOH OMMOKOI: BCe N3MEPEHHBIEC 3HAUCHHS OTH3KH (FOBOPST L S A A N A

0 0OJBLION KYYHOCTHM M3MEPEHHH 110 aHAJOTHH CO CTPeNbOOi, Koryia Bce MyJH

MOMAAAI0T B MUIICHb OJIM3KO APYT OT Apyra, Ky4Ho). Ha HibkHeM pucyHKe 0) CHCTeMaTHYeCKOW OMIMOKH HET, Pe3yIbTaThl H3Me-
peHHii TOTAaloT B Ty 00JacTh, Te HaXOIUTCA WCTHHHOW 3HAYCHHE M3MEpsSeMON BEIMYMHBI X, HO CICNIaHBl OHH € 00JIbLINM
pa3épocoM u3-3a TOTO, YTO IPH NU3MEPECHUSX JICNAI0TCS ClyYaliHble OIMOKY.

BenuuuHy ciay4aliHOW OIIMOKHM MpEAyragaTh HENb3s, HO YeM aKKypaTHEe M BHUMATEIbHEE NENAIOTCS U3MEPCHHS, TEM
MeHbIIIe OYJeT BeMHMYMHA KaXKIOW CiaydaiHoW ommOku. Hampumep — Henmb3s MAcadbHO TOYHO HAXKaTh KHOIKY CEKyHIOMEpa B
MOMEHT Hayaja Kakoro-To mpouecca. Beerna BkimtoueHue OyaeT WM 4yTh OllepexkaTh, WM YyTh 3aIla3/IbIBaTh; HEllb3sl a0COMOTHO
TOYHO COBMECTHThH HaYAIBHYIO PUCKY IIKAaJIBI JITHEHKH ¢ KpaeM U3MepseMoro peaMeTa 1 T.11.

MOo>KHO JTH TIpH TaKOM CITydaifHOM pa30poce pe3yiIbTaTOB M3MEPEHHS CIeIaTh BEIBOJ O 3HAUCHHUH U3MEPSIEMON BEITNYH-

r——==

? I
HBI? MoxHO! ! ; 4;
IIpumep: pacCMOTPHM U3MEPEHHUE PACCTOSHUA X, HA KOTOPOE CMEMIAETCS Mep- ;
| I I

BOHAYaJILHO NMOKOUBLIEECS TENO, B KOTOPOE momnanaer myns. Oneit nposoauiacs N =8 L
pas3, ¥ KaXIblil pa3 MHJUTUMETPOBOH JIMHEHKOH ObUIa M3MepeHa pa3Has BEJIUYHHA CMe-

-~

IICHHUS
Ne uzmepenus i 1 2 3 4 5 6 7 8 (X) (B cM)
cmemenue X (Bcm) | 4,8 5,2 6,1 57 4,9 5,7 6,3 5,1| 5.48
% _<X> (8 cM) -0,68| -0,28 0,62| 0,22/ -0.88 0,22 0,82 -0/38
2 2 0,214| 0,078 0,384 0,0 0,336 0,048 0,672 0,L44
(Xi —(X)) (B cm®)

<X> - i=1 - - Xl+ X2+X3+...+ XN

Hpemﬂe BCET0, BEIYUCIISIETCS CpeaHEe 3HAUCHUE M3MEPSIEMOI BETUYNHBI. N N

JI71s JaHHBIX, PUBEJCHHBIX B TAOIUIIE, IOTyYaeM (X) =5,475cm =5,48cm .

3aTeM BBIYMCISIOTCA OTKJIOHEHHSA M3MEPEHHBIX 3HAYEHUH OT CPEJJHETO X; —<X> (TpeThsi cTpouka TabIHIBI, YaCTh ATUX

OTKJIOHEHH# OyJIeT OTpUIlaTeNlbHa, @ YaCTh — MOJIOKHUTENbHA). KBapaThl 3TUX OTKJIOHEHUH BCEr/a He OTPHUIIATEIbHBI (UeTBEpPTAs
CTpOYKaA TAOIIHUIIbI).
CpelHeKBaIpaTHIHOE OTKIOHCHHUE U3MEPEHHBIX 3HAYCHU I BRIYUCIISIOT IO (hopMyJIe

S = ﬁ%(x, —(x))2 = (% -(x) +(X2_f\lx>_)1 +t (g =(%)

B namem npumepe nonydaem S, =0,524cm . Uem MeHblle BenuuuHa Sy, TeM 0ojblie KyYHOCTh U3MEPEHHUH X, U MEHbIIE UX

p3.36pOC, OTKJIOHCHHE OT HICTUHHOTO 3HAYCHUS BEIIMYUHBI X.

Haxonen, no gopmyne |AX =S, / VN | HaxomsT JOBEpUTEIBLHBIN MHTEPBAI. DTO — pa3Mep OIIHOKH U3MepeHHsl, Bbl-

3BaHHBIN CJIy4YaWHBIMM OTKJIIOHEHUSIMH W3MEPEHHBIX 3HAUCHUH OT HCTHHHOTO. B Hamewm cioygae AX =0,185cmMm .

Ecnm n3mepenHas BeMIuHA MOTaaaia B HHTEPBAT |<X> —AX< X< (X) + AX| WA | X= (X) + AX| ,

TO TAKOMY PE3yJbTaTy MOKHO T0BEPSITh, MOXXHO CUYMTATh, YTO JaHHOE M3MepeHne (MpHu 60abioM unciae N TpoaeraHHBIX W3-
MepeHui) ObLIO BBITIOIHEHO MPAaBIIILHO. ECITH pe3ybTaT MOCIeYIOIIEr0 U3MEPEHHUS HE TOMAIaeT B 3TOT HHTEPBAJ, TO OH BBI3BI-
BacT COMHEHUs, EMy HE TOBEPSIOT. B paccMaTpuBaeMoM mpuMepe CMEIICHUE Telia TPY MOTaJaHiK MY JOJDKHO JIekKaTh B Ipe-
Jienax A0BepUTeNbHOro uHtepBana X =5,48+ 0,19cm wnu 5,29< x < 5,67cm .

3aMeThTe, UTO CpeHEee 3HAUCHUE U OMIHOKY H3MEPCHHUS 3alTUCHIBAIOT C OJJUHAKOBOM TOYHOCTHIO, C OJJHHAKOBBIM
grcioM 1udp mocne 3amsaroit. HempasuneHo 3amucate X =5,48+ 0,185%Mm , Tak Kak B 3TOM ciy4ae OMIHOKa BbI-

qyuclieHa oosee TOYHO, YEM PE3YJIbTAT UBMCPCHUA.
Yro0bI 60JICe HariaIgJHO OLCHUTDH BEJINYNHY OIIMOKHU B %, BBIYUCIIAOT OTHOCUTCIIbHYIO TOTPEITHOCTh H3MCPCHUA

E, =2 n00%.

)

B namem npumepe E, = 3,38 % (oneruTe, MHOTO 3TO MM Mano?).

[To mpuBeneHHBIM (hOpMyJIaM PACCUUTHIBAIOT CPEIHEE 3HAUCHUE <X> , CPeTHEKBaAPATUIHOE OTKIIOHCHHE S, T0Be-

pI/ITeJ'ILHHﬁ HUHTEpBaJI AX u OTHOCUTECJIbHYIO MOTPCITHOCTh U3MEPCHUSL EX JJIA TIFOOBIX U3MEPSACMBIX BEIIMYHUH X .
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3ameuanue: B 31TuX HOpMyNax He yUUTHIBAIACH ONIMOKA, BBI3BAHHAS OKPYTJICHHEM Yncel (OMHUOKa OKpYIIeHUs
DXyyp ), @ TaKKe cucTeMaTHIeCKas OnOKa AXyyq, - OHM TakKe BHOCAT BKJIA/L B A0OBEPUTENbHBIA HHTEpBAI

2 2 2
Ax = \/(Axcnyqaﬁﬂ ) + (Axoxp) + (AXCI/ICT) '
Ho CUCTEMATUYCCKYIO 0HII/I6Ky IpUu USMCPCHUAX HAJA0 CPa3y BBIABIATL U YCTPAHATD, a OIHI/I6Ky OKPYTIJICHUSA MOXHO CIC-
J1aTh MaHOﬁ, €CJIK ACJiaThb U3MEPECHUS BEJININH XI (l'[O B03M0)KHOCTI/I) 1 BCC BBIYUCJIICHUS C TOYHOCTBIO HE MCHEC TPECX-UCThIPEX

3Havammx udp. Torna omubka OKPYTIICHNS CTAHOBUTCS MaJIOl IO CPABHEHHIO CO CITYYalHOHN MOTPEUTHOCTRI0 N3MEpEHUH, 1 e€
B JaJbHEUIIeM He OyJeM YIHUTHIBATh.

3aoanus.
3.7. Koceennvie noepewnocmu. Bvluucnenue nogpewHocmu 015t QQYHKYUY 0m usMepsieMulx U 3a0aHHbIX GeTUYUH.

HOJ'Iy‘-IeHHLIe PE3yJIbTATHI AJIs1 U3MEPCHHBIX U 3aJaHHBIX BCIWYMH X, Y, Z,...IIOJCTABIISIOTCS B q)OpMy.]'ILI " IMPOBOASATCA

BBIUMCIICHHSI KAKUX-TO (DYHKITHIHA f (X, Y.z, ) . Tak xak Bce OJCTaBICHHBIEC BEIMIHHBI H3BECTHHI C MTOTPEITHOCTSIMHA

AX,Ay,Az, ..., TO ¥ BEIYUCIICHHAS BEIMYHHA OyIIET ONpEIeICHa C OMMOKOM, KOTOpasi Ha3bIBACTCS KOCBEHHOW ONTHMOKO# Ml KOC-

BEHHOM MOTPEIIHOCTHIO Af . D1o — ommbka JUISL BBIYUCISIEMOUN BEJIMUMHBI f , @ HC IJIs BCJIMYUHBI, I/I3MepﬂeM0ﬁ HapsMy1o. IIJ'IH

of _ V2 (ot _ VY (af )
eé pacueTa uMeetcs obmast popmyna: Of = (— mxj + —MAy | + (— USZJ +...].
0X oy 0z

B aT0it popmyIe cTOST MPONU3BOIHEIC '’ KOTOPBIE HA3BIBAIOTCS YaCTHBIMH IPOU3BONHBIMU. OHU BEIYHCISIOTCS A QYHKIHHA,
X
3aBHCSIINX OT HECKOJIBKUX MEPEMEHHBIX X, Y,Z,..., H, B OTIIMYHE OT OOBIYHBIX MPOU3BOAHBIX ()YHKIIMU OJHOM MepeMeHHOMH

f,(X)zdf(x)

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

y 0003HaYAIOTCS HE OpAMbIMU CUMBOJIAMU d , @ KPYTJIBIMH CUMBOJIaMU 0 . Beruncasercs yacTHas MMpou3BOaHA,

of (xy.2,..) _ df (x.y.z,.) of (xyz,)_di(xyz )l
aX dX |y,z,...=const ay dy |x,z,...=const
d(x? +cons d(const+y®
ce (w203 of _ ( 9_ Cof _ ( Y )_ 2
Ipumep 1. f—a(x +y ) ax—a ™ =20X; ay_a—dy =3ay”.
d(x? d y3
IIpumep 2: f =0(x2y3, ﬂ=0(y3 ( )= 20(xy3; —f=ax2 ( )=30(x2y2
0x dx oy dy

Af
OTHOCHTENbHAS TTIOTPEIIHOCTD BBIYUCICHHS QYHKIHK f (X, Y, 2z, ) TaKKe 3ajaeTcs B IpoleHTax: |Ey = ra 100%,

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

HbIX BenimuuH, | f = f ((X) ,(y) ,(z) , ) . Pe3ynbrar BEIYHCICHMH 3aMMCHIBAETCS C YISTOM HAWIEHHON OMIMOKH:

f=f((x).(y).(z),..)x0f

Ipumep 3: pamuyc Kpyra ObLIT H3MEPEH MHOTO pa3, i ObliIa MOJTyYeHa BEJIMYNHA CPETHETO 3HAUCHUS payca
<R> =10,5¢cm u goBeputensHOro nuteppaia (omubdku u3meperns) AR =0,6 cm . BeruucianTh BeIHIUHY IIOMIAIN KPyTa.

Ilommans Beraucisiercs mo gopmyire S= TIR? , TIIe HaJ0 3a1aTh Takke ynciio TU. Ecam npunste T1= 3,14, To morpemr-
HocTs 3ananus ATi=0,01/2= 0,00t Torma S =n{R)* =3,14[{10,50m)° = 346,185cm2 = 346 cm 2.
9 (nRZ)

6( 2) 2
Owmnoka Beruuciaenuss AS = T AR | + 6— [Art| = \/ ( 2T[< R> mR)z + (( R)Z mT[) , UTO IIOCJIE MOJACTAHOBKH YH-
Tt

cen maer AS =39, 5678cm2 = 39, 6CM2, T.e. S=346% 40cM? , @ OTHOCHTeNbHas ommoka Eg = (AS/ S) [100%= 11,4 %.
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OTHOCHUTEJBHBIC OIMUOKH BBHIUUCIIIEMBIX BEJIMUMH BCEr/1a O0JIbIIe OTHOCUTEIILHBIX OIIMOOK MPU MPSMBIX
m3MepeHusx. Ho mpu nmpaBHIIEHO MPOBEIESHHBIX IKCIICPUMEHTAX OHU HE JOJDKHBI TipeBbImath 20-30%. |

3aMeTHM TakXke, 4To B3siB TouHOoe 3HaueHue T1=3,141592654.nonyunm At=0 u AS =39, 584ZlCM2 . Omnoxa BbI-
YHMCIICHUS TPAKTHYCCKH HE H3MEHHIIACh, TOTOMY YTO 33JaHHYI0 KOHCTAHTY 3alIUCAJIH C TOYHOCTBIO J0 TPEX 3HAYaMX mudp.

3adanue: sxcrepumentatop 20 pa3 Gpocan kaMeHb ¢ KPBIIIH 3[aHUs MO yriaoM O = 45° Kk ropusoHTy, cumTas, 4To Ha-
JaJibHas CKOPOCTh KaMHs Vg =8,0m/C. Cpennee BpeMst OT MOMEHTa OpOCAHHMs KAMHsI JI0 €ro HaJCHUs Ha 3eMIII0 0Ka3aloCh PaB-
HEIM <t> =3,6 c, a noBepurensHblil natepsan At =0,5 ¢. BeruucauTs BeicoTy 3qaHus h u HaifTi oTHOCHTENBbHYIO OIIHOKY Ej

(B %) TaKOTO BBIYKCIICHUS.

3aunsnrue 7. Tema: O0padoTKa IKCNEPUMEHTAIbHBIX JAHHBIX:
NMpaBWJia NOCTPOeHUs rPa(PKOB M BHIYUCJIEHHS NMOTPEIIHOCTH CEPUH M3MepeHu i

3.8. I'paguueckoe npeocmasnenue pezyrbmamos usmepenutl u eviuucienul. Ilpasuia macumabuposanus epapuxos.
Odopmnenue oceti epaghuka. Ilpasuna nocmpoenus epaguxa no IKCREPUMEHMANLHO HAUOEHHBIM MOYKAM C YKA3AHUEM 008epU-
MeNbHbIX UHMEPBATIOs.

Kak npaBuiio, pe3ynsTaThl IPOBEICHHBIX H3MEPEHNHN IPEICTABIAIOTCS HATJIIAHO: B BUJIE TpaUKOB, THArpaMM, TaOIuIl
W.T.II. DTO HAJO JETaTh IPABUIBHO.

B Tabnumax He NUOTYT CIUIIKOM Majible HIIH CIIUIIKOM OOJNBIIHE YHCIa ¢ OOJBIINM YHCIOM HyJeH. {711 3TOro UCTob-
3YIOT paCCMOTPEHHBIEC paHee MPUCTaBKH. Ho eciii pe3ynbpTaThl xKeIaTeabHo 3anucaTh B cucteMe CU, To HCTOMB3yI0T MHOKHATEIN

10". Hanpumep, x =12500000m =12,5Mm = 1,25[]16 M, m=0,000056kr =56 mxr = 5,6[1].0_5 KT .

Ecnu otnenpHOE 4HCIIO 3aMMCaHO C MOMOIIBIO TAKOTO MHOXKHUTENS, TO nepen 3aMATOMN JOKHA CTOATh €IUHCTBECH-

Has nudpa: HenpaBunbHas 3anucs. M= 56C10° kr. [IpaBuibHas 3anucy M=15, 6010° kr.

Bce m3mepeHHbIe BETUYHUHBI TOJDKHBI TPUBOIUTHCS B TAOIHIIAX C pAa3MEPHOCTSIMH, HO Pa3MEPHOCTh M MHOXKHTE-
au 10" He Ha/O 3aMMCHIBATE JUIS KAYXKIOTO YKCIA. Tlepen cTpoKOH WIIH CTOJIOIIOM YHCEN B TAOJIHUIIE HAZIO0 YKa3aTh

CUMBOJI BEJIMYUHBI, €€ PasMEPHOCTb U MHOXKUTECJIb 10n . D10 03Ha4YacT, 4TO BCC MPUBOJAUMBIC YUCJIa YMHOXKAIOTCA
Ha 3TOT MHOXHUTEJb U UMCIOT YKa3aHHYIO pasMCPHOCTb.

Ilpumep TIpaBUIBHO COCTABIICHHON TaOJHIIBI, B KOTOPYIO 3aIIMCAHBI PE3YJIbTaThl H3MEPEHHS 3aBUCUMOCTH BEJTMIHHEI TO-
Ka | , Texymiero gepes TpaH3UCTOP, OT BEIMYUHBI 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 7,2 7,4 7,6 7.8 8,0
Ora e Tabnuua, r1e Bce JaHHbIe puBeaeHs! B cucreme CU:

I,x10° A | 2,87 2,98 3,22 3,38 3,56 3,77 3,98 4,12 4,30

U,x10%B | 6,4 6,6 6,8 7,0 7,2 7,4 7,6 7.8 8,0

To ke camoe crpaBeUIUBO MPH HOCTPOSHHUHU IPaPHKOB!

Ha K01 OCH HaJI0 yKa3aTh CUMBOJI BEJIMUNHBI, €€ pa3MEPHOCTh U MHOKHUTEIb 10". 310 03Hauaer, uTo BCe

3HAYCHMS, OTJIOKCHHBIC BIIOJb 3TOU OCH, YMHOXAIOTCA HAa MHOXKHUTEIIb 10n 1 UMCIOT YKa3aHHYIO Pa3MCPHOCTD.

INokaskeM omMOKH, KOTOPBIE YaCTO AOIYCKAIOT IIPU IO~ T MKA HETPaBHIIBHO! HEBEPHO BEIOpaH
R !

cTpoeHuU rpadukoB. Bo-nepBeIX —3TO HENMPABHJILHO BHIOPaH- 0 0 ST 07— | wmacwTtad u
< o T -——-Fr—-—+——F—————= —— ==
HBIH MacIITad, KOr/ia HayaJioM OTcyeTa oceil rpaduka BBIOHpaeTcs 4 L 0 [T ucrnonb30BaHa
T-——r——r——rF——F————7 F—7—
HyJICBOE 3HaucHUEe. B 3TOM ciydae, HampuMep, s TaHHBIX, TPU- | MAJIas YACTE OIS
|
BEJICHHBIX B Ta0IuIle, TpaduK 3aBUCUMOCTH TOKA OT HANIPSKCHHUS 3l R TR N S A rpaduka
I I — =R
OyneT 3aHMMaTh OYCHb MaJyI0 00J1acTh JMcTa. bobInas yacTh Juc- S TS e
Ta OCTAHETCS IYCTOM, a 0 MaJeHbKOMY TpaduKy TPYIHO OyAeT 24
YCTAHOBUThH KAKHE-THOO CIICICTBHSL. R R e e it e
. 1..,,L,,L,,L,,Lf7p77\777\774
Ecnu 310 He yka3aHO CHelHaibHO, TO MAcCIITa0, YKa3bIBACMBIi R
I B e e S Bt At U’ MB
|

Ha OCsX TpaduiKa HAK0 HAYMHATH ¢ MUHUMAJIbHOI0 3HAYEHUS | L
0TO0paKkaeMoii BeJJMYMHBI M 3aKAHYMBATh MAKCHMATbHBIM 0O 1 2 3 4 5 6 7 8
3HaveHneM. Toraa rpaguk 3afiMeT Bce MOJe JTHCTa.
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Ha ocsix rpaguka Henb3sl OTKIIIbIBATh 3HAUCHHUS 3a]IaH-
HBIX BEJTUYNH, U KOTOPBIX CTPOUTCS TpaduK, KaK 3TO
CeTaHo Ha pUCYHKe cieBa. Henp3s Ha ocsx rpaduka
OTKJIa/IBIBATh OTIOPHBIE 3HAUYCHUS depes JTF00kIe HepaB-

HBIE TIPOMEKYTKH.

I/IHTepBaJ'II)I OIOPHBIX 3HAYEHUHN BEJIUYMH, OTME-
YCHHBIX Ha I‘paq)I/IKC JIOJIKHBI OBITH OINHAKOBBI-

IeJIEHUS HA OCU HenpasWibHO!
JIOJDKHBI CIIENIOBATE |, - I,MxA SUPABEHY
4epe3 paBHbIe il
MPOMEKY TKH 3,984 -———— - o
HEJb3S 3y - L
OTKJIABIBATh HA 3,561 - e
ocu usMepeHuple 3,384 --———-—-- S B N
3HAYEHUS 3221+ T
2981+ L

MM, KaK 3TO CACJIaHO Ha OCHU a6CIII/ICC.

U,vmB

6,6 6,8 7,0 7274 7,6 7.8 8,0

OIOPHBIC 3HAYCHUS BEJIUTINHBL U ma ocu

[octpoennslie Ha rpadrKe TOYKH HEIB3S COSTUHATH JIO-

MaHOU HITH JIt000# Mpyroi THHUEH, n3rudas e€, Kak MoKa3aHo Ha
pHUCYyHKe cripaBa. Kak mpaBuito, 1o0bIe 3aBHCHMOCTH O0TOOpaka-
FOTCSI TTaJIKUMH KPUBBIMHU, U3MEHSIOIIMMUCS MIaBHO. OTKIOHE-
HHUE TOYCK Ha rpaduKe OT TaKOi ITaBHOI KPUBOW — 3TO pe3yJiib-
TaT CJICIAHHBIX OMTHOOK M3MEPCHHUS UIIA BBIYUCIICHUS.

Jlvnmro rpaduka Hamo MPOBOIUTH MEKAY SKCIIEPHMEHTAb-
HBIMU TOYKaMHU. Ecnu u3BeCTHO, YTO 3aBUCHMOCTD JOJKHA
OBITH TMHEHHOM, TO Ha/I0 IPOBECTH NPSMYIO MEXIY TOUKAMH
C IOMOIIbI0 TUHEHKU. Ecny Bua 3aBUCUMOCTH HEU3BECTEH, TO
MIPOBOJAT IVIABHYIO 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

ol

=N LY o N

WL W AR

JIOIYCTHMBIX OITHOOK)

Ecou rpa(bmc CTPOUTCH Ha JIUCTC MUJUTUMETPOBKU WUJIA

Ha J1r00oM jucte “

B KJICTOUKY”, TO MEXKIy ABYMSsI OMOP-

HbBIMH 3HAYCHUAMHU HA OCH KOOPAMHAT J0JI’KHO OBITH

MOJTyYeHHbIE Ha
rpaduke ToukH
HEJIb3s COSIUHATD
HH JIOMAHOH,

HH BOJIHUCTOH
JIMHUAEH

e “

rpaduk TomKeH
(POXOIUTh MEXKITY
STUMH TOUKAMH

WWLWWWwhi~H
OO

2,4,5u1m 10 kaerouek. Torma MeXay HIMH JISTKO HAWTH JI000E MPOMEKYTOTHOE 3HAUCHHE.

I, MxA
| | | | I

HHenpaBUIEHO! T

6,6 6,8 7.0 7.2 7.4 7.6 7.8 8.0

Ecmm OKCIIEPUMECHTAJIBHBIC TOYKH ABHO HE JIOXKATCA Ha Ta-

1,x10"°A wm I, mMxA

KYI0 KpUBYIO (PHCYHOK CJIeBa), HA0 MIOCTPOUTH Ha rpaduke oTpes-
KU JIOBEPHUTEIBHBIX HHTEPBAJIOB INUPUHON 2AX C IEHTpaMH B Ha-
HECEHHBIX TOYKaX. DTH MHTEPBAJIBI IIOKA3BIBAIOT MPEICITHI JOMYC-
KaeMBIX omnOoK. KprBas rpaduka JoDKHA IPOXOIUTE B TIpeaesax
JIOBEPUTEIHHBIX HHTEPBAJIOB.

[IpaBunbpHO TOCTPOCHHBIH TpaduK MPUBEICH HA PUCYHKE HIKE.

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

6,6 6,870 727476 78 8,0

3.9. Onpeoenenue noepewHocmu SKCREPUMEHMATLHO HALIOCHHBIX TIUHEHBIX 3A6UCUMOCTET MEeMOOOM NAPHBIX MOUEK.
3.10. Hocmpoenue epagpura u vivUCTEHUEe 00BEPUMENLHBIX UHMEPEAN08 MEMOOOM NAPHBIX MOYeK HA npumepe 3a0aH-
HbIX PE3YIbMamos UsMepeHuil PU3UYeCKUX 6eIUUUH C6A3AHHbIX TUHEUHOU 3A6UCUMOCTbIO.

Jlo cux mop MBI HAXOIVIIN TIOTPEITHOCTH OJHOKPATHO MIIM MHOTOKPATHO U3MEPEHHOH BETMYWHBI IPU OJHHUX H TEX JKE
YCIIOBHSIX H3MEPEHHSA, KOTa, B Healle, JOIDKHO MOIYIUTHCS OJHO IIPaBMIIbHOE 3HaUeHHE. Temneps pacCMOTPHUM CiTydail m3mepe-
HUSI 3aBHCUMOCTH JIBYX BEIIUYHH, JUIT KOTOPOH CTpOoUTCs rpaduk. B o0miem cirydae 3aBUCHMOCTh 0ToOpaskaeMast TpadukoM, aHa-
JTU3UPYETCS METOIOM HAaMMEHBITNX KBaJpaToB. MBI HccieayeM 0ojee IpoCTO METO MApPHEIX TOYEK, NpeaHa3HaYCHHBIH IS
aHaM3a JIMHEWHOMN 3aBUCUMOCTH Y = KX, KOTOpas OIpeaelaeTcsl BEAMYMHOM KOI (-

y

¢unumenta K. 3amaua — HAWTH STOT KOI(DDHUIUEHT 10 MOCTPOCHHOMY TrPadUKy. BNR
Xt [ X2 | X3 | X [ X5 | X XN fvfs

s

Yi [ Yo | Y5 [ Y4 | Y5 | Y6 Yn |
%

Ay T

Tak kak Ay = KAX, to [k =—==tga|, rme Ay u AX - KaTeTsl TPEYrONBHUKA, THIIO- 1

AX AL

TEHY30U KOTOPOTO OY/AET MpsiMast TMHUsI, TIPOBEJACHHAS MEXy SKCIIEPUMEHTATbHBIMHU K]

TOYKAMH, T.€. KOOPPUIHEHT K - 3TO TAHTE€HC yriia HAKIOHA O TaKOM JMHUH K OCH X . T
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Ho HackoJIbKO TOYHO MBI TIPOBENH ATY JIMHUIO? ECK €€ HeMHOTO MOBEPHYTH MO YaCOBOM CTPEIIKE WU MPOTHB, OHA MO-
MpEeKHEMY MPOMIET MEX Ty TOUeK rpaduka, HO yron O u kodddurment K usmensrtcs. C Kakod TOYHOCTBIO MOIYIAETCS OTBET?

y
yN=7 |

Vs

Yo

I

G — b

AN

L

N | x

X X2 X3 X4 X5 X Xyoy

HaXOJUM CPECIHCKBAAPATUIHOC OTKJIOHCHHUEC

Yro6bl OTBETUTH HA 3TOT BOIPOC, COSTUHUM OTPE3KaMH MapHble TOUKH (depe3
OJTHY WJIM Yepe3 JIBE) U Hal/IeM TAHT€HCHI YTJI0B HAKJIIOHA 3THX OTPE3KOB K ocu X (Ha
JICBOM PUCYHKE TOYKH COCANHEHBI 4epe3 OJIHY):

k1=t90‘1=—§/(3_y1; ko =t90‘2=—y4:;/2i

X Xq =X

_ _ YN “YN-2
kKy—2 =tgan-p=————=
XN T XN-2

(nm y ). Kakue-To yriel HaksoHa Ofj OymyT Ooble, KaKHe-To — MEHbINE, HO B CPel-

- _¥57V3.
ks =tgag= ;
X5~ X3

, TAC N —uncio N3MEPCHHBIX 3HAYCHUN BEJIUYHMHBI X

HEM JaayT NPpaBUJIBHOC 3HAUYCHUC, KOTOPOC UILEM 11O IMTPUBCACHHBIM BBIIIIC (bopMynaM

(0="% ¥ fin-2)=

CpeaHEero
P N-2

. JInst HaX 0K IEHHST OIUOKH

S

AX=—=

JN=-2|

¥ JTOBEPUTEIBHBIN HHTEPBAI

S g £ =00’

Hmoe: o M3MCPCHHBIM C IIOIPEIIHOCTHIO 3HAUCHUSIM NEPEMCHHBIX X M Y, CBSI3aHHBIX JIMHEHHOM 3aBHCUMO-

CThIO Y = kx , MOKHO CACJIaTh BbIBOJ] O BCIIMYHHC KOS(l)(l)I/II_[I/IeHTa k:

TCJIbHYTO MOTPEITHOCTD BBIYUCIICHUA 3TOTO KOS(l)(l)I/II_[I/IeHTa

k = <k> + AK|, a Takke OLIEHUTh OTHOCH-

Ey = (Ak/(k))100% .

HpuMep: MaJICHNUC HAMIPSY)KCHU A U na COIMPOTUBJICHUN R cBs3ano ¢ MPOTCKArOIMNUM TOKOM | am-

HeWHOM 3aBHCHUMOCTBIO

IIJ'I)I OIPCACICHUA BEJINIYNHBI CONPOTUBJICHUA R Obumm N3MEPCHBI 3HAYCHUS HAIPSIPKCHUS ITPU pa3HbIX
3HAYCHUAX TOKA U 3aHCCCHBI B CICAYIOIIYIO Ta6nnuy:

U=R (axon Oma).

HOMEp U3MEpPEeHUsI i 1 2 3 4 5 6 7
Tok | , A 1 2 3 4 5 6 7
Hanpspkeane U , B 10 10 20 40 30 40 50

501
40
30
20
101

0

ITo naHHBIM, 3aHECEHHBIM B TAOJIHILY,
HAXOJIUM JTIOBEPUTEIHHBIN HHTCPBAJ

SR 1 N=5 2
AR=—CF"= [—  —(R)) =
=2,550m.
OmuOKu U3MEpeHUs OBIITH 0YCHD
OOJIBIIIMMHU, OTHOCUTEJIbHAS IOTPEIII-
HOCTH BBIYHCIICHUST R paBHa

Er = 2R 100%= 36,49,

(R)

HO, TEM HE MCHEEC, PE3YJIbTAT MOJyYCH:

R=(R)+*AR=7,00 2,550m.

B Takux npenenax JODKHO HAXOIUTHCS
HCTHHHAS BEJIMYMHA COTPOTUBICHUS R

3aMeTI/IM, YTO UBMCPCHUA MPOBOANIIUCH OYCHb He6pe>1<H0, C O'pOMHBIMU
omubdKkamMu. 10 BUAHO IO 3KCIICPUMCEHTAJIBHBIM TOYKaM Ha MMOCTPOCHHOM Fpa(l)I/IKe 3a-

pucumocTtn U =U (I ) , KOTOpBIE COBCEM HE JIOXkKATCsI Ha MPsAMYIo JTuHUI0. Ha aTom rpa-
¢buke (pUCYHOK ClleBa) MEXKIy TOUYKaMH MPOBeeHbI B¢ mpsimble nunaun | u |l Ho oxn
K0T pasHbIi pe3ysbTar s Bemuunnel R =AU /Al , Tak kaKk yros HaKJIOHa 3TUX JUHUI
k ocu | pasmwmuen. W3 orHomenus katetoB AU u Al (moka3aHHBIX HA PUCYHKE JJIS
muann 1) HaxogmMm R =9,70M, R = 6,7 Om . Kaxkoii oTBeT Beper?

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

HOMep | R, Om R_<R>10M (R—(R})Z,OMZ
1 _Us-U; _20-10_, 5-7=-2 4
-1,  3-1
2 - - 15-7=8 64
R2=U4 Up _40-10_,,
ly=1,  4-2
3 _Us-Us _30-20_, 5-7=-2 4
lIs—13 5-3
4 _Us-U,_40-40_, | 0-7=~7 49
lg—1s 6-4
- - 10-7=3 9
_U7-Us _50-30_,
|7_|5 7_5
_5+15+ 5+ 0+ 10_ 5 5
(R)=——————=7,00 > (R -(R))" =130
i=1

(cpaBuute ¢ pesynpratamu R v R, , momyuennsivu uist rpadukoB | u |l, moctpoeHHEIX Oe3 aHanm3a).
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3aoanus: obs13aTeNbHOE TSI BBIIIOJTHEHUS 3aJlaHHE I CaMOCTOSTEIbLHOM pa6OTI)I IO yKa3aHUIO IpernoaaBaTes.

3ansrue 8. Tema: XapaKkTepUCTUKH KHHEMATUKH MOCTYNATEIbHOTO IBHKEHUSI
4. DU3HYECKHUE OCHOBBI MEXAHUKHU. KHHEMATUKA I1OCTYIATEJIPHOI' O []BHDKEHUA

4.1. [Ipedcmasnenue npousBoIbHO20 OBUICEHUS 8 BUOE CYMMbL NOCMYNAMENbHO20 U 8pawamenvHo2o dgudicenus. [lpu-
Mepul

[T1060e ABIKEHHE MOXKHO CBECTH K CyMMe IIOCTYIIATEIbHOTO ABIKCHHS M BPALICHHS OTHOCHTEIHHO HEKOTOPOI OCH].
IMocTynare/pHbIM ABHKEHUEM HA3bIBACTCS TAKOE JBIKCHHUE, IPH KOTOPOM BCE TOYKHU Teja
JIBIDKYTCS TI0 OZIMHAKOBBIM TpaeKTopusM. [103ToMy [UIsl ONHCaHHs OCTYNATeIbHOTO ABUKCHHUS
JIOCTATOYHO PACCMOTPETH JBHIKCHNE SAMHCTBEHHOM TOUYKH MM YaCTHIIBI.
[Tpu BpallleHHH BOKPYT 3aKPEIUICHHON OCH BCE TOYKH Teja IBHXKYTCS MO OKPYNKHOCTSIM,
HMEIOIUM OOIIYIO OCh.

Ilpumep: nBUXKEHUE CTyJA HA PUC. a HE OYJET BpallaTeIbHBIM. JTO MOCTY-
naTeabHOC KPUBOJIUHEHHOE JABIDKCHHE IO OKPYKHOCTH, KOTJIa BCE TOYKH TENa
JBIDKYTCSI TIO OJTUHAKOBBIM TpaekTopusiM. Ha puc. 6 n300pakeHO BpaliaTeibHOe
JIBIDKEHUE CTyJIa: BCE €r0 TOYKH OMUCHIBAIOT OKPYKHOCTU BOKPYT 001IIeit ocu
Bpamerns OO', HO PagUyChl ITUX OKPYKHOCTEH pa3IHYHbI.

3adanus:. kakuMm OyneT NBUXKEHHE KaOWHKH Koyieca 00O3pEHHS B TapKe
arTpaknuoHoB? JIBwkenue JIyHBl BOKpyr 3emim? JIBrkeHHe 3eMIIH BOKPYT
Comama?

4.2. Bvibop cucmemol omcuema. Paouyc-eexmop. Tpaexmopus 0gudcenus yacmuysl. Bekmop ckopocmu. 3asucumocmo
CKOpOCIU U PAOUYC-8eKMOPA 8 CyHAe NPOU3BOIbHO20 KPUSOIUHEIH020 d8udcerus (UCNOb306aHIe RPOU3BOOHOT U UHMEZPANA 8
3a0a4ax KUHEMAMUKY ROCMYNAMENbHO20 0GUICEHUSL).

YroObl 3amucaTh 3aKOH IOCTYNATEIBHOTO WJIM BpallaTeIbHOTO
JBIDKCHUS, HAJ0 OIPEAEIUTh KOOPAWHATHI IBHXKYIIErocs Tena (JacTu-
I(BI), BBOJISI CHCTEMY KOOPJHMHAT: JIEKApTOBY, HUIHHAPHIECKYIO WK Cde-
pudeckyro. Jlanpie Ml OyIeM MoJb30BaThCs IEKApTOBOH CUCTEMOM KOOp-

_ _ IMHAT, KOTOPOE 3aJ1a€T CUCTEMY OTCUETA.

CHadaja paccMaTpiBaeM IOCTYHAaTeIbHOE ABIDKCHHE YaCTHIIBI, TI0-
JIOKEHWE KOTOpOoW 3amaercs e€ pammyc-BekTopoMm [ . I'eomerpmueckoe
MECTO KOHIIOB paJlyC-BEKTOpa MPEACTABISET KPUBYIO, HA3bIBAEMYIO Tpa-

EKTOpHUeH. 3aBUCUMOCTh PaJMyC-BEKTOpa YaCTUIBI OT BpeMeHHu [ =T (t) Ha3bIBaeTCs KHHEMATH-

YECKMM 3aKOHOM JIBIKCHHS (3TO ypaBHEHHE TPACKTOPHH).

W3menenne pagmyc-ektopa ' 3a Bpemst At HasbIBaeTcs mepememenueM: Ar =1 —T,. Bek-
TOp TEPEMEIIEHHUS COBMAIAET 110 BEIMIMHE C XOP/0i, MPOBEAEHHON U3 Touku 1 B Touky 2. J{nuna
JyTH TPAaeKTOpHH Mekay dTumu Toukamu Al HaswiBaercs myteM. [l GECKOHEYHO MAajoro Bpe-
MeHHOTO uHTepBana Ot cooTBeTcTBYyIOIIEE OECKOHEUHO Maioe nepemelieHre OF HampasieHO 1Mo

/
TPACKTOPUA
KacaTeJbHOM K TPaeKTOPUH B Touke 1, a ero BenuunHa (MOIyJIb) paBHA ITyTH: |dF| =d.

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

nsieMast paBeHcTBOM [V = lim — =—|. CkopocTh V Bcerjia HApaBJieHa MO KaCATENbHOM K TPACKTOPUH.
At -0

Benmuuna ckopocth, |V = |\7 =|—| =—,| paBHa IPOM3BOTHON OT IIyTH 10 BpeMeHHU. HOT1a UCTIONB3yeTCS TOHATHE Cpel-

Hell CKOPOCTH! OTHOUICHHUS IEpeMEIICHHs] K UHTepBally BPEMEHH, 32 KOTOPOE OHO IPOUCXOUT (\7) =AF/At .

Takum 06pa30M, 3Hasl KHHEMATUYECKUM 3aKOH JBHKEHUS, MOKHO MMPOCTBIM ,HI/I(b(bepeHHI/II)OBaHI/IeM IO BpEMCHHU HaWTH CKO-
POCTH B 10001 MOMEHT BpEMCHHU (H[)ﬂMaﬂ 3ajgaydya KI/IHeMaTI/IKI/I). Ha060p0T, 3Has Ha4YaJIbHbIC KOOPJAUHATHI ro B HayaJbHBIM MO-

Z = i T
TPACKTOPYS meHT Bpemenu ty =0, MoxHO Haiitu Tpaekropuio nBuxkenus yactuupl T (t) (oGparHas 3azaua

TeJIO

t
ey = 4 fo
oTcuera kuHematukm): |1'(t) =M !)vdt :

IMono)xeHHe YacTUIB! B JIF000H MOMEHT BPEMEHH OMNPEICISCTCS TPEMsI e¢ KOOPIHHATAMHU
y %Y, Z , KOTOpbIE 3aBUCAT OT BPEMEHH, X = X(t), y=y(t), z=z(t), u ABAAOTCSA NPOCKUHIMH

/ v panuyc-BeKTOpa Ha OCH KOOpIAUHAT: |F (t) = Tx(t) + Ty(t) + IZZ(t)| ,
X

roe i, ] , k - CAVMHNUYHBIC BEKTOPBI, WJIN OPThL L[eKapTOBOﬁ CUCTEMBI KOOPJAUHAT.
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HpOI/ISBOHBHOG JBWKCHUC YaCTHUIIBI MOKXHO pacCMaTpUBATh KaK CYMMY HE3aBHCHUMBIX ,I[BI/I)KCHI/Iﬁ 110 KOOPpAWMHATHBIM

ocaM X, Y, Z:|[Vx =—» Vy =

_dx _dy _dz

- [} _1V -
dt dt’ % gt

. Benuunoit (Mmomynem) ckopoctu Oyaet |V = ,/V)Z( +V§ +sz

CKIIUU CKOPOCTHU, MOKHO HaWTH KOOPAUHATLI ,HBPI)KyIIIeﬁC)I qaCTUulhbl B 1000 MOMEHT BPECMCHHU:

3aoanus.

t t t
X(t) = %o + [vy(t)dt, y(t) = yo+[vy)dt, z(t)=zo+[v, (t)dt]|.
0 0 0

1) Paauyc-BeKTOp YaCTUIB H3MEHAETCS BO BPEMEHH M0 3aKoHy T = —4i + 4t 0 .

B momeHnT Bpemenn t =1 ¢ yacTHia okaszajgach B Touke A (puCyHOK crpaBa). Kakum Oymer npaBuiib-

HOC HaIIPpaBJCHUC CKOPOCTU YaCTHULBI B 3TOT MOMCHT BpeMeHI/I?

2) U3 ToukH ¢ pajnycoM-BeKTopoM Ty =161 — 8] mauana coe nBikeHue uactuua. Ee ckopocTs u3-

MEHseTCs 0 3aKOHY V = 4t + 23 [J . Yepes cKoJIbKO CEKYH/I YacTHIa iepecedeT och 0X ?

3
3) Paguyc-BeKTOp 4acTHIIBI 3aBUCHT OT BPEMEHH T10 3aKOHY T (t) =i Dﬁ{lj +] B+ k [(I:( t ]
T

OTBerT: "epes 2 c.

T =1 c. Yemy paBeH TaHIeHC yriia MEXAY BEKTOPOM CKOpOCTH V U OCbIO ZB MOMEHT Bpemenu t =1 ¢?

Ortser: 0,75.

4%) Cxopocts TeueHus peku paHa U = 1 m/c. [llnpuna pekn S = 24M. [110Bel, HMEIOLIHIT CKOPOCTH

v = 0,8Mm/c OTHOCHTENHHO BOJIBI IUTHIBET MPOTUB TEUEHHUS IO/ TAKUM YIJIOM 0 K Oepery (CM. pUCYHOK),
U MEPEIUIBIBAET PEKY C HAMMEHBIIMM CHOCOM b oTHOCHTENBHO HcxoaHoM Touku O. HaiiTi 3TOT Hau-

MEHBIINI cHOC D.

OtseT: by,in = 18Mm

. Hao6opor, 3Has mpo-

5&) JIeBblii KOHET] UI€aTbHOTO PE3MHOBOTO IIHYPa, KOTOPBII MOXKET PaCTATUBATHCS

110 OECKOHEYHOCTH TIPHUKPEIUICH K cTeHKe. [IpaBblii KOHEI] HAYMHAIOT TIHYTh CO

x
4
—| ,rmerneA=B=C=2M,
T
b
___ -0 - '_—_T_
- l=———_VS5S-
)
0
2o v

CKOpPOCTBIO V = 1wm/c. O,HHOBpeMeHHO KYK, CHACBIINM Ha IMpaBOM KOHI€ HAYMHACT l

TIOJI3TH TIO TIIHYPY K CTEHKE co cKopocThio U = 20 av/c oTHOCHTENbHO miHypa. HavaneHas aivHa mHypa | =1 M . 3a kakoe Bpemst

KYK JOMON3ET IO CTCHKH?

OtBer: 3a 147 cexyHn

3anstue 9. Tema: Kunemarnka KpUBOJIMHEHHOTO MOCTYNATEIHLHOTO ABUKCHUS

4.3. Boiuucnenue nepemeuwjeHuss U nymu, npotoeHHo20 yacmuuyell.

[TepemenieHre 4aCTHIBI U3 TOYKH C PAJUYC-BEKTOPOM [1 B TOYKY C paJuyc-BEeKTOPOM [o (paccTOSHHE MEXIYy dTUMU TOUYKaMH)

UMCCT BECIIMYNHY

|F2 —F1| =\/(X2‘X1)2 +(y2my)*+ (22297,

[IpoiineHnslif yacTuiei 3a BpemMs t TyTh onpeAesieTcss MOayJeM e€ CKOPOCTH

3aoanus:

t t
s(t) = [v(t)dt = HVX2 +vy 2 v, dt
0 0

1) YacTulia Hayana CBOE JBUKECHHE U3 Havalla KOOpAUHAT, U €€ CKOPOCTH 3aBUCUT OT BPEMCHU 110 3aKOHY

4
- - t
v (t) = (I [A+ ] [B)[—j ,tme A =B = 1wm/c, T =1 c. Kakoii myTs npoaenaet yactuiia 3a spemst t =1 ¢?
T

Ortser: 0,283Mm.

2) YacTulia Hayana CBO€ JBHKEHUE U3 TOUKH C pagnycoM-BCKTOPOM ro = —jT [C co CKOPOCTBIO, KOTOpasd 3aBUCUT OT BpEMCHHU 11O

4 3
3aKOHy V (t) =i Dﬁ{lj +] EB(—] ,tae 4 =B = 1wm/c,C=0,5m, 7 =1 c . HaiiTu paccTosiHie MEXIy YaCTHIICH U HAYATIOM
T 14

KOOpAUHAT B MOMCHT BPEMCHHU t=1c.

Ortset: 0,320M.
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4.4. YVexkopenue. 3a8Ucumocnb YCKOPEHUs U CKOPOCU 8 Cyude NPOoU380IbHO20 KPUBOIUHEUH020 OsudiceHus (Ucnob-
308aHUe NPOU3BOOHOU U UHMESPALA 8 3A0AYAX KUHEMAMUKI HOCMYRAMETbHO20 0GUICEHUSL).

A dv d¥F
[Mpou3BoaHast CKOPOCTH YACTHUIIBI [T0 BPEMEHH, T.€. BeKTop | = lim E = E = ? Ha3bIBAETCSl YCKOPEHUEM YAaCTHUIIbI. JHAS
At -0 t

CKOPOCTb YaCTHIIBI, MOXKHO TIPOCTHIM A epeHnnpoBaHreM IO BpeMEHH HaliTH e€ yCKOpeHne B JIF000i MoMeHT BpeMeHH. Ha-

000pOT, 3Hast yCKOPSHHE YaCTHIIBL, a TAKKE €& HaYaIbHYyI0 CKOPOCTE V(j YacTHIEI MOJKHO HAfTH BEKTOP CKOPOCTH JACTHUIG! B

t
10001 MOMeHT Bpemenu: |V(t) =V, + f adt| . B mpoekuusax Ha OCH KOOPJMHAT 3TH YPaBHEHUS HMEIOT BT
0

dv, _d?x dvy d2 dv, d% t t t
x = dtx YT TE e =—£=—0. Vy (1) =v0x+£axdt, vy(t)=v0y+£aydt, vz(t)=vOZ+£azdt

Monynem (BEIHIHHOM) CKOPOCTH U YCKOPEHHSI OyIyT |V =, [V)Z( +V§ +VZ2 u |a= ,/a)z( + af, + az2 .

3aoanus.

1) HauanbHast ckopocTh YacTUIlbl paBHa Vg = =161 — 9] , a yckopeHHe MeHseTcsl BO BpEMEHH 110 3aKOHY a = 430 + &2 [J . Ye-
PEe3 CKOJIBKO CEKYH]] CKOPOCTh YaCTHIBI OKaXETCs MEPIEeHANKYIIsIpHOi ocu Oy ?
Ortsert: yepe3 1,5¢.

2) LIepe3 CKOJIBKO CCKYHJI YCKOPCHUEC YaCTUIIbI 6y,ueT NEePOCHAUKYIIIPHO OCH Y, €CIIM paJnyC-BEKTOP YaCTHUIIbI 3aBUCUT OT BpEMe-

3 4 6
HU T10 3aKOHY F(t)=i—m[£] +T B(lj —A[ij +R[G:E$incot, T=1lc, A=B=C= lM,OJ:TE/Z pan/c.
T T T

Ortser: 0,632¢

3 2
3) CkopoCTh YacTHIIBI 3aBHCUT OT BPEMEHH 10 3aKOHY V (t) =i DA(E] +7] EB(EJ ,rne A =B = 1wm/c,T =1 c. Yepes cKOIBKO
14 T

CeKyH/I yCKOpPEHHUE YacTHIBI Oy et HarpasieHo nox yriom 30° k ocu y?
Ortset: 0,385¢

4) Yactuma JBIKETCS M0 3akoHy T(t) = At +T(Bt -Ct 2) +KE , rae A =50m/c, B=200m/c, C =25m/c?, E=100m. Haii-

TH YTOI O MeXIy BEKTOpaMH CKOPOCTH B YCKOPEHHS YaCTHIEI B MOMEHT BpeMenH t = 3 C. [lonyunTs ypaBHEHHE TPAaeKTOPUH
YaCTHUIIBI M YKA3aTh MMOJIOKCHUE YACTHUIIBI HA TPACKTOPHH B MOMEHT Bpemenu t = 3 C.

Otset: 0 =135; y=Ex—£x2 -- mapa6ona.
A A2

5) Kamens 6pocunu o yriaom O = 45° K rOpu3oHTY ¢ Ha9aabHON CKOPOCThIO Vo, = 10M/c ¢ Bepimnnb! Oaman. Kamens yman Ha
3eMImo Ha paccTostHur S = 30M oT moaHoXkwMs 6aursu. Kakosa Beicota h 6anrsu? [punsts g = 10M/c%
Otget: 60M.

6) Marnenbkas JIATYIIKa HAXOAUTCA Ha paCCTOAHUN | = 1M oT cTeHKH U IpBITACT C HadaJbHOM CKOpPOCTBIO Vg

= 4 m/c. CTeHKY KaKoii HaHGOIBIICH BBICOTHI MOXKET IepelphIrHyTh Jisrymika? [Ipuasrte g = 10m/c 2
2 2
\% I
Ortset: h =Y 90 _ 48,75cMm .

max —
29 2v,?
6) B moment t = O map “2” HaumHaeT najgaTh 63 HAYaIbHOM CKOPOCTH C BEPTUKAIBHOIO 0OphIBa, a map “1” 4 ¥
HAYMHACT CKOJIB3UTH C TIOCTOSHHON CKOPOCThIO V = 10M/C 10 TOPH30HTATIBHOI MOBEPXHOCTH MO HAMPABIIe- 2

HHIO K mrapy “2". TpeHue otcyTcTByeT. HeMy OBLIO paBHO MepBOHAYANBHOE pacCcTOsIHUE | Mex Iy mapamu B
MoMeHT t = 0, ecim u3BeCTHO, uTo mmap “2” OyneT HaXOAWTHCS Ha HAMMEHBIIIEM pacCTOSHUNU OT miapa “1”
CITYCTSI IPOMEXKYTOK BpeMeHH t =2 ¢ rocie Hauaa asmkerns? [puusts g = 10m/c?,

Ortser: | = 60m

4.5. 3a0auu kunemamuxu O8UNCEHUSL C MEHANWUMUCA CO 8PpEMEHEM CKOPOCMbIO U YCKOPEHUEM.

IIpumep: B citydae paBHOYCKOPEHHOTO JIBIDKCHUS &y = CONSt momydaem

t t 2
a,t

Vy =Voy +ay[dt =vo, +agt ; X=Xo+[(Vox +ayt)dt =Xg+vget+ X2 :

0 0

3aoanus:

1) B navansueiii Moment t =0 YJacCTulla HaXOWJIaCh B Ha4aJIC KOOpAWHAT U HMMCJIa HaYaJIbHYIO CKOPOCThH \70 = —jVO , TJC
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Vo= 2,5m/c. [lanee yacTuma ABHUrajach ¢ yckopenneM a= iAt+ B, rme A = 3m/c 3 B = 1wm/c? Ha xakom YIAJIEHUH OT
Hayasia KOOPJHHAT OK&XKETCS YacTUIla B MOMEHT BpeMeHd t =2 ¢ ?

Otmeer. |=5Mm

2) YacTuna Havasa cBOE JBM)KCHHE M3 Hadaja KOOPAUHAT C HAYaIbHOH CKOPOCTBIO Vg = (T - ) [A ¥ Cc yCKOpEHHEM, KOTOpPOe

2

~ - t

3aBUCHUT OT BPEMEHU I10 3aKOHY a(t) =] EB(—) ,tae A = 2mlc, B=3m/c?, T =1 c. Uemy paBHA BeTHUHHA CKOPOCTH YACTHIIB B
T

MoMeHT BpeMenu t =1 c?
Ortser: 2,24M/c.

4.6. Hopmanvnoe u maneenyuanivHoe yckopenue. Paduyc kpususnvl mpaekmopuu. 3a0ayu KUHeMAMuKy KpUGOIUHeUH020
HOCMYRAMENbHO20 OBUIICEHUSL.

n

CBsKeM C IUTOCKOH TpaeKTOpHeH NBIKCHHS YaCTHIBI €CTECTBEHHYIO CHCTEMY KOOPAWHAT,
W3 B3aUMHO TEPIEHAMKYJISAPHBIX OCEH. KacaTelbHOW (EAMHMYHBIA BEKTOp 1, HANpaBIICHHBINA
BJIOJIb BEKTOPA CKOPOCTHU YaCTUIIBI) M HOPMaNH (€AMHUYHBINA BeKTOp N, HAIIPABIEHHBIN K LEHTPY

KpuBU3HBI Tpaektopun). [1o onpeneneruto T A u |T| = |ﬁ| =1. Orcrona cnenyer |V =VIT .

™
TPaeKTOPUA .
(BeKTOp CKOPOCTH BCEr/ja HAMPABICH 110 KaCATEIbHON K TPACKTOPHUH).

Uto0bl HaliTH yCKOpeHHE, BO3BMEM NPOHM3BOJHYIO OT STOTO TIPOM3BEICHHS IO BPEMEHHU

T

<

- . d, .. dv_
(BekTOp T HMMeECT EAMHUYHYIO BEIHYUHY, HO IIOBOPAYMBASLCH B MPOCTPAHCTBE, 3aBUCHUT OT BPEMEHH): a = E (v1) = E T+v—.

HepBoe cjJlaracéMo€ HarpaBJICHO IO KacaTeJIbHOM K TPACKTOPUU U HA3bIBACTCA TaHI'CHIIUAJIBLHBIM (KaCﬁTeJ’ILHHM) YCKOpPEHHUEM:

ar = dVT E a dv

=—T71 .| Ero Momyns |a; =—
dt dt

KOpEHHE XapaKTepHu3yeT H3MEeHEHHe CKOPOCTH 110 BeJTHYHHE.

BTOpOe cjJJaracmMoce HaHpaBJ‘[eHO 10 HOpMaJ'II/I K TpaeKTOpI/II/I, XapaKTepH3yeT HU3MECHCHHUE CKOpOCTH 1o HanpaBJIeHHIO nu

paBeH MPOM3BOAHON OT BEIMYHMHBI CKOPOCTH 10 BPEMEHH, IOATOMY TAHT€HI[UAJIbHOE YC-

Ha3bIBACTCSl HOPMAIBHBIM YCKOPEHUEM: |8 =V—— =—.| 3nech R— pamuyc oKpyKHOCTH, KOTOPYIO MOKHO BIIMCAThH B TaHHYIO

KPpUBYIO JIMHUIO TPACKTOPUMU. OH Ha3bIBaCTCA PAJWYCOM KPHBHM3HEI TPACKTOPHH. MO[[yJ'IB HOPMAJbHOI'0 YCKOPCHUSA PABCH
V2
=-— (3aMeTI/IM, YTO B CIy4Yac ABMIKCHUSA YACTUIIBI IO OKPYKHOCTU — 3TO XOPOMHIO M3BECTHOC HEHTPOCTPEMUTEILHOC YCKOPEC-

HHE.)
Takum 06pa3oM, TOJTHOE YCKOPEHNE YaCTHIBI & BCEra MOXKHO Pa3ioKHTh Ha JABE COCTABISIO-

<

Paextopna T AT

N Iye. TAHTeHINAIBHOE YCKOPEHHE &; W HOPMaJIbHOE YCKOPEHHUE 8y, . |a = da; + 8y, |, IpuIeM BelIndu-

Ha (MOJyYJb) MOJHOTO YCKOPCHHS |a = \/arz + aﬁ . B wacTHOCTH, NIpY ABMKEHUM YAaCTHIIBI IO IPSMOM

\
%\< -3 F guHmn R oo, &8,=0 u @&=8&;. A npu paBHOMEPHOM JBIKCHHM YaCTHUIBl 10 OKPYKHOCTH
ant— . .

\ 8, =0 n a=4,.
0
3adanus:
1) Io xakoii TpaekTopuu OyIeT ABUraThCs 4acTHIla B ciiydae a; >0 u a, = const? v

2) Ha pucyHke cripaBa u300paskeHa IIockas KpuBas, Ha3piBaeMasi KJIOToU10# (cnupaisio KopHio). Touka A
JIBUKETCS BJIOJIb 3TOM KPUBOH B HAIIPAaBICHUHU, YKA3aHHOM CTPEJIKOIl, C TOCTOSHHOM 10 BETHYUHE CKOPOCTHIO. 0 X
YTo NpOUCXOUT NPH ATOM C BETMYUHOHN €€ IMOJTHOTO YCKOPEHHUS ?

3) CkopOoCTh YaCTHIIBI H3MEHSETCS BO BpeMeHH 110 3akoHy V =2t [ + 3 [J . Bo ckosbKo pa3 6yayT OTIMYATHCSA BETMIUHBI TaH-

TCHIIMAIBHOTO YCKOPEHHSI YaCTHI(BI B MOMEHTHI BpeMeHn ) =lcwu tp =2¢?

4) MarepuaibHas Touka M cBOOOIHO 0€3 TPEHUS CKOJIB3UT B TIOJIE CHJIBI TSDKECTH IO TIAJAKMM CTEHKAM CHM- A MAB
MeTpu4HOii siMbl (A n B —HauBbIcHIHe TOUKH morbeMa). Kak HampaBiieH BEKTOP MOJHOTO YCKOPEHUSI MaTepPH- 0
AJILHOM TOYKH B Toukax A, B u O?
5) Kamens OpocHin MMojx yTIIOM K TOPU30HTY CO CKOPOCTBIO V(. ETo TpaekTopus B ogHOpOgHOM l{g .
- Vv

OJIe TSKECTH M300pakeHa Ha pucyHke. COMPOTUBIICHUS BO3IyXa HET. UTO MOKHO CKa3aTh O A .
HOPMaJIbHOM @, U TaHI'€HIIMAIbHOM 8; ycKopeHMsX Ha yyactkax AC u CE? Byner nu ux Bemu- B D

A 1=
YUHA PAcTU WIX yMeHbIIaTbcs? UeMy paBHBI @, U a; B Touke C? UTO MOXKHO CKa3aTh O 3HAKe v

MIPOESKINH TAHTCHIINAJIHHOTO YCKOPCHHS Ha HampaBJieHue T ?
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6) YacTuliia U3 COCTOSIHHS IMOKOS Hayayia ABUTaThCs MO AYTre OKPYXKHOCTHU pajuyca R=1wMco CKOpPOCTBIO, MOYJIb KOTOpOﬁ

2 .
3aBHCHUT OT BpeMeHH 110 3akoHy V = Allt/7)”, rme 7 =1 ¢, 4 = 2 m/c. Haiiti TaHreHC yriia MeX Iy BEKTOPOM ITOJHOI'O YCKOPCHHUsI
P y y y P yCKOp

U BEKTOPOM CKOPOCTH YaCTHII, & TAK)KE OTHOIIEHHE HOPMAJILHOTO M TAHT€HIIHAILHOTO YCKOPEHHS YacTUIIBI uepes Bpems t = 2c.
Ortsertsl: 8; 8

7) Ky3HeUnK IpHITaeT ¢ HeKOTOPOH HAauaIbHOH CKOpocThio oy yrmoM o = 60° k ropusonty. OmNpeaennTs paanyc KpUBH3HEI €T0
TPAaeKTOPUH cpa3y MOocie MPBDKKa, €CIM B BEPXHEH TOUKE TPAaeKTOpHsI UMeeT paanyc KpuBu3Hsl R = 40cwm.
Otmser: R(t=0)= R/codu =3,2m.
8%) YacTua, ABHKYIAsCS ¢ HEGOMBIIONH CKOPOCTBI0 Vo MO OKPY)KHOCTH pajamyca R , HAUMHACT yCKOPATBCS TAK, UTO BENMUHHA
€€ TaHTeHIIMAJHLHOIO YCKOPEHHs paBHA BEJIMYMHE HOPMAJIBHOTO ycKopeHus. HalTu 3aBUCHUMOCTH CKOPOCTH YacCTHUIIBI OT MpPOM-
JIEHHOTO TYTH U OT BpEMEHHU.
. — Y. -_—
OtBer: V=Veexp(s/R}; v=VyR/(R-Vv,t), rme t<R/y,.

3anstue 10. Tema: KunemaTuka BpamaTeabHOTO ABUKCHUS

5. KHHEMATHUKA BPALIIATEJIBHOI' O JIBHJKEHHUAL.

5.1. Vanosvie kunemamuueckue nepemennoie. Bekmopul yena nosopoma, y2iogoti cKopocmu u y2iogo2o yckopetus. He-
A0OUMUBHOCIb HOBOPOMOE OMHOCUMENLHO PASHBIX OCEU 6PAUECHUSL.

5.2. 3asucumocmo yena nosopoma, y2nogoii CKOpoCmu u y2io6020 YCKOPEHUs: 6 Cyuae NPOU360IbHO20 6PAUAMEIbHO20
O8UdICEHUsL BOKPY2 HeNn008UdCHOU ocu (UCOb3068aHUe NPOU3EOOHON U UHMEZPALA 6 340aHaX KUHEMAMUKU 6PAUAMENbHO20 O6U-
JICeHUst).

3a Bpems dt mpowmcxomut moBopoT Teda Ha yron d¢ . I[ToaTroMy BMeCTO JTHHEHHBIX XapaKTepH-

3yeTcs BEKTOpOM yrita moBopota d@ , HampaBIeHHBIM 10 OCH BpAIIEHUS 110 IPABUITy IPABOTO BHHTA.

_._dd
BI)ICTpOTa HU3MCHCHUA yTJIa HOBOPOTA XapaKTECPU3YyETCA BEKTOPOM YIJI0BOW CKOPOCTH W= E y

HalpaBJICHHBIM TaK K€, KaK U BEKTOP dqj , T.€. IO OCHU Bpalll€HUs IO MpaBUy NPaBOro BUHTA.

it

MPaBbI . N
dy i CTHK BBOJSITCS YIJIOBBIC XapaKTEPUCTHKU: IOBOPOT Tella Ha GeckoHewHo Manslit yron dd xapakrepu-

Y
Eme oxgHa kMHEMaTHYECKas XapaKTEePHUCTHKA BPAIIaTEIbHOTO ABIDKCHHS — BEKTOD YIIIOBOTO yC-
L _dm» .
KopeHus:| € T BexTop yrioBoro ycKOpeHHS COBIIaJacT IO HAMpPAaBICHHUIO C BEKTOPOM YTIIOBOH

CKOPOCTH TIPH YCKOPEHHOM BpAIICHIH M IIPOTHUBOIIOJIOKEH MY ITPH 3aMeJICHHOM BpaIICHUH.
3ameuanue. Ecnu NOMEHATh MECTaMH MOPSIOK IBYX HEepEeMEIICHHUH, To pe3yabTaT He U3MEHHTCS: 1+ =T, +T, a pe-

3yAbTaT CIIOKEHHS ABYX KOHEYHBIX YIIIOB MOBOPOTA (IBYX MOCIEIOBATEABHBIX BPAIICHMUIT) 3aBHCUT OT UX Topsiaka (0T mocieso-
7 BaTeIbHOCTH BpameHuit): §; +§, # §,+$,. Hanpumep, paccMoTpuM aBa MOCIETOBATEIBHBIX T10-

a), %
1 AN o
%‘ = y = BOpoTa mpeamera (CTyna) mo 4acoBoii cTpeske Ha yron Tt/ 2. Ha puc. a m300pakeH BHayase 1o-
v @ BOPOT CTyJIa BOKPYT OCH X, a 3aTeM — BOKpPYT ocu Z. Ha puc. 6 cTyn BHagaie BpaIaroT BOKPYT
X x ocu Z, a3areM —BOKpYT ocu X . KOHeuHbIe MOJ0KEHHS CTyJIa 3aMETHO OTIMYAIOTCSI PYT OT JPY-
6), 1
X

7
ra, T.e. § sBIsIETCS HEOOBIYHBIM BEKTOPOM. TeM He MeHee, OECKOHEYHO Majble YIiIbl MOBOPOTA

MOXHO cknajbiBaTh BektopHo: df; +dd, = df,+df,, Tak kak npu M3MeHEHHN TOPsIIKA CIOXKe-

HUSI OECKOHEYHO MaJTbIX BEKTOPOB Pe3yibTaT OyIET OTINIATHCS Ha Oec-
KOHEYHO MaJIyl0 BTOPOTO IMOpsJIKa O( (do)? ) , KOTOPOH MOHO TIpe-
HeOpeub. IloATOMY MOXXKHO CKJIQAbIBaTh BEKTOPHI YIJIOBOH CKOPOCTH M YIJIOBOTO YCKOPEHUS:
G)pes :G)J.+G)2! épe3 :§1+§2-

TIpumep: TUCK KATHTCS TI0 KPYTY TI0 TOPU30HTAIIBHON IUIOCKOCTH, COBEpIIAs BPAICHHE C YIIoBoii cko-  ( ( (J D
pocThI0 () BOKPYT CBOEH COOCTBEHHOW OCH M C YTITIOBOH CKOPOCTBIO (), BOKPYT BepTHKaJIbHOI ocu O. e

Pa3zMepHOCTH YIIIOBBIX BEIHYUH: [cl)] = panm, [oo] = pan/c = ¢, [8] = paﬂ/c2 =c?. Yrox noBopota B cuctreme CH Heo0-
XOMMO 32/1aBATh B PaHaHAaX.

B HpOCTefIIHPIX ciry4dasx, 0COOEHHO Ipy BpalllCHUU BOKPYT 3aerHﬂeHHOﬁ 0OCH, MOKHO OI'paHUYIUTHCA MPOCKUUAMHU YTIIOBBIX

dé dw, _d?%
(A)Z =— y SZ =—= _2 .

dt dt  dt
Kak 1 B ciiydyae KHHEMATHKH IOCTYATEILHOTO ABMKCHHUSI, MOXKHO PEIINTh OOPATHYIO 3aa4y, U M0 M0 3aJaHHOMY KaK (YHKIIHS
BPEMCHH YITI0OBOMY YCKOPCHHUIO €, = £,(t) u HawansHeM yenoBusaM (W, (t=0)=wy u ¢t =0)=¢,) c HOMOIIBIO HHTETPATIOB

BCEKTOPOB Ha OChb BpalllCHUs, BAOJIb KOTOpOﬁ HaIpaBISAOT OCh Z:
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t
O(t) = bo + [ 03, (t) .
0

t
HalTH KHHEMAaTHIECKUI 3aKOH BPAIICHHUS: Wy (t) = wy + j g, (t)dt
0

Ipumep: HOpMyIBI paBHOIIEPEMEHHOTO BpaleHus (€, = CONSt) aHaOrn4HbI HOpMyNIaM paBHOYCKOPEHHOTO MOCTYIIATEIIb-

HOTO IBIKCHUS: W, =Wy +&,4, ¢ =¢p +wgt +Ezt2/2.

3adanus. , ®,0 5
1) /Tuck BpamiaeTcst BOKpYT CBOEH OCH, H3MEHSsI MPOEKIMIO CBOEH YIIIOBOM CKOPOCTH TaK, KaK Io-
Ka3aHO Ha pHCyHKe. Ha Kakux ydacTkax rpauka 3aBHCHMOCTH Wy, (t) BEKTOP YIJIOBOM CKOPOCTH 0 B D ¢
() HampaBJieH IPOTHUB OCH Z ? o
€z, pa/c? 2) TBepaoe TeI0 U3 COCTOSHUS TIOKOSI HAYMHAET BPAIATHCS BOKPYT
2 | ocH Z ¢ yIIIOBBIM YCKOPEHHUEM, TIPOEKIMsI KOTOPOTO H3MEHSETCS BO BPEMEHH, KaK MOKA3aHo Ha
0 \ 107] rpaduke cieBa. B kakoif MOMEHT BpEMEHH YIIIOBas CKOPOCTH BPAICHUS TeJa JOCTUTHET MaKCH-
12V ale 8/ ¢ wmanbHOI BenmuanHE?
2 \\ ., pan/c
4 L 4
”\ JiL
3) TBepmoe TeI0 HAYMHACT BPAIATHCS BOKPYT OCH Z € YTIIOBOM CKOPOCTBIO, IPOCKITHS KOTOPOi ETARARARY
M3MEHSIETCS BO BPEMEHH, KaK MOKa3aHo Ha rpaduke crpasa. B Kakoil MOMEHT BpEMEHH YIoJl Mo- O34 T8 TS ol
{2 1 410 1 & 11U ] C
BOPOTAa Tella OTHOCUTENHLHO HAYAIBHOTO MOJIOKEHHS OYIeT MAKCUMATbHBIM? RN
g 2 N
z. paw/e 4) B HauanbHbIH MOMEHT BpeMenn t = O TBep1oMy Telly NpUIAIH YIIIOBYIO CKOPOCTh W, =4 pam/c

4 BOKPYT OCH Z U B JaJIbHEHIIEM TEJIO UCTIBITHLIBAET YIJIOBOE YCKOPEHHUE, TIPOEKIIUS KOTOPOTO U3MEHS -

s eTCsI CO BPEMEHEM, KakK TI0Ka3aHo Ha rpaduke ciieBa. B kakoif MOMEHT BpeMEHHU yTOJI TIOBOPOTA Tela

o 107 OTHOCHTEJIFHO HAYaJIbHOTO MOJIOKEHUS OyIeT MaKCHMATBHBIM?

i |2W4 ;6‘:,,5‘4 it e
2 | :
[T

5) Jluck BpaIaercst ¢ yriioBol CKOPOCTBIO, 3aBHCHMOCTE OT BpEMEHH KOTOPO#t 3amaetcs rpadukom. Haii-
TH MaKCHMAaJbHBIN yroJ moBopoTa aucka (B paauanax) B uaTepsaje BpeMenu oTt= 0o t =4 ¢, ecnu
Omax = 2 c_l, a Tak)Ke yroJi, Ha KOTOPbIN TTOBEPHETCS JAUCK B MOMEHT t =4 C.

OtBert: 3pan, 2pan.

6) duck pagnyca R =1 M Hayan BpamaThcsi BOKPYT CBOCH OCH Tak, 4TO YTOJ ero IIOBOPOTA 3aBHCHT OT BPEMEHH IO 3aKOHY

3 5
t t
P = A[—j - B[—j ,ne A = 20pan, B = 3pan, T =1 c. Yepes CKOIBKO CEKYH TUCK OCTAHOBUTCS ?
T T

OrtBer: yepes 2 c.

7) Muck paguyca R =1 m Hayan BpaImatsCcs BOKPYT CBOCH ocr 0€3 Ha4aabHON CKOPOCTH C YIJIOBBIM YCKOPEHHUEM, 3aBHCSIIIMM OT
7
t o
BPEMEHHU I10 3aKOHY £ = A[—j e A = 36pan/c?, T =1 c. Ha kaxoii yron (B paguaHax) oH MoBepHeTCs 3a Bpemsi t =1 ¢?
T

Otser: 0,5pan.
8) Kosreco HaunHaeT BpamaThCst BOKPYT CBOEH OCH C YITIOBBIM ycKopeHueM € =4 pan / c?. Uepes kakoi MPOMEKYTOK BPEMEHHU
YTOJI MEXIY BEKTOPOM CKOPOCTH M BEKTOPOM YCKOpPEHHS TOYKH Ha 000/e Kojeca CTaHeT PaBHBIM O = 45 2
Otser: uepe3 0,5 cC.
9) PaBHO3aMeUIEHHO BpAIIAOIIUICS IIKUB MOBEPHYJCS HAa yron ¢ =4 pax K TOMYy MOMEHTY, KOTJa €ro yriioBas CKOPOCTh
YMEHBIIHUIACh B TpH pasa. Haiiti BenmuuuHy yrioBoro yckopenus mkusa. Ero HauaneHas CKOPOCTh ®g = 6 pan/c.

OtBeT: €= 4(002/94) = 4pan/c?.

®,, pag/c
4 10) Tesnto HaYMHACT BpALIaThCS BOKPYT OCH Z C YIIIOBOW CKOPOCTBIO, POCKIHUS KOTOPOH H3MEHSI-
eTcsl BO BpEMEHH, Kak IoKa3aHo Ha rpaduke ciea. Ha kakoi yroja OTHOCHTEIBHO Ha4alIbHOTO HO-
2 JI0)KEHHSI OKa)KETCsI TOBEPHYTHIM TeJIo yepe3 8 ceKyHn?
0 8 110 Otsert: 10pan.
L1l21416 t, ¢
S




31
5.3. Csa3b kunemamuueckux NEPEMEHHBIX nPpU NOCmMynamejibHoOM U epauyamelbHom O0BUIICEHUU.

oY PaCCMOTpI/IM MMPOU3BOJIbBHYIO TOYKY B TBEPJAOM TECJIC, KOTOPOC Bpalla€TCsA BOKPYT 3aerHJ’IeHHOﬁ
ocu. U3 PpUCYHKAa BHUJIHO, YTO BCJINYHWHA OCCKOHEUYHO MaJioro MEepEMCIICHUSA (I/IJ'II/I HyTI)) TOYKH 6y,ueT

paBeH |dF| =Rd¢ =r sinBd¢ . 310 BenmunHa BekTOpHOTO Npou3BeAcHus OF = [dQS , F] . Paznenus sty

a | dd
OpMVYJy HOYJICHHO Ha dt , IonyyuM — = —, T 70051 W, ri|. JTO CBA3b JIUHENHON U yrI-
- o [ % ;

JIOBOM CKOpOCTefI. Benuuunel 3THX CKOpOCTeﬁ CBA3aHbI MMPOCTHIM COOTHOLICHUEM m, rac

R — pacCTosIHUEC OT BBIZCJICHHOM TOYKH JO OCH BpalicHus.

1 . __av _|(do . ar
B3siB mpon3BoIHYIO OT 3TO# (OPMYJIBI IO BpEMEHH, MOJNyYuM d =— =| —, T [+ | ®, —

X dt dt dt

unu a= [ﬁ, F] + [G), \7] . IlepBoe cnaraemMoe HaIpaBIEHO IO KacaTeIbHON K TPACKTOPUU U ABISETCA TAHTCHIUAIBHBIM YCKOPEHU-

eM . Ero BennumHa cBsizaHa ¢ BEIMYMHON YITIOBOT'O YCKOPEHUs! (hopMyIion .

Bropoe cinaraemoe HalpaBIeHO K LIEHTPY BPAIEHUS U SABJIAETCS HOPMaJIbHBIM YCKOPEHUEM: |8, = [G), [G), F]] ,

BennunHa HOPpMaTbHOTO YCKOPEHHsSI CBA3aHA C BEIMYUHOM YIIIOBOI CKOpoCTH: |an =w’R= V2/ R| . [lonHoE ycKOpeHue npu Bpa-

IICHWH YaCTHIIHI IO OKPYKHOCTH ¢ pagmycoM R mmMeer BenmmunHy a = \/ aT2 + aﬁ = R\/ g2 +w?.

B Ilpumep: KaueHHe Kojeca CO CKOPOCTBIO V 0e3 MpOCKaib3bIBAHUS MOXHO IIpel-
N F T//'? CTaBUTH B BUJIE CYMMBI JABYX ABHMXEHHH, IIOCTYNATEIBHOIO CO CKOPOCTHIO V U Bpamia-
s <= < ’_’%: + R TEJIBHOTO C YIIIOBOH CKOPOCTBIO W=V/R BOKpyr ocu kojeca. [Ipi 5TOM HIDKHSISL TOUYKa
T v v koyeca HenojBmkHa (V, =0), T.e. clemieHa ¢ JOporoi, a CKOPOCTb BEpXHEH TOYKH

Vg = 2v . Ecin xoneco OyzmeT ObICTpee ABUraThCsl MOCTYIATEIBHO, YeM BpaIaThCsi, TO OHO

HAYHET MPOCKAJIB3bIBATh (CKOPOCTH TOYKH A Ha pUCYHKe OymeT HampaBieHa BhpaBo). [Ipu Gosiee OBICTPOM BpAIICHHH KOJIECO
NMPoGYKCOBbIBaeT (TOUKa A ITBHKETCSI BIICBO).

3aoanus.
1) Yemy paBHA BeTMUMHA CKOPOCTH CaMOM JIEBOM TOYKH KaTSIIErocs 03 MpOCKaab3bIBaHUs Kojieca (CM. pUCYHOK BBIIIIE) ?

2)YacTHia JBUKETCS BIOJIb OKPYKHOCTH ¢ PaanycoM 1M B COOTBETCTBUH ¢ ypaBHeHHeM (1) = 2T[(t4 43+ 6t2-12+ 21) ,

rie ¢ —yroxn B panmanax, t — Bpems B cexynmax. B kakoii MOMEHT BpeMEHH BETMYHWHA TAHTEHIMANBHOTO (KACATETBHOTO K TPa-

€KTOPUH) YCKOPEHUS YaCTHIIbI OYIeT MUHUMAITbHA?
OtBer t=1c.

3) YacTuia ABMXKETCS [0 OKPYKHOCTH ¢ paguycoM R=10 cm B cooTBeTcTBHH ¢ ypaBHeHneM (t) = 2T[(t3 —4t°+ 6t - 1a , TIIe

¢ — yroxa B paguanax, t —Bpems B cekyHIax. YeMy paBHA BEJIMYMHA CKOPOCTH YaCTUIBI B MOMEHT BpeMeHu t =3 ¢?
Otser: 5,65M/c.

4) Yacrtuia U3 COCTOSIHUS TTOKOsI Havaa JIBUTAThCs 10 Ayre oKpykHocTH paanyca R=10cM Tak, 4T0 yrosi HoBopoTa 3aBUCHT OT
t 7
BPEMEHH T10 3aKOHY @ = A - | »rne A= 1pan, T =1 c. HaiiTu TaHTeHIIMATBPHOE YCKOPEHHE YacTHIIBI yepe3 Bpems t =1c mo-

cJIe HayaJla JBUKCHHS.
Otsger: 4,2Mm/c2.

5) YacTuia ABHXETCS MO OKPYKHOCTH ¢ paguycom R=1 M B cooTBeTcTBHH ¢ ypaBHeHueM ¢(t) = 2T[(t3 ~ 4t + 6t - 1é , TIe
¢ — yroxa B pagnanax, t —Bpems B cekyHIax. UeMy paBHa BeJIMYHMHA [TOJTHOTO YCKOPEHHUS YaCTUIIEI B MOMEHT BpeMeHH t =2 ¢ ?
Otser: 160Mm/c?.

6) [TokouBmIasicst YaCTUIIA HAYAIa JBUIATHCS MO JIyre OKPYKHOCTH paguyca R=16cM ¢ yrioBbeIM YCKOPEHHEM, KOTOPOE 3aBHCHUT
7
OT BPEMEHHU TI0 3aKOHY € = A < HaiiTi HOpManbHOE YCKOPEHHE YacTHIb! depes Bpemst t =1c, ecmm T=1 c. 4 = 3¢™2

Ortsert: 2,25m/c?.

7) lokouBmIeecs KOJIECO HAYHHACT BPAIIATHCS PABHOYCKOPEHHO BOKPYT CBOCH OCH, 1 3a BpeMs t = 2,5 Cero yrioBasi CKOpoCTh
nocturaer Bemmunasl o = 0,3pan/C, a yckopeHue ToukH Ha 060/e Koneca cTaHoBuTCs paBHbM @ = 0,06u / ¢ % Haiitu paguyc

Koyeca? Ortser: 40cMm .



8%) Komeco pannyca R= 0,5M paBHOMEPHO BpAIIACTCs BOKPYT 3aKPEIUICHHOMN ropr3oHTansHo ocu O. Cko- -
POCTh TOYKH Ha 000/1€ Kojieca mpu 3ToM paBHa V = 5m/C. Ha kakoii BeicoTe H HaJl ypOBHEM OCH JOJI)KHA OTO- AN
pBaThcs 0T 000/1a KoJIeca MPUIIKIIIIAS KATlis BOJIBI, YTOOBI B3JICTETh HAJ KOJIECOM Ha MaKCHMATbHYIO BBICOTY? \[H
punsits g = 10M/c2

Otget: 10cMm

9%) Koneco panuyca R kaTiTCs 63 CKONBKEHHS [0 TOPH30HTAIBHOM IIOCKOCTH C HOCTOSHHOM CKOPOCTHIO V. B

HavaJbHbIH MOMEHT BpeMeHH fp = 0 Touka A Ha 060e Kolieca COMpUKacanach ¢ MmIockocThio. HailTi ckopocTh
¥ rtoukum A B Momentsl Bpemenu: a)t==%=0; 6)t=nR/N; B) t=7R/(2v); r) t=nR/(3Vv) .
v OtBeT: aA)VA=0;06)VA=2V;B) Vo= V2v; r) V, =2vsin (Vt/2R)= v.

3anstue 11. Tema: 3akoHBI TUHAMHUKHN TTOCTYIATEILHOTO JTBHKEHUS

6. OCHOBbI JTUHAMHUKHU IIOCTYIIATEJIBHOI' O JIBVPKEHUA

6.1. Ilepewiti 3axon Hvlomona u cyuwjecmaoganue uHepyuaibHblx CUCmemM omcyemd.

6.2. Ilonsamue o mamepuanvroi moyke. Munynvc.

6.3. Cunbr 6 3a0auax MexaHuKku. Cula MANCeCmu, 6ec, CUIAd HOPMAIbHOU pPeaKyuu, Cuid Ynpyeocmu, Cuid mpeHus
CKOIbIICEHUSL U MPEHUst NOKOSL, CULA 63K020 MPEHUSL.

6.4. Bmopoii 3axon Hetomona (ypasnenue 08usicenust 05t MAmMepuaibHOU MoYKuU).

6.5. Tpemuii 3axon Holomona u yciogus e2o npumMeHuMOCmu.

MatepuanbHOe T€I0 ¢ Maccoif M, pa3MepaMH KOTOPOTr0 B JAHHBIX YCJIOBHAX MOKHO IpeHeOpeyb, Ha3bIBAaeTCS Ma-

TepUaTbHON TOYKOH. [IBUKeHHE MaTepruaIbHON TOUKH XapaKTepU3yeTcsl BEKTOPOM UMITYJIbCa . Bxogsmas B 3T0 BBIpa-

JKCHHE Macca XapaKTepH3yeT CBOMCTBO TeJla COMPOTHBIATHCS H3MEHCHHIO CBOETO ABMKCHHSI — HHEpInio. YeM Oobiie M, TeM
TpYAHEE YCKOPUTH MM 3aTOPMO3HTH TEJO.
3aoanue:
1) npu KaKKMX YCIIOBHSIX MaTE€PHAIBHON TOYKOM MOKHO HIIH HEJIb3S1 CYUTATH OTACIBHBIN aToOM? 4e0BeKa? IUIaHeTy?
2) 1Ba OJMHAKOBBIX IJIACTHIIMHOBBIX IIapa CKOJIB3SAT C OJAWHAKOBBIMHE IT0 BEJTMYHUHE CKOPOCTAMH V U CTAIKHBAIOTCS APYT
¢ IpyroM. MOXKHO JIM 3aIMCaTh JUIA X UMIYJILCOB PaBEHCTBO MV + MV = (M+m) V', (V'= X CKOPOCTb IOCIIE CTOJIKHOBEHHS)?

[puunHO# TH060TO U3MEHEHHUS UMITYJILCA WITH U3MEHEHUsI IBHXKEHUSI MATEPUATLHON TOYKH (MK (PU3UUECKOTO Telia) sB-
JIsSileTCsl B3aUMOIEUCTBHE C IPYTUMU TesaMu. KolnuecTBeHHYI0 Mepy TaKOTO B3aUMOACHCTBUS HA3bIBAIOT CHIION. B pa3HbIX ciy-
9asiX OHO MPOMCXOJHUT MO-Pa3HOMY, IO3TOMY CYIIECTBYET MHOKECTBO BH/IOB CHJI, M Ka)KJBIH BHJI OITMCHIBAETCS CBOMM CHIIOBBIM
3aKOHOM. PaccMOTprM cHitel, HanOoJIee YacTo BCTPEUAronIiecs B 3aa4ax MEXaHUKH.
1. 'paBurtannonHas cuia (Cuia NPUTSHKEHHUS MEXIY ABYMsI YaCTHIIAMU) OTIPEACISIETCS 3aKOHOM
- mm, _ ~
2 BceMHpHOro TsaroteHus HproToHa Frp = —G—zer , TAe €, — eIMHUYHBIN BEKTOp, Ha-
(e

HpaBﬂeHHLIﬁ BJI0JIb TUHUH, COSUHSIONIEH yacTulpl. Eciaun JacTuuy m2 INOMCECTHUTH B HaA4YaJ1o

B MMy A
KOoOpAuHAT 0, TO 3TOT 3aKOH NPUMET BUJ. F[.p - —G—er , Tac er -

r2

= |=

I'paBUTALMOHHYIO CHIly NPHUTSDKCHHS YaCTHUILBI IUIAHETOH 3alMCBIBAIOT Takke B Bune (F ., =mg|, rae § — yckoperue cBo-

6oHOrO MajeHus (g = 9,81M/C2) .
2.Bec — 3TO BepTHKAIbHAS CHJIA, C KOTOPOH TEJI0 JSHCTBYET Ha OMOpPY MM TMoaBec. Kak mpaBuio, oHa 1Mo BeJIH-

¢ X
‘ g | yiHe paBHa cuie N HOpMaTbHOU pEakIiK OMOPHI.
Ipumep: B cBOOOAHO MajaroIieM JUQTE BeC MacCaKUpa paBeH HYIO (COCTOSIHUE HEBECOMOCTH), XOTS Tpa-
%,, BUTAIIMOHHAS CHJIA TSKECTH MJ Ha HEro MO-MPeKHEMY JIEHCTBYET. y
>~ 3.Cuia ynpyrocTu onpeaeisiercs 3akonom ['yka: |F yip X = -k AX|, rme AX — - S =]F,\,ﬂp
! T
mg | cMemleHHe TOUKH MPUIOKEHHUS CUITBI OTHOCUTEIILHO MOJIOXKEHHsI paBHOBecHs, K — X

k03¢ ¢unnent sxectkoctd. CTporo roBops, 3akoH ['yka gefcTByeT TOJIBKO NP Ma-

TBIX JeGopMaIusIX:. A}{ <<1. OpHako, CyIeCTBYIOT CHJIbI, HE CBSI3aHHBIC C eopManueit ynpy-
0

Toro rejia 1 UMCIOIIUC 06H1Hﬁ BUI. , TAC k= const, a X —cMelieHue OT MOJ0KECHUS paBHOBCCUA (He 00s13aTenLHO

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 ycuiuneM, To BHa4YaJI€ OHO HE NMEPEMEIIACTCA U3-3a BO3HUKAIOIIECH CHIIBI TPEHUA TOKOA, HaHpaBJ’IeHHOﬁ MMpOTUBOIIO-

JIOKHO BHEITHEH cuite. JTa CHIla TPEHUS 3aBUCHT OT NpularaeMoil BHenrHei cmiel F o, #

\/ MOXET UMCTh BEJIMYNHY OT HYJIA 1O HCKOTOPOTO MaKCUMaJIbHOTO 3HAYCHUA F P max - Ecmm

F BHEILI >F Tp max:s TO TC€JIO HAYUHACT CKOJIb3UTh, 1 HA HETO YK€ NCUCTBYCT CHUJIa TPCHUA

N - v
ckombxenns F, =— UN—, wmno monymo |F., =pN|.
o %

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

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

3aHOCAa aBTOMOOWJISI TPU PE3KOM TOPMOXKEHHHU (CM. PHCYHOK CIpaBa) B TOM Cly4dae, KOTa BOIUTENb
PE3KO BEIBOPAYUBAET PYJIb BIPABO.

Korma Teno cKOJIB3UT M0 KUIKOMY CIIOI0 CMa3KH WIIH JIBHKETCS B KHUJIKOW MITH Ta3000pa3HOi cpejie, TO Ha HEero JIEHCTBYET
CHJIa BA3KOTO TpeHUs. Bo MHOTHX cllydasx e€e MOXKHO CUHTATh MPOMOPIHMOHAIEHON OTHOCUTEILHOW CKOPOCTH TeJla U HaIlpaBIICH-

HOM MPOTHB JBUKCHYISI: F s43 = —NV|, e Ko3QGUINEHT N 3aBHCHUT OT CBOICTB Cpe/ibl M Pa3MEpOB Tella.

YpaBHEHUs IBUXKEHUS, TIO3BOJISIONINE HAUTH TPAEKTOPHIO IBIXKEHUSI MaTepUANIbHON TOUKH, 3HAS IEUCTBYIOUINE HA HEE
CHUJIBI, OTIpeNIeTISI0OTCS TpeMs 3akoHaMu HpioToHa.

1-if 3akoH Hpl0TOHA MOCTYJIHPYeT CYIIECTBOBAaHUE HHEPIIUAIBHBIX CUCTEM OTCYETa, ABMXKYILUXCS APYT OTHOCUTEIBHO
JIpyra ¢ MOCTOSIHHOM CKOpOCThI0. BO BCex TakuxX cucTeMax ypaBHEHHsI IBHXKEHUS M 3aKOHBI MEXaHUKH COBEPIIEHHO OJMHAKOBBI.

2-ii 3akoH Hel0TOHA (hOpMyITHpYETCs TaK: CKOPOCTh M3MEHEHUS UMITYJIbCa YaCTHIbI (MAaTepHAIbHON TOYKH) B HHEPIIU-

dt
O6I)I‘IHO HaA3bIBAKOT YPABHCHUCM OBUKCHMU. Tak kak JacTulla UMCECT NMOCTOAHHYIO MacCy, TO NOACTaHOBKaA r) = m\7 B YpaBHCHUEC
d(mv) __ dv
_— = m_

dt dt

dp_ = =
aNbHOM cHCTEMe OTcUeTa paBHa Pe3y IbTUPYIOLIEH cuie, felcTBytontelt Ha wacTuity: | —= = F ey = > Fi .|210 ypaBHenue
i

JIBUYKCHUS IPUBOJINUT K (hOopMyJIe: =ma= Z |f|
i

34t 3akoH HeroTOHA YTBEPKIACT, UTO CHIIbI B3aMMOACHUCTBUSI JABYX YaCTHUII paBHBI 1O BEJIMYUHE, IPOTHUBOIIOJIOKHEBI 11O

HaNpaBJIEHUIO ¥ HATPABJICHBI 10 MPAMOH, coenuustontell yactuipl, T.¢. [Fjj = —F jj .| CTporo rosops, B Takoii Gpopmymuposke

9TOT 3aKOH CIIPABEJIMB TOIBKO MMPU B3aMMOJICUCTBHUHU TOKOSIIIUXCS TEN MITH TeJl, HAXOSIIUXCSI B KOHTAKTE.
3aoanus:
1) mpuBeUTE IPUMEDP, KOT/IA NP JIBMKEHUU Tl 3+ 3ak0H HploTOHA Oy/IeT HApyIIIeH.

2) Jlowmaas TSAHET IPy3 € TAKOH jKe CUIIOH, ¢ Kakoi rpy3 TaHeT yoians. OObsICHUTE, HOUYEMy TPy3 TPO-
raercsa ¢ Mecra? [loueMy nmpu ManoM yCWIIMM JIOIIAIU HE YAAETCS CABHHYTH I'PY3, a MPH OOJIBIIOM —
ynaercs? Kak Hago TAHYTh Ipy3, 9YTOOBI CABUHYTH €TI0 IPH HANMEHBIIIEM YCHIIHU?

HanpasneHne
ABUXEHUA

3)Marepuanbhas Touka M nBmxkercs o mapaboste (puc.l) B Ha-
MIPaBJICHNUH, YKa3aHHOM CTpenkaMu. [ paduK M3MEHEHHUS BETUIN-
HbI (MOyIIsI) €€ CKOpOCTH MpHBeaeH Ha puc.2. Ha puc.1 nokasano mosoxeHune To9xku M B
MOMEHT BpPeMeHH 1. YKakuTe Ha 3TOM pHUCyHKE HalpaBleHHe CHIIE, AeHcTByomei Ha Tou-  PYe1 iy
Ky M B 3TOT MOMEHT BpeMeHH ;.

0t tp t3

4) MatepuanbHast Touka M 101 IeHCTBHEM CHITBI TSDKECTH HAYMHACT 0€3 TPEHUs CKOJIB3UTh 10 TIa-
KOl MOBEPXHOCTH, CEYCHHE KOTOPOI B BEPTUKAIBHOM IUIOCKOCTH MOKa3aHO Ha PUCYHKe cieBa. B ka-

KO¥ TouKe (MM TOYKAX) MPOEKIIMS HAa TOPU30HTANBHYIO OCh X JieiicTByIOIIEel Ha TouKy M pe3ynbTu-
pyIoIeH CHITbI paBHA HYJTIO?

5) MarepuanbHas Touka M IBHKETCS IO OKPYKHOCTH CO CKOpocThio V . Ha puc.l mokasan rpaduk 3a-  Puc.1
BHCHMOCTH IIPOEKIINH CKOPOCTH Vy Ha OpPT T , HaIlpaBJIEHHBIH BAOJIb ckopocTH V. Ha puc.2 ykaxute

i i Oty to tz ta
HanpaBJICHUEC CUJIbI, ACUCTBYIOIICH HA TOYKY M B MOMeHT BpEMCHHU tl'
e
K 6) immysbe Tesia P1 U3MEHMIICS MO/ IEHCTBHEM KOPOTKOTO yapa u CTall M1T
4
1 —
- PaBHBIM Py, Kak MIOKa3aHO Ha PHCYHKE ClipaBa. B KakoM HarpaBlieHHH Puc2 (3% 2

=

(1,2,3,4)neiictBoBana cuna?




7) TeHHHCHBIN MsY JIeTell ¢ UMITyJIbcoM Py (MaciuTa® M HampaBlieHHE yKa3aHbl Ha pHCYHKe). B mepnenankymsip- 1 xmae
T

HOM HamNpaBJIeHUH HA KOPOTKoe BpeMst At = 0,1c¢ Ha M54 1OA€HCTBOBAN OPHIB BETPA € TIOCTOSIHHOM cuitoii F = I D

1

40 H. KakoBa cTaja BeTMUHHA UMITYJIbCa Pp TIOCIE TOTO, KAK BETEP YTUX? h
Otser: 5 kr Mi/c

8) YacTtuia ABHXETCS B INIOCKOCTH TaK, YTO €€ UMITYJIBC 3aBHCUT OT BPEMEHH 110 3aKOHY —=
£ AN

rj(t) =i Dﬁ{—] +] EB(—) ,tie T =1¢, A =B = lkr [i1/c . Haiitu TaHreHC yraa MexIy OChIO Y U BEKTOPOM CH-
T T

JIBI, ICUCTBYIOMIEH Ha YaCTHIy B MOMEHT BpeMeHH t =1 c.
Ortser: 1,2.

2 3
- t - t
9) Yactuia JBMKETCS B IIOCKOCTH TaK, YTO €€ MMITYJIBC 3aBHCHUT OT BPEMEHH I10 3aKOHY ﬁ(t) =i Dﬁ{—j + ] [B[—j , TIIe
T

r=1c A =B = 1kr i/c . Haiitu Moynb cuitbl, IeficTBYIOIIEli Ha YacTUIly B MOMEHT BpeMenn t = 2 c.

Ortser: 12,6H

Bﬁ’\%‘o“ 10) HeGoub1roi mapuk Maccsl MIIETHT €O CKOPOCThi0 Vq =4 M/C oz yriom O = 60° k ropu30HTY U MajfaeT Ha
‘ BEPTHUKAIBHYIO CTeHy. [1ociie Heynpyroro yxapa OH OTCKaKHBAeT CO CKOPOCThI0 Vo, =3 M/C mox yriom 3 =30° x

ropu3oHTy. Bpems coymapenust T = 0,001c. Haiitu oTHOIICHNE BeM4rHBI (MOYIISL) CPEAHEH CHIIBI HOPMaJIbHOM
PEaKIUK CO CTOPOHBI CTEHBI K BEJIMUUHE (MOJIYJII0) CPEeIHEN CUIIbI TPEHHS IIApUKA O CTEHY.
Ortser: 2,34.

([ns pewenus na sanamuu 11 maxoice mocym 6vimo 63simul 3a0anus 3ansmust 12).
Sausatue 12. Tema: HpI/IMeHeHI/Ie 3aKOHOB JUHAMHUKU MOCTYNATCIBbHOI'O ABUKCHUSA K 3aa4aM MCXaHUKU

6.6. Cucmema mamepuanvuvix mouex (abcoromno meepooe meno u CRIOWHAL CPedd: HCUOKOCmb, 2as). Umnynvc cuc-
membl MAMepUaIbHbIX Moyex.

6.7. Lenmp macc cucmemvl MAMEPUATLHBIX MOYEK U GbIUUCTIEHUE €20 KOOPOUHANM U CKOPOCTIU.

6.8. Bvi600 ypasnenusi nocmynamenbHo2o 08UdICeHUst Oisl CUCMEMbl MAMEPUATIbHBIX MOYEK UL NPOMSAICEHHO20 meid.
3akon osudicenus yenmpa macc.

JIroboe MPOTAKCHHOC TEJIO WJIN CUCTEMY TAKHUX TEJI BCCTrJa MOXKHO pa361/m, Ha CTOJIb MaJIblC Y4aCTKM € MaccaMud M; , 4YTO

HX pa3MepaMi MOXKHO MpeHeOpeub U pacCMaTpUBATh ATH YYACTKU KakK 4acTHIbl (MarepuanbHbie TOukH). [lonoxeHne Kaxaon u3
9THX YaCTHI] 3aJa€TCs PaJIyC-BEKTOPOM T .

Macca Bcel CUCTEMBI OIIPEACIIACTCS KaKk M= z m;j . Ha i -10 JacTuly CUCTEMBbI, BOO6III€ ToBODA,
i

JEeUCTBYIOT KaK BHEIIHHE CUIBI [ cO CTOPOHBI OKpYXKAIOIIUX CHCTeMYy Tell MU IMoJel, Tak U cymMMa
<7 pHyTpeHHuX cun . K j CO CTOPOHBI BCEX OCTAIbHBIX YaCTHI[ CUCTEMBL. [109TOMY ypaBHEHHE i -if uac-
jZi

ds - .
THUIBI 3aIUIIETCS B BUIE d—p' =R+ Z F”- .

X

Yucnao Takux ypaBHeHI/Iﬁ PaBHO YHCITYy YaCTHULl B CUCTEME. HpocyMMI/IpyeM OTH YPaBHCHUA IJI1 BCE€X YaCTUIL] CHCTEMBI (T.e. CJI0-

JKMM BC€ JIeBbIC M BCE Tpasble 4acTn). Tax kak B cuity TpeTbero 3akona Hetotona Fj = —F;ji, 10 cymma Beex BHyTpeHHHX CHL,

. dlo .
JeHCTBYIONIIMX HA BCE YaCTHIIBI CHCTEMBI, OGpanaetcs B Hysb: Y > Fj =0. B pesynsrate nomyuaem pm B |=2RK.
i j#i i i

BekTopHasi cyMMa MMITYJIbCOB BCEX YaCTUI CHCTEMbI HA3bIBACTCS MOJHBIM MMIYJIbCOM CHCTEMBL |Y P =D .mV; = P|.
i i

BekTopHasi cyMMa BCeX BHELIHHX CHII SBISCTCS Pe3yJIbTUPYOel BHemHNX et | Fj = Fyopn |- Takum 06pasoM, 3akoH 1BH-

JKCHMS CUCTEMBI YaCTHUIl MJIM 3aKOH M3MCHCHM MMOJHOTO0 MMITYJIbCA CUCTEMbI YMTACTCS TaK. NPOU3BOJAHAA 110 BPEMEHH MOJHOI0
HMITYJIbCAa CUCTEMbI YaCTHUIl paBHa pesynLTnpylomeﬁ BHEIIHUX CHJI.

, TIIe cyMMa OepeTcst TI0 BCEM JacThIlaM

P 2mi
© m

LleHTpOM Macc CHCTEMBI Ha3BIBAETCS TOYKA C PAINyC-BEKTOPOM

cucteMsl. 13 3Toif (hopMyIIBI ClleayeT, 9TO JeKapTOBEIMHI KOOPAWHATAMH IICHTPa Macc OyIyT
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2 M X 2 MiYi 2.M; Zj
— i . - . -
XC m ’ yC m ’ ZC m .

Ecmm cuner TSXKECTH, TPUITOKCHHBIC K Ka)l(,[[Oﬁ YacCTHUIIC CUCTEMBI, HAIIpaBJIC-
eed . HBbI B OAHY CTOPOHY, TO LICHTP MAacCC COBIIAAACT C ICHTPOM TAKCCTU, KaK BUAHO U3

I ¢ T X X o
\ m, m, PHCYHKA CIIeBa, IIle HATasl0 KOOp/HAT O coBnagaet ¢ eHTpoM Mace, I =0 u
Z > m; I =0. YMHOXHB 5TO PaBEHCTBO Ha YCKOPEHHE CBOGOHOTO MaACHNs, IOy~
= \
g m; g YUM YCIIOBHE PABHOBECHS BECOB, B KOTOPBIX TOYKA OMOPHI MOMEIIEHA B TIEHTP TSI-
xeetr: » MigF; =0, (MgX =m,gX,).
dr, 1d 1 dai 1

B3sIB IPOM3BOIHYIO T10 BPEMEHH OT [ , IOIYYAM: —= =Ve =— — > Mif, ==Y mj —=—=Ym; ¥, ==>'p;

¢ dt CmdtiII mzi:'dt mzi:"mzi:'
W mvc =Y. m; v, =P|,

i

T.€. MOJIHBIIl MMITYJIbC CHCTEMbI PaBeH MPON3BeeHUI0 ee MacChl HA CKOPOCTh IleHTpa Mace Vi .
Monyunim ypaBHeHHe IBHKeHHsI WK 2-i 3akoH HbI0TOHA 1151 MOCTYNATeILHOTO IBUKEHHSI JII000T0 (hu3myecko-

P d, _ ~ -

ro TeJIa MJIM CUCTEMBbI TeJI. |— = —(ch) =mac == Fgyem |
dt ot

Ilentp mMacc cucTeMbl IBHKETCS KaK YacTHIA, B KOTOPOM COCPENOTOUYEHA BCSI Macca CUCTEMBl M K KOTOPOH MpHUIIo-

JKCHA peayHLTpr}omaﬂ BCCX BHCIIIHUX CHII. I[Hﬂ OIIMCAaHUA HOCTyrIaTeJILHOFO JABWKCHHUA JOCTATOYHO 3aIIuCaTh U

PCUINTL YpaBHCHUEC ABUKCHUA LICHTPA Macc.

Ipumepuol: NETSINE LENN TPOIIE TTOPA3UTH HE TIPSIMBIM TI0Ma/1a-

Ve K HHEM PaKEThl, a 00JITaKOM OCKOJIKOB, ITOJIYICHHBIX TIPH €€ TOIPBIBE. - 2
RO~ entp macc C atoro obiaka OymeT mpoJ0KaTh JETEeTh MO TOH Tpa-
N “
\\ ~ EKTOPHH, IO KOTOPO#i JIeTeN JI0 B3pBIBa IICHTP Macc pakeThl. TOYHO o\é?]
C . TaK e, IPHITHYB C BBIIIKH, TIOBEI] MOXKET COBEPILIATH JFOOBIC KYJIb- \l
Forew len, OWTBI M TIOBOPOTHI BOKPYT EHTPA Macc, KOTOPbIi OYIET JETETh Mo \
TOM e TPACKTOPHUH, YTO U OPOLICHHBIA KAMEHB — IT0 MapadoJe. %’
3aoanus:

1) B simwike, cTOSIIIEM Ha OYEHB TJIAAKOM JIbIY, HAXOISATCS KOIIKA M MBIIb. X OErOTHS MPHUBOIUT K OECITOPSIOYHBIM IBHKCHHU-
SIM SITIAKA, XOTS CyMMa BHEITHUX CHJI, ACHCTBYIONINX HA SIIMK PaBHA HYJIO M OH JIOJDKEH COXPAaHITh COCTOSTHUE TIOKOSI WIIH PaB-
HOMEpHOTO JBIKeHUs. [Tlouemy?

2) ToT e MOJHOCTHIO 3aKPBITHIN U CTOSBIINI Ha CTOJEC HEMOABMIKHO SIIUK BAPYT Hadald IBUTaThCS. Bos-
MOHO 71 3T0? Ecnm 1a, TO Kakas BHENIHSS CHJIa 3aCTaBIISET SIIUK CABMHYTHhCA ¢ MecTa? Kakum oOpazom
MOJKHO 3aCTaBUTh 3aKPBITHIH AWK MOJ3TH BBEPX IO HAKIOHHOW Imiockocth? [loueMy HaunWHaeT NBUTATHCS
CTOSIBILIMHA HA MECTE TIEMIEXO0?

3) Ha kparo HemoaBrkHOM Tenexkkr Macchl M = 320kr u mmuasl | = 12M ctost yemoBek Maccsl M = 80kr. Ha kakoe paccros-
HHUE TIEPEMECTUTCS TeJeKKa, €CITH YeJI0BEK MepeiIéT Ha e€ MPOTUBOIOIOKHEIN Kpai? TpeHneM TeJIeKKH 0 TOPU3OHTAITBHYIO TI0-
BEPXHOCTH ITpeHeOpeyb. OtBer: Ha 2,4M.

4) HaiiTu MOTEeHIHANBHYIO SHEPTHIO H BBICOTY [EHTPA MACC BEPTHKAIBHOTO CTOI6a BEIcoTsl H = 9M ¢ cevenmem S = 40cm 2,

€cJM INIOTHOCTh MaTepuaia cTonba MEeHsAeTCs ¢ BBICOTOH N 1Mo 3akoHY p = pg [1—Ej , TIe pg =4 ki,
Otser: hc=4m; U=pSH?g/3= 4,241x.

6.9. Pewenue 3a0ay OuHaMuKu HOCHIYRAMENbHO20 OBUNCCHUSL CKONbI’CEHUE N0 HAKIOHHOU NIOCKOCMU, CUCIEMA OJIOKO8
(nonucnacm) u m.n.

3aoanus:
1) Ha Bepmunse HenoapmxkHoil npusmsl ¢ yraamu 0=30° u B=60° ycranoBi1eH HEBECOMBIN IIKHB, KOTO-
pbiit MOXKeT Bpamarscsi 0e3 TpeHus. Uepes Hero nmepeKHMHyTa HUTh, K KOHI[AM KOTOPOW MPUKPEILICHBI
Ipy3bl ¢ MaccaMu M ; = M, = M = 1xr. KoappumueHTsl TpeHUus rpy30B O TUIOCKOCTH MPU3MBI
Wy =W, =p =0,2. HaifTi ycKopeHHe Ipy30B U CHITy HATSKCHAS HATH.

Otser: a= 0,4554/c?; T=7,06H

2) KosddunueHT TpeHust Tejla 0 HAKIOHHYIO IIOCKOCTh, 00pasyromyo yroi o = 45 ¢ TOPU30HTOM, paBEH
X u=0,5. [Ipu kakoM APYroM yrie HakJIOHa INIOCKOCTH BEJIMYMHA CHJIbI TPEHHUS Tella O TUIOCKOCTh HE M3MEHHT-

cs? Orser: npu o' = arcsin tcosa ) = 20,7 .



36
3) Ha HakJIOHHO# MIOCKOCTH HaXoguTCs rpy3 Macchl M. Ko duuueHt TpeHus: CKONbKEHUsI Tpy3a O MI0c-

koctb W =0,8. Ilpn yriae mHaxmoHa O = 60° ma Temo JeHCTByeT cuia TpeHus F

p = 4H Yemy pasna

BEJIMYMHA CUJIBI TPEHHUS, NEUCTBYIOIIEH HA TPY3 TP YIJIe HAKJIOHA MIOCKOCTH O = 30°2 Otset: SH.

4) Yepes HEBECOMBIN 00K EPEKUHYT HEBECOMBIH IIHYP, K KOHILy KOTOPOTO NMPHBS3aH YeJI0BEK Macchl M = 60kT.
C Kako# cHJIOi 9eTOBEK JOIHKCH TAHYTH 32 IPYTOi KOHEIT ITHYpa, 9TOOBI TIOJHUMATHCS BBEPX ?
DYV Otser: F=mg/2=294 H.

5) HMomucnact (yctpoiicTBo utst noanéMa rpy3oB) coctouT u3 N = 6 HeBeCOMBIX OJI0KOB, uepes3
KOTOPBII MEPEKUHYT HEBECOMBIH IIHYP, OJUH KOHEI A KOTOPOTO MPHUKPEIUIEH K MOTOJIKY, a K
B JIpyromy koHIity B mogsemen rpy3 maccel M = 60kr. K moaBuKHBIM OJI0KaM MMOJIUCIIACTA MTO/IBEIICH
rpy3 Maccel M = =300kr. HaliTn BenmnauHy W HampaBleHUE YCKOpEeHUS Tpy3a M.
Ortset: a = g/47; BBepx!

m M

6) HeBecomas HepacTsDKMMas HUTh OXHMM KOHIIOM IIPUKPEIIeHa K MMOTOJIKY U NEPEeKHHYTa Yepe3 Ba HEBECOMBIX
0J10Ka, KaK MoKa3aHo Ha pucyHKe. K cB0OOOIHOMY KOHIly HUTH, CBHCAIOIIEMY ¢ OJI0OKa ¢ 3aKpeIUICHHOH OChI0, U K OCH
cBOOOIHOTO OJI0Ka MPUB3AHBI IPY3bl ¢ CyMMapHOH Maccoit XM= 4,8kr. Maccsl Tpy30B 0100paHbl TakK, YTOOBI CH-
Jla HaTsDKEHUs HUTH ObUTa MakcuMajbHOW. HalTh 3Ty MakcMMasbHYI0 BEJIMUMHY CHIIBI HATSDKEHUS HUTH. TpeHnem

IpH BpALICHHH GIIOKOB TpeHebpeds, mpunsath g = 10M/c2 OtBert: Frax= 16H

N 7) K BepTHKaIbHOM CTEHE MPUCIOHEHA I0CKA, YIUPAIOIIAsACS HIDKHUM KOHIIOM B TIOJ Ha paccrosiiun L = 6,1798u
ot creHbl. M3 BepxHel TOUKH 1o JJockaM 0e3 HayajbHOH CKOPOCTH COCKAJIb3bIBAET HEOOJIBIIOE TEJIO, MPUUEM KO-
3¢ GUIMEHT TPSHUS MEKIY 3TUM TEJIOM M MaTepuasioM A0cku paseH | = 0,5./[miHa 1oCcKku 1 e€ yron o ¢ BepTHKa-
JIbIO TAKOBBI, YTO TEJO COCKAIb3BIBACT HA 1O 32 HAMMEHBILEE BO3MOKHOE BPeMsI tmin. IIpiamMas g = 10m/c?,
HaWTH 3TO BpeMS {yin. OrtBer: tmin = 2¢C

(—L—>

8) Heboubimyro maitby TOJIKAIOT BBEPX M0 HAKIOHHOM IJIOCKOCTH C Ha4adbHOMN CKOpOCThIO Vo= 5 M/C. Koaddu- Vo

IUEHT TPEHUS ManiobI 0 mockocTh U = 0,75,a yroi o, Mo KOTOPBIM TUIOCKOCTh HAKJIIOHEHA K TOPU30HTY TaKOB, 7

YTO T1aifba MPOXOANT O OCTAHOBKM MUHUMAIBHBIN MyTh S. HaliT 3TOT Iy Th, MpUHUMAs g = 10m/c?.
OTBeT: Syin = 1M

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

HCHHGDHH&HLHOﬁ CHCTEMOM OTCUYETA HA3LIBAETCS H}O6a$[ CUCTEMA OTCUCTA, ABHKYIIAACHA C YCKOPCHUEM OTHOCUTEJIBHO
ﬂﬂep].[l/la.]'lbﬂ()ﬁ CUCTEMBI O0TCUETA.
IB HeHHepHHaHBHOﬁ CUCTEMEC OTCUCTA B ypaBHeHI/II/I JABHXKCHHUA K CyMMe BHCIIHUX CHUJI HAOO0 ,HO6aBI/ITI) CI/IJ'Iy I/IHepI_[I/Il/Il.
dp' _
dt

Cuny vuHepuun Haiitu mpocto. OHa paBHa Macce Tella, YMHOXKEHHOM Ha yCKOpEHUE HeMHEPIHAIbHOM CUCTEeMBI OTcUeTa &g,

nﬁl = ZﬁiBHeHI + IEI/IH
|

B3sTOE €O 3HaKOM “Munyc”: |F ., = —Ma8 | Crubl HHEPLIUHK OTIUYAIOTCS OT "OOBIYHBIX' CHII TEM, YTO OHH OOYCIIOBIICHBI HE B3au-

MOJICHCTBHUEM TEll, a YCKOPEHHBIM JIBIJKEHUEM CHCTEMBI 0TcdeTa. OHU CYIIECTBYIOT TOJILKO B HEMHEPLUATIbHBIX CUCTEMax OTcUe-
Ta ¥ HampasBJIeHbl IPOTUBOIMOJIOKHO ycKopeHuto cuctemsl! Ho, ¢ Ipyroii CTOpOHBI, Y HUX €CTh YAUBUTEIbHOE CBOWCTBO, POJIHS-
Iee UX C TPaBUTAIIMOHHOM CHIION — BCeM TellaM, HE3aBUCHMO OT MX MAacChl, OHH COOOIIAIOT OIHHAKOBOE yCKOpeHue!

Ilpumep: Tpy3 Ha IOJBECE B BaroHe, ABIKYIIEMCS C YCKOPEHHEM & , TOKOUTCA, 1

N ypaBHEHHE €ro ABM)KEHUS B HEHMHEPLHAIBHOM CUCTEME, CBSI3aHHOW C BarOHOM
b o = o
A m | P 0=mg+N+ F,, . /11 senogsmwxHoro HabmonaTens A B HUHEPIMAIBHON CUCTEME OTCUETa,
¢ [ <of>md > =—ma
‘mg— / CBSI3aHHOU ¢ 3eMJIeH ITOT JKe TPY3 ABIKETCs ¢ yckopeHueM a: ma=mg+ N . VpasHenus
NG N OJIMHAKOBHI, T.€. 3aKOH HpI0TOHA MOXKHO MHUCAaTh KaK B MHEPIMAJILHOM, TaK U B HEUHEPIIUAIb-

HO# cucteMe. BeiOuparoT Ty, kKotopast 6osee yo0Ha.

IpumMepamu cr nHEPUUHU OyICT HEHTPOOEKHAS CUIIA HHEPIIHH, Ifu6 = —m[G), [(To, F]] , JIEHCTBYIOIIAs Ha BCE Tena, Ha-

XOJISIIKECS BO BPAIIAIOIIEHCs C yIIIOBOM CKOPOCThI0 () CHCTEME OTCYETa M MMEIOIHE HOpMalbHOE (EHTPOCTPEMHTENILHOE)

yCKOpeHHe &8 = [Co, [G), F]] (na Bparmaroreiicst kapycein). Eciu Teo IBMKETCS B TAaKOM BPAIIAIOIIEHCS CHCTEME CO CKOPOCTHIO

V', To meiicTByeT Kopronucosa cuna uHepuud | F o = 2m[\7 ) ] , HATIPABJICHHAS EPIEHNKYJIISPHO CKOPOCTH V',

IIpu OBWKEHHH CO CKOpocThio V'=D5km/uac memexoma ¢ Mmaccod M=60kKr mo BpalNaAOIIEHcs €O CKOPOCTBHIO
w=21/86400c™* 3emie, Ha HEro [JIeHCTBYeT OYEHb Majas KOPHOJIMCOBAa CHJIA C MaKCHMAaJIbHOW BEIHYHHOU

FKop =2mwV'= 0,012H. Ho B netsmem co ckopocteio V'=1000km/uac camosere 3Ta CHja, TOJIKAOIIAs 4ejJoBeKa BOOK,

MOJKET BO3pacTH JI0 OIyTuMoi Benuuuuel 2,4 H.
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W3-3a KOPHOJIMCOBO# CHIIBI Maccathl (BETPHI, AYIOIIME OT TPOIHUKOB K 3KBATOPY) B
000HX MOJYHIAPHUIX OYAYT OTKIOHSATHCS K 3amajy, a TSKyIUe PeKH OyIyT OTKIOHITHCS
. F B CCBEPHOM IOJYIIAPUH K TIPABOMY Oepery, a B F0)KHOM — K JIEBOMY. T0 ke IPOUCXOIUT
U C BOJOH, Tekyiueil mo Tpybam. I1o Toil ke MpUYMHE BBITCKAIOIAs B CIMBHOE OTBEp-
CTHE BOJIa 3aKPYYHMBACTCS B BOPOHKY B OJIHY CTOPOHY B CEBEPHOM H B JPYTYIO — B FOXK-
HOM TOJYIIAPHH.
Eme oauH mpuMep — BpaIlleHUE KHUIKOCTU B COCYy/e. Y pPaBHCHUE TBUKCHUS MOXK-
HO 3aImucaTh IS 000 "JacTHIBI" KUIAKOCTH — OECKOHEYHO MaJIOTO KyOWKa C IoTie-
pednbiM ceueHneM AS, KOTOpPBIN BMECTE € XKUAKOCTBIO BPAIIAETCS C yIIIOBOM CKOPO-
cThi0 (. IleHTpocTpeMHUTENIFHOE YCKOPEHUE 3TOT0 KYyOHMKa CO37aeTcsl, MIaBHBIM 00pa-

SKBaTOp

l_IaCCS.TbI
> V'

10 / E..
3emid

30M, CHJIAMH THAPOCTATHYECKOro aaBieHus: Amw?r = p'AS— pAS = pg(h'— h) AS.

Orciona caexyer, uto h'>h, u nosepxuocts Bpamaro-
IIeHCsT JKUIKOCTH JOJDKHA MPUHUMATh (GopMy BopoHKH-Tiapabosonna. [1o To# ke mpUUYUHE IIo-
BEPXHOCTH TEKYIIEH BOIBI B MECTE IMIOBOPOTA Oy/IeT HAKIIOHEHA B CTOPOHY TIOBOPOTA.
W3-3a cuit BI3KOTO TPEHUS JKUJIKOCTh MPAKTHYCCKU HE JIBHXKETCS BOJU3H JTHA COCYAA, T.C.
C BBICOTOM CKOPOCTH BpallleHus1 yBennuuBaeTcs. Eciu nepeitu B HeMHEpLHaIbHYI0 CUCTEMY OT-

cyeTa, BPaIAIOIIYIOCs CO CPeIHEH CKOPOCTBIO KUIKOCTH <(I)> , TO B 3TOM CHCTEME BEPXHHUE CIIOU

JKUIKOCTH OyIyT JBUTATLCSA CO CKOPOCTBIO V', olepeskas BpallleHHe CHCTEMBI, a HIKHHE CIIOH Oy-
IyT OTCTaBaTh. KOPHOIHMCOBBI CHJIBI IIPUBEAYT K MOSIBICHHIO MMOTIEPEYHBIX [TUPKYISIPHBIX TOTOKOB,
KaK [TOKa3aHo Ha pUCyHKe. Takue MOTOKH COOMPAIOT YanHKH B aKKypPaTHYIO KYy4KY B IICHTPE CTa-
KaHa ¥ OHHM e OYIyT pa3MbIBaTh OJMH U3 OEPEroB PEKH B MECTE €¢ N3rnbda M HAHOCUTH WJI Ha IPY-
T'OM, TIOJIOTHH Oeper.

3aoanus:
1) BemocunemucT KaTUTCS IO BRIITYKJION MOBEpXHOCTH ¢ paanycoM R= 20M co ckopoctsio V = 10m/c. Yemy

v
paBeH €ro Bec B BEPXHEH TOUKe IOBEPXHOCTH, €CIIH Macca Beocumeaicta m = 80kr? [punste g = 10m/c?

£ Otget: 400H.
R )
m 2) Ha abcoIrfoTHO TITaaKoi TOPU30HTAIBHOM MIOBEPXHOCTH JIC)KHUT KIIMH Macchl M = 2Kr ¢ yIiloM o = 45
<> Ha ke mosnoxwmm Teno Maccsl M =1xkr. Tpenue oTcyTcTByeT. HaliTh yckopeHne KiuHa.
) Otser: 1,96m/c?

3) Mogeip camonéra B aTTpakMOHe BpaimaeTcs ¢ 4actoroit v =300060poTOB B MUHYTY B BEp- R
THKAJTLHOM TUIOCKOCTH, coBepmas “MEPTBYI0 meTio” ¢ paanycoM R = 5M. Bo ckombko pa3 cwia, mproKaMaromas
YeJioBeKa K CHIACHBIO CaMOJIETa B HIKHEH TOUKe, OOJIBIIE TAKOW e CHIIBI B BEpXHEH TOUKE?
Otser: B 1,5pa3a.

6.11. Ilpumenenue 3aKoH06 OUHAMUKU K O8UdICEHUI0 Oepopmupyemoti cpedvl. Cuna 0asieHusi Cmpyu JHCUOKOCmU.

3aoanus:
1) 3a MuHyTY U3 KpaHa, Haxosmerocs Ha Beicote h = 40 61 Hax BaHHOM, ¢ HAYAIBLHON CKOPOCTRIO Vo =1 M/c BeITeKaeT 3 auTpa
Boabl. C Kako#l chiIoil cTpys BOIBI AaBUT Ha JHO BaHHOU? IIpunsate g = 10m/c 2
Orser: F_. . =0,15 H.

JlaBJl

3anstue 13. Tema: OCHOBBI IMHAMUKH BPAIATEIHLHOTO ABUKCHUS

7. OCHOBBI JUHAMUKU BPAIJATEJIPHOI' O [IBH)KEHUA
7.1. Momenm unepyuu. Momenmul unepyuu men ¢ cummempueti epawjenus (Ouck, wiap, 0600 Koreca).

Macca m - 310 MEpa MHCPUUU ITPU NMOCTYNMATCIIbHOM JABUKCHUU. HpI/I BpalaTeJIbHOM JABUKCHUN Mepoﬁ HHEP-

nuu Oymetr MoMeHT wHepnmu | . Yem Ooinbiie BenwunHa | , TeM TpynHEe pacKpyTUTh MACCHBHOE TEJIO WM 3aTOPMO3HTH €T0
BpallleHHUE.
MOMEHTOM HHEPIUH MATEPUATbHOU TOUKH (YACTHUIIBI) HA3BIBACTCS MPOU3BEICHHE €€ MacChl M Ha KBaj- gg;meHm

paT paccTOsiHHA ' 110 OCH BpaIlieHus. MOMEHTHI HHEPIINHU CKIIaBIBAIOTCS TaK ke, Kak B Macchl. [loaTomy pazou-

P
BacM HPOTHKECHHOE BpAIMAIOIICCCA TEJIO Ha MAJCEHbKHE YYACTKH, KOTOPBIC MOXHO CUHUTATH \

oCh ¥ m
ppamerss ~ MATEPHAIBHBIMH TOYKAMHU C Maccamu My .

MoMeHT MHepIMH (U3UYECKOTO Tejla PaBeH CyMMe IPOW3BEINCHHUH Macc COCTAaBIAIONINX €ro

J

o — 2
MaTepUAJIbHBIX TOUCK Ha KBaApaThl paCCTOAHUUN A0 OCU BPAIlICHUA I(b”3 Tena — Z m ri
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IIpome Bcero ompeaenuTb Mo-

MEHTBl UHE ‘OCBC ocsC
PUUM  CUMMETPHUYHBIX  TeJ, < ocnC
BPAIAIONINXCS BOKPYT OCH CHMMETPHH, . <> m s
npoXxosen yepes ux nentp mMace C: ﬂ @ /
a m
< v [ C ]

TOHKHI 00py4 JACK (LATHHAP) map TOHKHH CTCPIKCHb
MAaccHI 1 MAacCHI /11 MAacchl M1 AMMHBI [
¢ paguycom R Macest m =Lm?
¢ paauycom R : . ¢ pamaycom R Lerepus = 13M
_ 2 ==mR
Iopr‘{a = mR I’uﬂcxa 2 [L[[apaz %mR2

Ilpumep: BEIYUCIUTE MOMEHT HHEPIIUH AMCKAa MAacCHl M U pagmyca R OTHOCHTENFHO OCH CHMMETPHH, IPOXOIAIIEH de-
pe3 uentp macc C.

Pa306péM CILIOIIHON AHMCK Ha OECKOHEYHO Y3KHE KOjblia paguyca I ¢ Tommmbod dr . Ihiomams Takoro Kolbla

. dm das 2mrdr
dS = 21 [dIr , a oTHOMIEHHWE ero Maccel dM K Macce BCEro AUCKa PaBHO OTHOLIEHUIO MX IUIOMIafed; — = ——— = —— o
Suncxa R
kyaa dm=m—— . BeleJeHHOE KOJIBIIO HMEET TAKON K€ MOMEHT MHEPIIMH, YTO U TOHKHI 00pyd: BCE €ro

R2
MaTepHaIbHBIC TOYKHM HAaXOJATCSI Ha OJUHAKOBOM PAaCCTOSHHUHM I OT OCH M MOMCHT MHCPIIMM BBIACICHHO-

ro xonsua dl = dmii2. CyMMa MOMEHTOB MHEPIIMH BCEX KOJIEI[, COCTABISIONINX JIUCK, SBJISIETCS HHTETPpa-
R R 4
2m 2m R
aoM | = fdl = fdmrz =—2J' r3dr =——, OTKyna |
0 R0 R 4

1 o
=—mR*“.
HCKa
A 2
ECJ'II/I MOMCHT I/IHepHI/II/I IC OTHOCHUTECIIBHO OCH, npoxous{meﬁ qepe3 I_[eHTp MaccC, U3BECTCH, TO

MOYXHO BBIYHCIUTh MOMEHT WHEPIIMH OTHOCHTENIHHO JIF00OH mapaurensHoi ocu O, mpoxonsmied Ha
paccrostauu d ot menTpa Macc. Kak BUIHO W3 PUCYHKA, PACCTOSIHHUS TPOU3BOIBHOMN YaCTHIBI TBEPIOTO

Tena M; oT obenx ocell paBHBI COOTBETCTBEHHO I; U I +d . [ToaTomy

lo =3 m;(r; +d)? =3 mZ+2> m;r;d + > m;d?. Bropoe ciiaraeMoe B MOTY4EHHOM BBIPAKEHUH
i i i i
obparaeTcs B Hyl1b B cuity Toro, uto d =constu 2) mirid =2d> m;ir; = 2nr. = 0 (r. —paccros-
i i

— 2 o o .
Hue ot ocu C 1o nentpa macc). [lostomy  |lg =1 +md<|, -sTo cooTHOmEHUE Ha3kIBaeTCsa Teopemoii IllTeliHepa:

MOMEHT MHEpPLHUHU TeJa OTHOCUTENbHO MPOU3BOJIBHOM OCH paBeH CyMME MOMEHTa WHEpPLHU OTHOCHUTEIHHO OCH, Mmapal-
JIENbHOM e¥l U MPOoXOsIIel yepes HeHTp Mace, U MPOU3BEICHHS MAacChl Tella Ha KBaAPaT PACCTOSIHUS MEXKAY OCSIMH.
Ilpumep: MOMEHT HHEPIIUU TOHKOTO CTEPKHSI OTHOCUTEIBLHO OCH, MPOXO/IAIIEH Yepes3 ero

2 D
y _1 2 1V _1 2 L
kpaii O paBHa g ¢repus = EmI + m[E) = 73)ml . <=3 -
O. =
m C
3aoanus:
0 1) Tpu oguHAKOBBIE JETANH CIENAaHbI B BUJE SILIMIICA M3 IUIOCKOTO JINCTAa MeTallia. JIBe neTanu paspe-
[3 ﬂ D 3aJIM: OJHY - IIOTIOJIaM BJIOJIb OCH CHMMETPUH, a BTOPYIO - Ha YETHIPE OJMHAKOBbIC YacTU. 3aTeM Bce
94aCcTH OTOJIBHMHYJIH APYT OT JPYra Ha OAUHAKOBOE PACCTOSHHUE M PACCTABUIIM CHMMETPHYHO OTHOCH-
(7 q D tenbHO oclt OO' (M. puc.). Beibepure paBuiIbHOE COOTHONIEHUE MEX Iy MOMEHTAMU HHEPILUH dTHX
OT= <« '= < '3 geraneil otHocuTensHo ocu OO0" 11 <15, =137 I1<Iy,<13? 11 =15,<13? [1>1,>13?
L I; I3
2) TlepnenuKyIIpHO OJHOPOJHOMY TOHKOMY CTEPXKHIO MacChl M= 1 kr u anuHo¥ | = 1M mpoxoasT age i} Q 4

napasienbHbie ocd. OHa MPOXOIUT Yepe3 KOHEIl CTePiKHS A, a Ipyras yepe3 Touky O, JIexKalyro Ha C .
paccrosHuu x = 0,2M oT Touku 4. Bo ckonbKo pa3 0TIHNYAIOTCS MOMEHTHI HHEPLUU CTepKHA | o ulg?
0 Otset: B 1,92pas.
3) /IBa 0OIMHAKOBBIX OJHOPOIHBIX TOHKUX CTEPXKHSA MacCcoi M= 1kr u mHoMi | = 1M KaKablii IpHUBAPUIA KOH-
[IaMH¥ TIEPIIEHANKYISIPHO APYT K ApyTy. Uepes KOHeI 0JHOTO U3 CTepKHEH MpoXoaAnuT ock O, IepNeHIUKYyIIpHAs
IJIOCKOCTH cTep kHer. HaliTH MOMEHT MHEPITUY TOTyIUBIICHCS JeTaId OTHOCUTEHHO ocH O.
OTBeET: 1,677Kr|3112.
4) Muck ¢ maccoit m=400r wu ¢ paguycom R=20cMm coBepiraeT koje6aHusi BOKPYT 3akperieHHoi ocu O, mpo- Q

XOJdIIeH yepe3 Kpail qucka. HailTh MOMEHT MHEPIIUH AUCKa OTHOCUTEIIBHO 3TOW OCH. m
OTBeT: 0,024KF|I}12.
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5) JIBa 0iMHAKOBBIX AUCKa Maccoit M= 1kr u pagnycom R = 1M KaIblif OJI0XKMIN HA TUIOCKOCTh U
) TNPUBAPUIH JPYT K APYyry. HalTH MOMEHT MHEPIIMHU TIOTYYHUBIICHCS AETAH OTHOCUTEIHHO OCH, MPOXOISIICH

HePIEeHANKYISPHO MIOCKOCTH AUCKOB uepe3 Touky O (CM. pUCYHOK).
Otser; 11 kr®.

6) JleTans B BHIEC PAaBHOCTOPOHHETO TPEYTOJIbHUKA CBAPUIIM U3 TPEX OJUHAKOBBIX OJHOPOIHBIX TOHKHX CTEPIKHEH
mMaccel M= 1kr u amunel | = 1M kaxaeii. HaliTh MOMEHT MHEPIMH IETATH OTHOCUTEIHHO ocu O, IPOXOsIIeit
Yyepe3 BEPIINHY TPEYTOJNbHUKA MEPICHIUKYIISIPHO TUIOCKOCTH JICTATH.

OTBeT: 1,51<r|3h2

7.2. Momenm cunol u e2o HanpagieHue.
7.3. Momenm umnynvca. Momenm umnynvbca O08UNCYWeEUCs MAMEPUATbHOU MOYKU OMHOCUMENbHO BbIOPAHHOU OCU U
MOMEHM UMNYIbCA MEEPO020 Med, 8PAAIOWe20Cs BOKPY2 HENOOBUIICHOU OCU.

[Iyctes wacTHIa IBMKETCS MO HEKOTOPOW TPACKTOPHH W B JAaHHBI MOMEHT BPEMEHH €e paanyc-
BEKTOp paBeH [, a ummyabc P =MV . Kpome ummyinbca, CyIIECTBYET elle OJ{Ha BEKTOPHAs XapakTe-

PpUCTHKA IBUIKCHUSA — MOMCHT UMITYyJIbCa.
MowmenToM UMITYJIbCa YaCTUIbl OTHOCUTCIIBHO TOYKH O Ha3bIBaeTcs BEKTOPHOC MPOU3BCACHUC

paanyc-BEeKTOpa Ha WMITYJIbC YACTHIIGL: L =[F, r)] , TOe pamuyc-BekTop I mpoBeneH u3 Toukd O K

qyacTuue. BeKTOpHOG MPOU3BEACHUEC B ICKAPTOBBIX OCAX KOOPAUHAT CUUTACTCS 1O (bOpMyJ'Ie
i J k
y z|, mm C=T(yp, —20y)+ (20— x0,) +K(xpy - y0x).
| — | ——)
Py Pz =Lx =Ly =L,

MOMEHT UMITYJIbCa OTIPEAEIIEH KaK I KPUBOJIMHENRHOTO, TaK U ISt
NPSAMOIMHEWHOTO ABMXEHUS, Ha TIPABOM PHCYHKE MOKA3aHa 9aCTUIA, YACTH-
1@, ABMXKYIIAscs 1Mo mpsiMoid; juist Hee L =mvr sina = mvl .; Ha ieBoM pu-

CYHKE€ 4YaCTHUIla BpallaeTCs N0 OKPYKHOCTU paauyca ' CO CKOPOCThIO V MIIM

¢ YIII0BO# CKOpOCTBI0 W=V/I — s Hee L = prsin9¢ = mvr = nr 2w.

Ho | = mr? - moment MHEPIMY YaCTUIbI IPU BPaIllEeHUH BOKPYT OCU
z, npoxoxameit yepes Touky O. [10aToMy Lyarrourn = | 0. Eciiu BokpyT ocu BpamiaeTcs ¢ yrioBoi cKopocTbio W (usuyeckoe

TEJI0, COCTOAIIEC N3 MHOXKECTBA MAaTCPHUAJIBHBIX TOYCK, TO UX MOMCHTEI UMITYJIbCA (I/IJII/I MOMCHTHI I/IHepHI/II/I) CKJIaJBIBAKOTCSI.
MomeHT HUMITYJIbCa YaCTUI bl OTHOCUTCIILHO SaerHHeHHOﬁ OCH paBCH NPOU3BCACHUIO €€ MOMCHTA MHEPILIUHN HaA

YIJIOBYIO CKOPOCTh BpalllCHUS .

Bo3smem MPOU3BOJHYIO IO BPEMCHHU OT BBIPAKCHUA JI1 MOMCHTA UMITYJIbCa YaCTULIBI, KaK OT IMPOU3BEACHUA ABYX

GyHKIMHA: d—l:—g r r)]— i pl| +T @ —[\7 f)]+ r @ (mepBoe ciaraemMoe paBHO HYJIIO, KAK BEKTOPHOE MPOH3BeE-
Y St odtt dt’ st 2o I P Yo, prioe b

dt

BexTtop, paBHBIIf BEKTOPHOMY IIPOM3BECHHIO PaIIyc-BeKTOpa Ha cmry, M = [F, F] Ha3bIBACTCSl MOMEHTOM CHIIbI (pajiu-

o dp - dL -
JICHUE MTapaJUIebHBIX BEKTOPOB V 1 P = MV ). A Tak Kak d—f =F B cumy BTOpOTO 3aKk0Ha HpIOTOHA, TO = [I’ ) F] =M.

yc-BekTop I mpoBeseH u3 Touku O B TOUKY NpHiIokKeHus cuibl F ) Bektop MmomeHTa ciibl M mepreHIuKyIsapeH K BeKTopam [

u F u BeIUHCaseTCs Mo MpaBUIy BEKTOPHOI'O MPOU3BEACHUSL

- PoT K
£ 50° o M :[r”, lf]: X y z|, wm If=T(yF -ZF )+T(ZF - xF )+IZ(xF - yF )
0 / : 7‘\ F« By R %Mx—yJ X:My Z y:Mz :

Ho Benwmumna (MOIynb) MOMEHTA CHIIBI, COTJIACHO OMPEIENCHHIO BEKTOPHOTO MPOM3BEICHH,
|M| ==rFsina wm Kparuaiimee paccrossaue oT Toukd O 10 NMHUHM ACHUCTBHS CHIIBI

M
| =rsina nHasbBaeTcs mIe4oM cuilbl. BeaumuuHa MOMEHTA CHIIBI paBHA IPOU3BCIACHUIO CUJIBI HA TIJIICYO.

3aoanus:
1) TOHKHIA OJHOPOIHBIN CTEPIKEHb MacChl M= 1 Kr 1 JuHBl |= 1 M MOXeT Bpamarscs B BEpTUKAJIbHOM
IIJIOCKOCTH BOKPYT TOPU30OHTAIIBLHON OCH, IPOXOIAIIEH Yepe3 ero Konel. B ocu neficTByeT MOMEHT chil
/ Tpenus My,. = 1Hh. CrepkeHb MPUBOJAT B TOPU30HTANBHOE MONOXKEHUE H OTITyCKaloT 6e3 Tomuka. Haii-
JIATE YIII0BOE YCKOPEHHE B HAYATbHBI MOMEHT BpeMeHH. ¢ = 10m/c?,
Ortser: 12 pa,Zl/CZ.

m
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2) ToHKHIt OJHOPOIHBIN CTEPKEHb MacChl M= 1Kr u ummHel | = 1 M MOXeT Bpamarscs B TOPU30H-
\% TaBHOM MIOCKOCTH Ge3 TpEeHUsI BOKPYT BEpTUKAIBHOM ocu C, Ipoxosiieil uepe3 cepeauny crepxus. K
— KOHILY CTEPKHsI B INIOCKOCTH BparieHus noja yrioM o = 3(° k cTepkHIO nmpuKiaasBaoT cuiay F =1 H.
YeMy paBHO yrJIOBOE YCKOPEHHE CTEPXKHS B HAUAIbHBI MOMEHT BPEMEHH.
Ortser: 3 pa,u/cz.

3) ManeHbKHil ITapuK TOMECTHIIN B TOUKY ¢ pagnycoM-BekTopoM I’ =1 [A+ | B+ KIC,rae A=1wm, B=2wm, C= 3Mm. B Heko-

TOPBIF MOMEHT Ha IAapHK MMOCHCTBOBAIIN CHITON F=ID+ I [E+Kk[G ,tne D = 3H, E = 4H, G = 5H. Hailiti 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. Ocnosroe ypasHeHue OUHAMUKU epawamelbHoco OBUICEHUSL U €20 npumeHeHue K peteHuro 3a0a4 MEXaHuKu.

[Tycth 3akpemieHHas OCh BpalleHUs Z TpoxoauT depe3 Touky O. Cuna F , mpuioxeH-
Has K Tey, MOXET TOJBKO BpaIlaTh TEJIO BOKPYT 3aKpeIuieHHOH ocu. V3 prcyHKa cieBa BHIHO,
YTO MPH BPAIICHUHU IO KPYTY JaKe OJHOM MaTepHallbHOM TOYKM M BEKTOp €€ MOMEHTa UMITyJIbCca

v L, mepnenaukyispHblii kK BekTopam I ¥ P, He HAalpaBJIeH BAOJIb OCH BpawieHus Z Ho yxe moiy-

o _r. = —~ dL, .
9eHO, YTO Y = [r , F] =M wu mostomy & =M,|. Ilpu BpameHuu BOKPYT 3aKpeIUIEHHOH ocH
Z mo6oro (pU3UIecKOro TeJia ¢ MOMEHTOM HHEPITHH | 3TO ypaBHEHHE 3aIHUIIETCS Kak

d, _d(lw)
—2=——"=1€=> M, 7| ¥ HasbBACTCS OCHOBHBIM yDABHEHHEM [NHAMUKH
dt dt

BPAIIATeIbHOTO ABKEHUs (MK 2-M 3aKoHOM HbI0TOHA A1 BpaliaTebHOro ABkeHus ). CpaBHUTE €ro ¢ ypaBHCHHEM AUHAMUKHA

P ~ -
TOCTYTATENBHOTO JIBHKEHUS] m =ma. =Y Foom -

3aoanus.
1) C kaKkoii 11e1p10 Ha TOHOYHBIX MalTHHaX-00JIM1aX, yI4aCTBYIOMIKX B TOHKaX DOpMyitsl 1, MOIIHBIN U TSHKENbBIH JBUTATEb YCTa-
HABJIMBACTCS MOCEPEIUHE MAIIIUHBI?

2) Hekoropoe Telno BpalaeTcsi BOKpPYT 3aKpeIuieHHOU ocu 6e3 TpeHus. Ero MOMEHT UMITyJIbca OTHOCHTEIBHO OCH BpAICHHUS 3a-
t 4

BHCHT OT BPEMEHH T10 3akoHy L = A[—j ,Tne T=1c, A= 1xr Bf{z/ C. Croycts Bpems t =1 ¢ Teno uMeeT yrioBoe yCKOpeHHe
T

€= 1pau/02. Haiitu MOMeHT uHEpLUMH TeNa. Otset: 4 krv.

3) Terno BparaeTcst BOKPYT 3aKpEIICHHOW OCH € YTJIOBBIM YCKOPEHHEM, 3aBUCHMOCTh OT BPEMEHH KOTOPOTO
3amaercs rpaguKkoM. MOMEHT HHEPIIMH Tea OTHOCHTENIFHO OCH BpamieHus paBeH |. Haiitn MoMeHT M-

MyJThCa TeJla B MOMEHT BpeMeHH { = 4 ¢, €CIi Emgy =3 ¢ 2 1 = 2 kr 2
Ortsert: 6 H(d

4) Huth, HAMOTaHHAs Ha HWJIMHID, IPUKPEIUICHA K NOTONKY. HaliTi yckopeHue mageHus TaKoro HUIHH/PA MO k-

CTBUEM CHIIBI TAXKCECTH.
Oteer: a=2g/3 = 6,54/c?

m, a
5) HeBecoMasi HUTh MEPEKUHYTA Yepe3 CINIOMIHON HUTHHAPHICCKHN OI0K Macchl M, CTOCOOHBII BpaaThes
BOKPYT TOPU30HTAIBHOI 3aKkperuiéHHON ocu cumMmeTpun. K KoHIIaM HUTU NPUBSI3aHBI TPY3bI
m;=2mu M, = M; Macca Gioka My = M, a ero paxuyc paBeH R. HaiiTu BenmmumHy MOMEHTa CHJI TPEHUS B
m, i_) m, Ocu OJI0Ka, eCili HUTh JBUXKETCS C yckopeHuem a =g/ 7.
a OtBer: M, =mgR/ 2.
6) HaiiTt yrioByr0 CKOpPOCTh, ¢ KOTOPOil Ha4yasa BpAIaThCs BOKPYT BEPTHKAIBHON 3aKPEIUIEHHOW OCH TOHKH |
crepxkeHb Maccel M = 200r u amuubl | = 80 cM, nexamuii Ha TOPU3OHTANBHOM TOCKOCTU. OCh MPOXOAUT Ye- |
pe3 cepeqMHy CTEPKHS, U B OCH BPAIEHUs BO3HUKACT MOCTOAHHBII MOMeHT cun Tperus M ,= 0,15 H' m. _—

IMoBepHyBIHIMCH HA yroa ¢ =8paj, cTepKeHb OCTAaHABINBACTCSI. !

Oteer: ®y =15paz/c.
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= 7) Karymky paguyca R, Maccbl M , MOMEHT HHEPLIUH KOTOPOH OTHOCHTENILHO TOPU30HTANBHOI ocH paBeH | ,

@ K TAHYT 3@ HUTh ¢ cuioif F mox yrmom Ok ropusonTy. Panuyc HamoTku HuTH I. HaliTé npoekiuto yckope-
a‘ HUS KaTYIIKA Ha TOPU30HTAIBHYIO 0Ch X . Karymika kaTtutcs 6e3 mpocKanb3bIBaHUS.
X
_ FR? r
OtBer: 8 =—— | COu——|.
[+mR R
8&) Ha rmaakoi ropu30HTAIEHOM IIIOCKOCTH JISKUT OJHOPOIHBIA TUCK pamnyca R. Ha HeTo 0cTOp0oKHO TIOTOKMITH )
Jpyroii Takoi e JAUCK, paCKpy4YeHHBIH 10 YII0BO# ckopocTh g . Koadduuuent Tpenus Mexay JUckaMu paBeH
M . Uepes kaKoii MpoMeXyTOK BpeMeHH { IMCKM HA4YHYT Bpamarhesi C OAHOW M TOH JKe yrIIOBOI CKOPOCTHIO? @

Otser: t =3Rw,/(810). |

3anstue 15. Tema: 3akoHBI COXpPAaHEHUS UMITYJIbCA © MOMEHTA UMITYJIbCa
1 UX UCIIOJIB30BAaHHUC B 3aJa4aX MEXaHUKU

8. 3axonwl coxpanenus

8.1. Ponw 3axonoe coxpanenus é ghusuxe

8.2. 3axon coxpanenus u usmenenus UMnYIbCA.

8.3. 3axon coxpanenuss momenma umMnyavea.

8.4. Ilpumenenue 3aKOH08 COXPAHEHUSI UMNYIbCA U MOMEHMA UMNYIbCA 8 3a0ayax mexanuku. CHOIKHOSeHUs mel.

BosHukaeT Bompoc: moueMy oaHU (GU3MIECKHE BEIUIUHBI BO BCEX MPOTEKAIOIINX MPOMECCAaX COXPAHSIOTCS, a IpyTue —
HeT. OTBET B TOM, YTO 3aKOHBI COXPAHCHHUs UMEIOT Gojiee TIy0OKHe MPUYMHBI, YeM ypaBHEHHs AUHAMUKH (3akoHbI HbIOTOHA).
Kaxnomy 3akoHy COXpaHEHHUs, KaXA0H COXpaHSIOIENHCs BeIMUYUHE COOTBETCTBYET KaKas-TO CHMMETpUs], UHBAPUAHTHOCTh B Ha-
mem mupe. Tak

--3aKOH COXPAHECHUS 3HEPIUM CIeAYyeT U3 MHBAPUAHTHOCTU BPEMEHU. IIPU OJMHAKOBBIX YCIOBMAX BCE U3MEPEHUS, BCE
MIPOLIECCHI JIOJDKHBI OBITH OZMHAKOBBIMU B JIF000If MOMEHT BPEMEHH;

-- 3aKOH COXPaHEHUs MMITyJIbCa CJIeyeT N3 NHBAPHAHTHOCTH NPOCTPAHCTBA OTHOCUTEIBHO CIBHUTa: BCE YpaBHEHUs (Qu-
3MKY Ha M3MEHATCS, €CIIM IIEPEABUHYThH Hadallo CHCTEMBI OTcYeTa (CHCTeMBI KOOpANHAT);

-- 3aKOH COXPAaHEHHUs MOMEHTa HMMIIyJIbCa CIelyeT W3 MHBAPHAHTHOCTH NPOCTPAHCTBA OTHOCHTENBHO MOBOPOTA: BCE
ypaBHEHUs GM3HKU Ha U3MEHSTCS, €CJIM OBEPHYTh CUCTEMY OTc4eTa (IOBEpHYTh OCH KOOPAHMHAT Ha 1000 yrou).

MoO>XHO ITOKa3aThb, YTO YpaBHEHHS AUHAMHKH (3aKOHBI HBIOTOHA) SBIAIOTCS CJICICTBUSMH 3aKOHOB coxpaHeHus. Ho uc-
MOJTB3YSl 3aKOHBI COXPaHEHHS MOXHO PEILINTh 33aYH MEXaHUKH OOJIee MPOCTO, 9E€M HCIIONb3Yys YPABHEHNUS IBIDKCHHUS.

VYpaBuenue aBmkenus (2-i 3akoH Hpl0TOHA) MOXKHO 3amucaTh W MPOYUTATH MMO-UHOMY, €CJIH BBECTH €Ille OJTHO MOHSTHE —

MMITYJIbC CHIIBI 3a Bpemsi dt : ato F dt . Torxa, HHTETpHUpYs 110 BpeMeHn oT ; 1o {5, momydaem: |32 - |31 =A\P= IfBHeHI dt ,fr.e.

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

Ecnu Bce BHEIIHUE CUIIBI, ,ueﬁCTBylonme Ha CUCTCMY, YPAaBHOBCHINBAIOTCA, T.C. FBHeIH =0 to0 cuc-

AN CTONKHOBEHME
LLIaPOB dP =
—. TeMa Ha3pIBAETCA 3aMKHYTOH. /{51 Hee E =0 wim |P =CONSl— moJiHbIil UMIYJIbC 3aAMKHYTOM CHC-

/

- )
\
777777777, TEeMBbI COXpPaAaHACTCH. DT0 — 3aKOH COXPAaHECHHUS UMIYJIbCA.
l@ Ecmn FBHeLu = 0, HO FBHem X = 0, TO COXPAHACTCA TOJBKO ITPOCKOHA HUMITyJIbCa HAa COOTBETCT-
BYIOIIIYIO OCh: PX = const, yTo TaKxke IIUPOKO HUCIIOJB3YCTCA B IIPUIIOKCHHUAX.
Yacto F z0 , HO MeliCTBHE BHEITHUX CHJI JIJTUTCSI CTOJIb Majioe BpeMs At -0 , UYTO UMITYJIBC HC yCIICBACT 3aMCTHO M3-

BHECIII
Mmenutsest: AP =F, . At - 0. B atux ciydasx (6bICTpoe CTOIKHOBEHHE, B3PBIB U T.II.) TAKXKE MOXKHO IPUMEHSThH 3aKOH CO-

XpaHCHHUA UMITYyJIbCa.

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

3aMeTI/IM, YTO 3aKOH COXPAaHCHMS HUMIIYyJIhCA MMECCT BEKTOPHBLIM BM/: Z pHa‘IaJILH 22 pKOHe‘IH . BeKTOpI)I
a
HUMITYJIBCOB, KaK 1 BEKTOPBI CHJI HAAO0 CKIAABIBATH ITO IIPAaBHIIY Iapaiieiiorpamma. HpI/I 9TOM HE 00s13aTEILHO apu-
‘ C
KOCHHYCOB. €CJIM HM3BCCTHBI JBC CTOPOHHI 4, b u Yroj MEXay HUMHU 9, TO KBagpar HpOTI/IBOHOJIO)I(HOﬁ CTOPOHBI b

ot >
°

CTOJIKHYJIHCh U CIIUILIIUCH. Hatitn BCIIMUYMHY UMITYJIbCA ITOCJIE CTOJIKHOBCHHUA.

Pewenue 1 ([MpoeKny HA OCH KOOPIMHAT) Pewenue 2 (reopemMa KOCHHYCOB) —

Puc* Pax = P'xi _\/ﬁ [
- . = -2 coqm-90).
Py +Poy = Pyi " (p5)*+(py) p'=y/ P + P2~ 2pyp, cogm-6) v

c® =a?+b?-2abcos)| .
Ilpumep: nBa TIACTHIMHOBBIX IIIApa MMENH HMIYIbCHl [ M Po, JNeTenu moj yriaoMm 0O, y Oe\§1 -
O’”}Q\p'
2
ﬁr
P e P,
\\
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To4HO Tak ke U3 ypaBHEHHUs JUHAMUKH BPAIaTeIbHOTO IBHKCHHS r =>M__ - crenyer
b
3aKOH M3MEHeHHst MOMeHTa uMmityibca |L, —L = AL = J' > M gy dt Y 3aKOH COXPaHEHHs MOMEHTa UMITyJIbCa!
Ll

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 YCIIEBACT 3aMECT-

HO u3MeHuThes. AL =M

srem At — O (cToMKHOBeHHE, B3PBIB U T.IL.).

3aoanus:
1. Tlo xako¥ mpUYIMHE CTOSIINNA Ha MECTe aBTOMOOWIIL HAUWHAET JIBUTATHhCS ¢ yeKopeHueM? By-
‘ ‘ N IyT JIH €TO YCKOPSATH CHIIBI TPEHHUS, IPWIOKEHHBIE K Kojecam? [loueMy aBTOMOOMIIb OCTaHABIIH-
LO 0 _ ¢ BACTCH NPH BHIKIIOYCHHH [BUTATeNIs, XOTs KOJECA BPANIAIOTCS B Ty JKe CTOPOHY M HAIPaBICHHE
s CHWJI TPCHHSI HE MEHSACTCS ?
S SO S 7 )
FTP Fpp ‘
2) MoyeMy M3MEHSIETCSI YTIIOBask CKOPOCTh BpalleHHs (PUTYPUCTa, KOT/a o
OH BBHITATHBAET PYKU B CTOPOHY WJIH MPUKUMAET PYKH K TYJOBHUIILY.
2) 6) Ti E’;) HBa CTEPIKHS COCMHCHBL paCTﬂHYTOﬁ HEBe-
T=0 c COMO¥ TIPYKUHKOW W MPYOKATHI K TJIaKON TOPU30H-
- - Ca / TanpHoI moBepxHOCTH (pHC. a). OTIyCKaeM CTep)KHH,
Fynp ACh /& i 2 ¥ KOTJa TPYXXIHKa COXMeTcs, mepexuraeM ee. O0a cTep)kHs OyIyT BpaIiaTh-
P Cr C é: «5%. \L{ cs1 1o 4acoBoii crpernke (puc. 6). Ho cuibl yrpyroct HanpaBieHbl BAOIb O/1-
ymp : ¢ L HOUW JTMHUH, UX CyMMapHbIii MOMEHT paBeH HYIIIO, U MEPBOHAYAIBHO PaBHbIH
V— HYJI0O MOMEHT MMITYJIbCa CHCTEMBI H3MEHUTHCS HE MOXKeT. VI3MeHHuTCs i Mo-
L, MEHT UMITYJIbCa CHCTEMBI TIOCIIE TIEPEKUTAHUS TIPYKIUHKH ?

9 7
. s - t - t
4) YacTuia JBHKETCS B IUIOCKOCTH MO ICHCTBHEM CHITBI, KOTOPAst 3aBUCUT OT BPEMEHH 110 3aKoHy F (t) =i Dﬁ{—] + ] EB(—) ,
T T

rae A, B —ImocTosHHbBIE BETUYUHEI, |, | — €IMHUYHBIE OPTHI B IEKAPTOBOM CUCTEME KOOpAUHAT. HaliTh MOIyIb H3MEHEHHS

numIyibca 3a narepsai Bpemenn O<t<lc,ecmu T=1c. 4 =2H, B =3H.
Ortser: 0,425kr*m/c.

5) Jlpa miacTHIMHOBBIX Iapuka ¢ maccamu My =100r u M, = 200T ABIKYTCS BO B3aUMHO MEPICHINKYISPHBIX HATIPABICHH-
X co ckopocTsiMUA V1 =4 M/c u Vo =3 M/c coorBercTBeHHO. OHM CTATKHBAIOTCS U CIUMAKOTC. HallT BeNMMYUHY CKOPOCTH

CIIMIIINXCS [IAPUKOB MTOCIIE CTOJKHOBEHHS.
Ortser: 2,40Mm/c

6) [lBa miIacTHIMHOBBIX Iapuka ¢ maccamu My =100t u M, = 2001, ABUTABIIMXCS IO YIIIOM O = 60°

JPYT K OPYTY €O cKopocTaMu V1 =4 Mm/c u Vo =3 M/c COOTBETCTBEHHO, CTOJKHYJIUCH U CIUILINCH. HaiiTu

BEJIMYUHY CKOPOCTH CIIMIIIINXCS [IAPUKOB [TOCIIE CTOTKHOBEHUS.
Ortser: 2,91M/c

7) I[Ba HCBECOMBIX CTCPIKHA NJIMHBL b COCIMHEHBI MO yriioM O = 60 u BpallarTCs 0e3 TpCHUSA B TOPU30H-

%2 .o ransHoil IIOCKOCTH BOKPYT BepTHKaIbHOW ocu O ¢ yrioBo# ckopocThio W = 6 pan/c. Ha koHIie oqHOTO 13
b \b CTepKHEH MPUKPEIJICH OYeHbh MaJICHbKUM MACCHUBHBIN MIApHUK. B HEKOTOPBIN MOMEHT YTroJ MEXIy CTEpK-
1 HSMH CaMOIIPOU3BOJILHO yBenuumics 10 0Oy = 120°. C xakoil yrioBoil CKOPOCTHIO CTana BpallaThCs TaKas
(DCO crcremMa? Otser: 2 pan/c.
8) Ha ropu30HTaIbHOM IJIOCKOCTH JIEXKHT B IIOKOE€ TOHKHU OTHOPOIHBIN CTEPKEHb MacChl M m
=100r wu mmmHel | = 1M, KOTOPBIA MOXKET BpalaThCs BOKPYT BEPTUKAIBHON OCH, IPOXOIs- m %
mieit uepes kouerl crepxast O. ITox yrimom 0 =3(° K CTEPIKHIO B TOH K€ MIIOCKOCTH JABHIKCTCS "0 ]

MaJICHBKUH IUIACTHIIMHOBBIN mapuK Takoi sxe maccel M =100r co ckopocteio V = 1 m/c. Illa-

DMK IPHUITAIIAET K KOHILY CTEPKHs. HaliTH yriaoByro CKOPOCTB BpAIEHHs () CHCTEMBI ITOCIIE CTOTKHOBEHUS.
Ortser: 0,375pan/c.

9) ITuena, eTeBmas co CKOPOCThio V = 1 M/c mo kacarenpHO#M K 0001y JIETKOTO TOPH3OHTAILHOIO JHUCKA Mac-
cel M = 4r u paguyca R = 10cM, cagurcs Ha obon aucka. [lociie 3TOro QucK Havan BpAIaThCs C YIIIOBOM
CKOpOCThI0 W= 5pan/c. Uemy paBHa Macca M myeb?

OtBer: M=2 1.




10) Toukuit omHOPOIHBIN AUCK Macchl M= 1kr u paanyca R= 1M BHCHT HEIMOABMKHO M MOKET BpaIllaThCs B
BEPTUKAJIBHOM IJIOCKOCTH BOKPYT TOPHU3OHTAIBHOM OCH, MPOXOAsMIeH dyepes ero kpait O. ITox yriom o =30° k m
TOPU30HTAIN B TUIOCKOCTH BPAICHHS TUCKA ABMYKETCS MAJICHBKUH TUIACTHIIMHOBBIM MIApHUK TaKOH e MacChl M =
1xr co ckopocthio V = 1 m/c. lllapuk npumumaeT K HIKHEH TOUKE HETIOABMKHO BUCSIIEro aucka. Haiitu yrio-
BYIO CKOPOCTbH BpallleHHsI, KOTOPYIO CHCTeMa MPUOOPETACT MOCIEC CTOJKHOBEHHUS.

Ortser: 0,315pan/c. m}z
]

M I 11) Ha pacctosEuu I = R /20T 0cu HOKOSAIIErocs TOPU3OHTAILHOTO AUCKa Macckl M 1 paauyca R cuaut xyk mac-
@ cel M . CKakoif YIIoBOil CKOPOCTBIO HAUHET BPAIIAThCA AUCK, €CIH XKYK IOMOM3ET 110 OKPYKHOCTH pajguyca I ¢
J ™  mocrosmmoii ckopocTio V oTHOCHTENBHO HicKa? TpeHneM B OCH JHCKa MPEREGPE®.
Otget: ® = 2mV/ (2MR+ mR)

12) ToHKuit 0JHOPOIHEIHM CTEPKEHb MacChl M= 1Kr u umiHbl | = 1M MOXeT Bpamarscs B BEpTHKaILHON

m TUIOCKOCTH BOKPYT TOPH30HTANILHOM OCH, IPOXOsiiel uepe3 ero koHen. C pa3HbIX CTOPOH Ha CTEPIKEHb TOpH-
! 30HTAJILHO B TOM K€ IJIOCKOCTH HAaJIETAOT /IBA OJAMHAKOBBIX [UIACTUIIMHOBBIX IIApHUKa TOW K€ MacChl
3 M= 1kr ¢ oJMHAKOBBIMHU CKOpocTsIMH V = 1wm/c. [TepBolii mapuk 3acCTpeBacT B IEHTPE CTEPIKHsI, BTOPOit — B
me—=1C HIDKHEM KOHIIE OJJTHOBPEMEHHO ¢ IepBbIM. HaliTh BETMUMHY YIIIOBOM CKOPOCTH BpAIlEHHs, KOTOPYIO CHCTEMa
__ IpuoOpeTaer IMocie CTOJIKHOBEHHUS. Ortser: 0,316pan/c;
~Lom

3ansatue 16. Tema: 3aK0H COXpaHEHUS U U3MEHEHHSI MEXaHUYECKOH SHEPrHH

8.5. Paboma cunvt u momenma cun. Mownocme.

OOBIYHO PUXOJUTCS UMETH JEJIO C CHJIOH, IIEPEMEHHON KaK 110 BEJIMYMHE, TaK U M0 HaIpaB-
JICHUIO, U ACUCTBYIOIIEH Ha YacTHIly, ABIKYIYIOCS 110 KPUBOJIMHEHHON TpaekTopun. Hanpasnenue

cunel F cocransier ¢ TpaekTopueit yron O (BooGmie roBops, mepeMeHHbIN). 3a Bpems dt wactu-
na nepemecturcs Ha dF (puc.3.1),u cuiia COBepIIUT Hajx Hel paboTy, KOTOpas IO ONpEIETIEHHIO
paBHA CKAJSIPHOMY IMPOU3BEICHUIO BEKTOPA CHJIBI HAa BEKTOP OECKOHEYHO Majoro IepeMeIIeHUs

dA=F dF. Oty hopMyIy MOKHO 3aITHCATh U MO-IAPYTrOMY:

dA=F |dF|C0$O( =Fd cost =R dl rme R -mnpoekius cunbl Ha HampasiaeHue Tpackropun, dl —

0eCKOHEYHO MaJIbIi MyTh. BrIpaxkeHne st paboThI MpH KOHEYHOM IEPEMEIIICHUN 13 TOYKH 1 B

2
TouKy 2 OyaeT BeIpakaTbes uHTErpaioM: |A,-,= | F di.| Eciu sxe Ha Te10 OMHOBPEMEHHO AENCTBYIOT HECKOJIBKO CHII, TO MX
12
1

cymMMapHas paboTa paBHa ajJredpandeckoil cymme padoT KaKIOW CHIIBI, HITH paboTe pe3yIbTHPYIONICH CHITBI
Apes =[P OF = [ X Fj dF = 3 A
| |
3Hak pabOThI KakJI0H CHJIBI B 3TOH CyMMe 3aBHCHUT OT HanpaBieHus Bektopos F u dfi . Cuyia coBepiiaeT nonoKUTeNbHYIO

paboTy, KOoT1a OHa HampaBlieHa MO JIBIKECHUIO" (O( < T;/Z) , 1 OTPUIIATEILHYIO — KOTIa OHA HaIpaBJICHA

"mportus newkenus” (0 >TY2). Kpome Toro, Hao yuuThBaTh, uto dF —3TO MepemMenienue TOUKH 5 @
NPUJI0KeHHs cuJibl. Harprumep, pn KadeHNH IIHHAPA 0e3 MPOCKAIb3bIBAHMS HAa TOUKY KacaHUS 0 =/
IIJIMHIPA C THIOCKOCTBIO AEHCTBYET CHla TPEHNUsI, HO CKOPOCTh 3TOH TOYKH paBHA HYJIIO, OHA HE Iepe- LSS TLSS
MEIACTCS ¥ TO3TOMY NPH KaueHUHU 0e3 MPoCKaJIb3bIBAHHS CHJIA TPEHHUSI He coBeplIaeT padory. o
N dA __ - dr
MoImHOCTD CHIIBI paBHA paboTe, COBEPIICHHOI 3a eIMHUIY BpeMeHu: P = Y == o WA

. Pabota mamepsiercst B mroyisx (1 [k = 1 HeroToH-M); MOImHOCTE m3MepsieTes B Bartax (1 Bt = 1 JIx/c).
IMpu mOBOPOTE TeTa BOKPYT HEMOIBHKHOMN OCH Z paboTy coBepImacT MOMEHT CHIb. [IpH ToBOpoTe Ha OECKOHEYHO Ma-

= b2
asii yron df pabora Mmomenta cuisl pasaa [dA=M d§ =M ,d¢ |, a nmpu noBopore Ha KoHeuHBIH yrom |A,= J' M, d¢|. Coort-
b
dA do
BETCTBEHHO, MOIIHOCTh Pa3BUBAEMasi MOMEHTOM CHJIBI P = rm =M 25 =M,w.

3aoanus.
1) Heb6ospmioe Teao Havaio ABHKEHHE U3 Havajia KOOPAWHAT BIOJIb TOPH30OHTAILHONW OCH X IO ACHCTBUEM CHJIBI, HAITPABICHHON

3
X
o yrioM O = 3(° k ocu x. Moy CHIIBI MEHSICTCSI B 3aBUCUMOCTH OT KOOPAUHATHI X MO 3aKOHY F = A(Ej ,rme A =1H,

b = 1M . Haiiti paGoTy 3TO# critsl Ha ydacTke mytd or0< X <b.
Otser: 0,217 k.
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2) Haiitu paboTy, IPOU3BEICHHYIO MAIIMHOW 32 IpOoMexyTok BpemeHn 0<t <1 ¢, eciu MOIIHOCTh MAIIHHBI 3aBUCUT OT Bpe-

5
MeHH 1o 3akoHy N = A(i) ,rome T =1c, A =1Br.
T
Otser: 0,167 k.

3) MaccuBHBIH TUCK MOXKET BPAIIaTHCS BOKPYT 3aKPEIUICHHON ocu 0e3 Tpenust. Haiimute paboTy MOMEHTa CHJIBI IPH TIOBOPOTE

2
JIMCKA Ha YTOJl @, €CIIM MOMEHT CHJI, IEHCTBYIOIIMIA Ha IUCK, 3aBUCUT OT yIJila IOBOpoTa ¢ 110 3akoHy M = A 2
Po

rne A =1HD1, ¢g =1 pan. Otsert: 0,333/x.

4&) Haiit MOIIHOCTH JBHUTATEINsl BEPTOJIETA, HEMOABIKHO 3aBUCIIETO B BO3ayXxe. Macca BepTosi€ta M = 41 , paauyc Jonacrei
BuHTa R = 8M , mioTHOCTH BO3/yXa p =1,09KF/M3.

Oteer: P=, (mg)3/ pnR?) = 483«Br.

8.6. Koncepeamu(mble U HEKOHcepsamueHbvle CUJlbl.
8.7. HOmeHl[uaﬂbHaﬂ U KuHemu4deckas IHepcus npu nocmynamejlbHom u epauiameibHom O0BUICEHUU.

dav s
B peE3yabTaTe NEUCTBUA CUJIBI UBMCHACTCA CKOPOCTh YaCTULBI. 3annn1eM BTOPOU 3aKOH Hprorora m— = Z F U YMHOXUM

" av _dr _
Ka)XKIYIO €ro 4acTh CKaJspHO Ha 3jeMeHTapHoe nepemenienne dr . B urore moayunm: m—dr = mdv— = nwdv =

dt

- V>2<+V32/+sz V2 2
=) Fdr =d A Ho VdV =v,dv, +vydv, +v,dv, =d — =d| — |, nmosromy d — =dA.

Bemnuuny |Eg,y =

mv?
2

Ha3bIBAlOT KMHETHYSCKOW JHEpruedl JyacTuill. PaGoTra BeexX cHMJI, JedCTBYIONIMX HA YACTHILY,

2 2 2
. nms nmv -
uIeT HA H3MeHeHHe ee KHHeTH4ecKoii sneprum, t.e. dE ., =dA wm E > - E 1 =—22 ——21 = IZ Fdr.
1

Ecmm MmaccuBHOE TEI0 ¢ MOMEHTOM WHEpIH | Bpammaercst BOKPYT 3aKpEIUIeHHOH OCH, TO CyMMa KHHETHIECKUX YHEp-
THI COCTABISIONIMX €0 MaTepUaIbHBIX TOUEK | E

2
_ZmiViZ_ mi(riw) _lo?
KUH I 2 I 2 2

DTO — KHHeTHUYECKAsl YHEPTUs BpaIlaTellb-

HOTO JIBIXKeHus. BE usmenenue papHo paboTe MOMEHTOB CHJI, Bpamaronux Teno: |AE, gy = A(I (,02/ 2) = J' M.dd|.

Onpedenenue: cuia, padboTa KOTOPOIi He 3aBUCUT OT (POPMBI M JJIMHBI IIyTH (OT Tpack-
TOPUH TOYKH TIPUIIOKEHHUS CHJIBI), HA3BIBACTCS KOHCEPBATHBHON critoii. PaboTa KOHCepBaTHBHOM

CHIIBI IO JIFOOOMY 3aMKHYTOMY KOHTYpY (YacTHI[a BO3BPAIIAETCsl B UCXOHYIO TOYKY) PaBHA HY-
JI1O0.

A,,=const

PaboTy KOHCEPBATHBHOU CHJIBI MOKHO MPEJCTaBHTh, Kak n3MeHeHue (yOblib) HEKOTO-
poii ckansapHO# QyHKIMU E, , 3aBHCSIIEH TONBKO OT ITOJIOKEHHUS YaCTULEI (Tesa), KoTopas Ha-
3BIBACTCS HOTCHIMAIBLHON YHEPIHEH!

2
dA cone = Fonedl = =0 or | mmi | Epgr1 = Epgro = —AE; o, 2,[ concdr -
1

DT0 - ompeieNieHre MOTeHITNANBHOM Heprun. KoHCepBaTUBHBIMU OYAYT:

1) cuna rpaBuTanMOHHOTO MpUTSDKEHN Fppp =G mlrznz , UL KOTOPOIl TMOTCHIINANBHAS SHEPTHS IPUTDKEHHSI IBYX Tell C
r

Maccamu My u My paBHa Ejgp pas (1) = ¢ ;
r
F 2)cuna yrnpyroctu lfynp =—KkT, 111 KOTOpO¥ MOTEHIMANBHAS SHEPT U yIpyroi aedopmanuu (pac-
ymp
7 <—— r kr?
7 5 " TSDKEHMS PYXKMHBI € JKECTKOCThIO K Ha umHy ') paBHa Ejopyyp (1) = -
U(o)=0 3) cuna TsokecTH F =M, ams KOTOpoi moTeHnMAanbHas sHeprus E . =mgh .
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3aMeTHM, 9TO MOTEHIHAIbLHASI JHEPrHs oNpe/eeHa ¢ TOYHOCTHIO 10 NPOU3BOJIbLHOI MOCTO-
siHHO#. Tak Kak U3BECTHA TOJBKO €€ PA3HOCTh, TO K BRIPAKCHHUIO E . MOXHO 106aBHTH WIH BHIYECTD JHO- T h
6Y10 TOCTOSHHYIO BEJTHUHHY. S ohotam
Hanpumep, MOTEHIHATIBHYIO HEPTHIO Tella MOKHO BBIYMCIISATH OTHOCHTENHLHO YPOBHS JIFOGOTO 3Taka
3/1aHAs, OTHOCHTENBHO YPOBHS MOPSI, OTHOCHTENBHO IEHTPA 3EMIIA | T.1I.; BEINYHHA €€ IPH TOM, KOHEUHO,  |=blil otax
Gy/eT pasHoM, HO paboTa KOHCEPBATHBHOI CHIIBI TSUKECTH IIPU NepPEMEIeHnn Tena M BO Beex cydasx 0y-
JIeT OJTHOM U TOoH xe!
[To3TOMy B Ka’JI0M KOHKPETHOM CIlydae JOTOBAPUBAIOTCS O HAYajle OTCYETA MOTEHIMANBHOM YHepruy (B KaKoi HMeH-
HO TOYKe clenyer cuntath E . =0 n3 cooOpaxenuit ynodcrsa).

N HexkoHcepBaTUBHBIMU Ha3bIBAIOTCS CHIIBI, pa00Ta KOTOPHIX 3aBHUCHUT OT JUTHHBI U (hOPMEI ITy-
/§ . OTCIO/Ia CIIAYET, UTO Ha 3aMKHYTOM ITyTH paboTa HEKOHCEPBATUBHBIX CHJI HE paBHA HYJIO, U
1 C HUMH HE CBs3aHA MOTCHIUANILHAS SHEPTHS.

2 IIpumepaMu HEKOHCEPBATUBHBIX CHJT SIBJITIOTCS: CHJIA TPEHUS CKOJBLXCHUS M CHIIBI BI3KOTO Tpe-
pd Hus. Tak, U3 pUCyHKa clieBa BUJHO, YTO pad0Ta CHIIBI TPEHUS CKOJILKCHUS 3aBUCUT HE OT IepeMeliie-
F N HUS TeJIa, a OT JUTUHBI Ty TH. AI]3 =—uNI, ¥ He paBHA HYJIIO IPH BO3BPALIEHUH TeJla B HCXOIHYIO

™ mg
TOYKY.
3aoanus:
U Il 1) HeGorpmias maiiba HaYUHAET JABMKEHUE 0€3 HAYaIbHOW CKOPOCTH TI0 TIAJIKOM JIeASTHOM
A, ropke u3 Touku A. COMpOTUBIICHUE BO3yXa MPEHEOPEIKUMO MaJ0. 3aBUCUMOCTh TIOTCHIIU-
100 '\\\ anpHoM Heprun U (X) Iai0bI OT KOOPIUHATHI X M300pakeHa Ha rpaduke cieBa. Kuneru-
AN . .
80 B yecKast 9Heprus maiiosl B Touke C (YKakuTe MPaBHIILHBINA OTBET):
60 a) B 2 pa3a 0OoJiblie, 4eM B Touke B
40 0) B 2 paza MeHbIIIE, YeM B TOUKe B
C_] B) B 1,75pasa Goibie, yeM B Touke B
20 et
r)B 1,75pa3a mMeHbiie, yeM B Touke B U, T
\
0o 2 4 6 8 10 12 xm 100 -
AT Vo
. 80 =t
2) Teno maccsl M = 10kr HAYMHAET ABMKEHHUE CO CKOPOCTBIO Vg = 4M/C 10 riaakoit tems-
HO¥ ropke n3 Touku A. CONMpOTUBIICHUE BO3yXa PEHEOPEKUMO Majio. 3aBUCHMOCTh TIOTEH- 60
IUATLHOU SHEPTUH ATOTO Tela OT KOOPAUHATHI X n300pakeHa Ha rpaduke U (X) cnpasa. B 40
Touke B Teno, yaapusimuce, npuamMnaeT K crene. CKOJIBKO TETUIOTH BRIAETMIOCH B PE3ynbTa- 20 N —+4B
Te HEYNpyroro yaapa?
Ortser: 140 1. 0 2 4 6 8 1012 xm
?0 3) [Iait6a macce M = 1 Kr, ABUrasich Co CKOPOCTHIO V= 1Mm/c, cockasb3biBaeT ¢ TOPKU BEICOTH N = 1 M.
Bo Bpemst nBiKeHuMs Haj 1ait6oit Obla copepiuena paboTa cun Tpenus 4,, = 1 /I, yckopeHne cBo60HO-
h Z= TO majenws g = 10M/c?. HaiiTi BeTHIMHY CKOPOCTH IIAHOBI V I0CIIE COCKANB3BIBAHMS C TOPKH.
s Ortser: 4,36M/c.

4) IacTuinHOBRIE mapsl ¢ Maccamd My = 20T u M, = 30r, nmereBmue co ckopocTsimu V1 = 40m/c u V, = 20m/c BO B3a-
HMHO TIEPICHIUKY/ISPHBIX HAITPABICHHUSX, CTOJIKHYJIMCH U CIMILINCh. Kakoe Temio BeIACINIOCH ITPH yaape?
Otset. 12 ]I%.

5) laper ¢ MaccaMu M1 =M 1 M, = 2M MOABEUICHBI HA HUTSAX OJMHAKOBOW TuHBI L. Bombimmii oTBOIST Ha L L

yroia o = 60° u OTIYCKAIT 0e3 HayaabHOU CKOpocTH. Ha Kakyro BeicOTy h MOAHUMETCS] MEHBIIMH IIap mocie

[EHTPANBHOTO y/1apa, eClid yaap a) abCOMIOTHO YIpyrHid; 6) aOCOMIOTHO HEYNPYTUii? i,
Otser: a) h=8L/9;6) h=2L/9. it

6) Cronb3siInii 1Mo JIbAY LIap HAJETAeT Ha MOKOUBIIHIACS I1ap BABOE O0JIbIIei Macchl. Y ap abCOIIOTHO YIPYTHid M HELEHTPAb-
HBII. BennuuHbl ckopocTeli mapoB nociie yiapa oauHakoBsl. [1o1 kakuM yriioMm O Imapsl pa3jieTaroTcs mocie yaapa?

Otser: a=120.

7) JleTsamas rpaHaTa pa3opBajlaCb Ha ABa OCKOJIKA. Macca 0JIHOro U3 HUX BJBOE 0OJIbIIIE MACCHI APYyroro. O06a 0CKOJIKa JIETAT nona
yraiom a = 600 K HallpaBJICHUIO ABUXKCHUSA T'paHAThI 1O B3PbIBaA. Bo ckonbko pa3 UBMCHACTCA KUHCTUYCCKAsA SHCPIUd CUCTEMBI B

MOMEHT B3pbIBa?
OtBer: yBenuuuBaercs B 4,5pasa.

8) HeBecomas HepacTsDKMMasi HUTB ITepeOpoLIeHa Yepes IIaJKie OIophl, HAXOIIHeCs Ha OJHOM FOPH30H-
TaJIbHOM ypoBHe. PaccrosiHue mexy onopamu L = 3M. K KoHIIaM HUTH U K €€ cpejiHel TOUKe MEK/1y oropa-
MM IIPUKPEIUICHBI OIMHAKOBBIE TPy3bl Maccoi M= 1kr kaxablid. B HauanpHBIIl MOMEHT BpeMeHH cucTeMa Ho-
KOMJIACh, KaK II0Ka3aHO Ha PHCYHKE, a 3aTeM e€ OTIIyCTHIIM 0e3 HauaJIbHOIM CKOPOCTH, M CHCTEMa IIPHIILIIA B
nBukeHue. Halltu MmakcuManbHOE 3HAUCHHE CYMMapHOH KHHETHYECKOM HEPrUH BceX TPEX IPy30B B IMpoliecce

3TOTO JIBUKCHUS.
Ortgert: 4,02 1x.
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9) Hwuaap ¢ maccoit M=0,1kr wuc paguycom R=0,5M karurcs 6e3 IPOCKAIL3BIBAHUSI M HMEET B HaYaIb- /7 -
. [4
HBIIt MOMEHT BpeMeHH KuHeTnuecKyto suepruto 800 /Ix. MomeHT cni Tpenus cosepumi padory 200/ x. Uemy
CTaja paBHAa KWHETHUYECKasl DHEPTHs BPAIIATeJbHOT0 ABWKEHHS [IMIMHPA, TPOJOIDKAIONIETO KaTUThCs Oe3 mpo- /

CKaJb3bIBAHUS ? Oteer: 200 Ix.

10) I[Ba MaJICHbKHUX MAaCCUBHBIX IIapHKa 3aKPCIUICHbBI HA HCBECOMOM JJIMHHOM CTCP>KHE Ha paCCTOSHUMU I

r, !
IpyT ot apyra. CTepKeHb MOXKET BpalaTbcs 03 TPEHUsI B TOPU3OHTAILHOM TUIOCKOCTH BOKPYT BEPTHUKAIIb- J}, } f: 5 j } JD
HOM ocH, poxoAiIeil mocepenute Mexxay mapukamu. CTepKeHb PaCKPYTUIIH U3 COCTOSIHUSA MOKOSI 10 YT- O

oD

JIOBOI CKOPOCTH (), TIpH 3TOM ObLIa coBepiieHa padora A;=1 [Ix. [llapuku pa3aBHHYIN CHMMETPUYHO Ha
paccTostHue I, = 211 B paCKPYTHIIH JI0 TOH JKe YIIIOBO# ckopocTh. Kakast paboTa mpu 3ToM ObLTa coBepIieHa?
OrtseT: 4 JIX.

11) B nieHTpe rOpU30HTAIBHOTO IUCKAa MacChl Mj u pamuyca R |, Bpamaromerocs: 6e3 TpeHust BOKPYT 3aKpPEIUIEHHON BEpTHKAIb-
HOIT OCH CHMMETPHH C YIII0OBOI CKOPOCTBIO Mg, CUIUT JKYK Macchl My. Kakoe TemIo BEIIENNTCS, €CIIH JKYK: a) Hepenoy3éT Ha

Kpaii 1ucka, 6) mepenphIrHeT Ha Kpai qucka?

2 2
m;m, R°®
OtBer; Q=—2-2—20
2(my +2m, )
m 12) Ha abCoOTHO TIIaAKOM JIbAY HMOKOUTCS JETKHUI TUCK paguyca R u maccer M. JIBa MalleHBKUX Ky-
COYKa IUTACTHIIMHA TOH JK€ MacChl M CKOJB3SIT IO JIbJY HABCTpPeUy APYT APYTY C OJMHAKOBBIMHU CKO-
v @ v poCTAMHU V TO KacaTelbHOW K 0001y JUCKAa W OJHOBPEMEHHO MPUJIMIAKT K HeMy. Bo ckoibko pa3
MPY 3TOM YMCHBIIACTCS KHHETUYECKasl JHEPTUs BCCH CHCTEMBI?
m . T
Otser: B 1,25pa3a.

13) [omuIeH I y OCHOBAHHS TOHKHiT BEpTUKAIbHBIH cToI0 BeicOThl h = 15M mamaer Ha 3emimo. Uemy paBHa cko- I
POCTh BEpXHEH TOUYKH CTOJI0A B MOMEHT yJIapa O 3eMITI0?
Otser: 21 mlc.

14) ToHKuUit 0JHOPOIHBIH CTaJBHON CTEPIKEHB MACCHI M= 1Kr M JUIMHGI | = 1M MOXKET BpalllaThCsl B BEPTUKAIBHOMN
! TUTOCKOCTH BOKPYT TOPH3OHTAJIBLHON OCH, IPOXostiei depe3 ero kouerl O. [Opu30HTAIBHO B TOH K€ TUIOCKOCTH Ha
— CTEpI)KeHb HaJETAeT CTANBHOM HIAPHK TOH e Macchl M O CKOPOCThIO V = 1 M/C U OTCKAaKUBAET CO CKOPOCTHIO
mo—=}4 U= 0,5M/c mocie abcomoTHO ynpyroro yaapa. HailTu yriioByr CKOpOCTb BPAIlICHUsT CTEPIKHS TIOCIIE yaapa.
Otser: 1,5pan/c.

15) B HWKHU#H KOHEII TOABCIICHHOTO K MOTOJKY HEIOABHIKHO BHCSIIETO TOHKOTO CTEP)KHS MacCchl M u mauHbl L
Bpe€3aeTcsl U 3acTpeBaeT B HEM MyJsl MAcChl M , JIeTeBIIAsi TOPU3OHTAIBHO CO CKOPOCThIO V. Cumras, yTo M << <<

. . M
M, ompenenuth Temio Q, BEACTHUBIICECS MPH yape U YIod O , Ha KOTOPBIH OTKJIOHUTCS CTEPKEHb C 3aCTPSBIICH B

2 o L

. N . myv 3m) . {mv| 3 _
HEM TyJe. Oteer: Q=——|1-—|; a=2arcsin —, — Vv m

2 M M \ 2gL =

16) Toukuit MaCCUBHBIN CTepKEHb JUTHHBI L 1 Macchl M , TO/BEIICHHBIN 32 OJMH M3 KOHIIOB, BUCHT HETO BHK-
0 HO. Ha kakom paccrosiauu b OT TOUKHM MojiBeCa B HETO JIOMDKHA BPE3aThCsl M 3aCTPATH B HEM My Macchl M , Jie-

TEBIIasi TOPU3OHTAIBHO CO CKOPOCTBIO V, YTOOBI UMITYJIBC CHCTEMBI TIPH yaape COXpaHwics (B TOUKe MOJBeca He
L {?Jﬁ. BO3HHUKAJIA TOPU30HTANIbHAS cHia peakimn)? [Ipuaate M << M.
m BapuaHTsl 3TOi 3aaun: KakoW TOYKOW JIOMa HAJ0 OWTH IUTAIIMSI MO IIeCTepEHKE, HACaXKuBas ¢ Ha OCh, YTOOBI
M pyKa He 4yBCTBOBata oTAaun? Kakoii Toukoit cabnu (Mauere) Hajno pyOuTh TpocTHUK? Kakoi TOUKOM Kepau HaI0
OUTP 1O KaMHIO, YTOOBI C HANOOJBIIECH JETKOCTHIO TIEPEITOMUTD KEPIh?
OtBer. b=2L/3

17) Teno HauYMHAET CKOJIB3UTh O3 HAYAIbHON CKOPOCTH C BEPXHEH TOYKH TPAMILUIMHA, KOTOpasi HaXo-
qutest Ha Beicote H = 60M Hajl MOBEpXHOCTHIO 3eMITH. B Touke OTpbIBa MOBEPXHOCTH TPAMILIHHA TOPH-
30HTaNIbHA (CM. PHUCYHOK). TpeHHEM MPU CKOJIBKEHHH TeJa [0 TPAMIUIUHY U COTPOTHBICHUEM BO3/yXa
npenebpeus. [Ipu HeKOTOPOIt BeICOTE N TOUKHM OTPBIBA TOPU3OHTABHAS JUTMHA S JANBHEHIIEro mojiéTa
Tena Oynet MakcuMaabHOW. HaliTh BeMUYnHY 3TOH MakCUMaIIbHOM JUTHHBI S “TIphDKKA”.

OTBET: Shax= 60M

=—T
|
[
1

8.8. ITnockoe osusicenue 6 mexanuxe.
8.9. Baxon coxpanenust u uzMeHeHUs NOIHOU MEXAHUHECKOU IHEPLUU U €20 UCTIONb308AHUE 8 3A0a4aX MEXAHUKU.

CyMMa KHHETHYECKOW U MOTEHIIUATLHON YHEPTUM YaCTUIIBI WJIM CHCTEMbI HAa3bIBAETCS €€ MOJHOW MEeXaHWYeCKOW AHEPTHeH:
‘EMCX = EKMH + EHOT ‘

ex — const, eciu B Helt ,HeﬁCTByIOT TOJIBKO KOHCCPBATHUBHBLIC CHUJIBI.

Ilonnas MexaHudeckas OHEPIrusi CUCTEMbI COXpAHACTCH, EM

OT0 — 3aKOH COXpAHEHUs IOJHOW MEXaHUYECKOW YHepruu. B 3ToM ciydae moTeHIManbHas SHEPrUs NPEeBpaIlacTCcs B KUHETHYe-
ckyto u Haobopot AE,,, = -AE ;.
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Ecnu B cucTeme AeWCTBYET XOTs ObI OJIHA HCKOHCEPBAaTHUBHASI CUJIA, TO MOJIHAS MEXaHUYECKasl JHEPTHUS HE COXPAHSICTCS.
2
E¢ usmeneHue paBHo paGote HekoHcepBaTUBHOI cuibl: |AE o = A orone = j F hexone LA | . B aToMm ciiyuae Mexanuueckast
1

SHEPTHsI MEPEXOIMT B APYTHe BH/IbI IHEPIUH — XMMUYECKYIO, TEIUIOBYIO U.T.11. Yarie Bcero (mpu AeiCTBUM CHI TPEHHS) — 3TO Te-
wio Q. PabGoTa HeKOHCEPBATHBHBIX CHJI TPEHUS paBHA N3MEHEHHUIO MEXaHHUECKOW YHEPTUH M PaBHA BBHIICIIAIONICMYCS TEILTY:

2

ATpeHI/I}I = J. F TPECHUA mr = Emex HayajgbH Emex KOHCYH = Q :
1

JIBmxeHMe TBEPOTO Tela, IPH KOTOPOM IIEHTP Macc IepeMenaeTcsi B QUKCHPOBAHHON ILIOCKO-
CTH, 2 OCh BpAIlleHHs TeJa, IMPOXOISIIas Yepe3 ero MeHTP Macc, OCTAeTCs MePIICHANKYISIPHON K

STOH IJIOCKOCTH, Ha3bIBACTCS IUNIOCKUM JBIDKEHUEM. THITMYHBINA pUMep — KadeHHE CHMMETPHY-
HOTO TeJa. DTO IBMKEHNE MOYKHO SBIISICTCS CIIOKEHHEM TOCTYIATeIFHOTO IBMKCHUS U Bpallle-
HUS BOKPYT HEMOABIKHOM ocH. [103TOMY TITOCKOE IBHKEHHE OMHCHIBACTCS YIIPOIIEHHON CHC-

mac = FBHem ,
le=M,.
Kunernueckas OHEPIrud Tejia, COBEPUIAOMICTO IIOCKOE ABUKCHUC, CKIAAbIBACTC U3 KUHETHUYC-
cKoM OHEPIruu NMOCTYyNaTCJIbHOI0 ABUKEHHUA CO CKOPOCTHIO IICHTPpA MAaCC U KUHETUYECKOU OHEP-
2

2
nmv, lw
o . —_ C
UM BPAIIATEIBHOTO JABMKEHHUS BOKPYT OCH, IPOXosiiei yepe3 ueHrp mMacc: | B mnock =~ +

TEMOMH JIBYX YPaBHCHHU JBUKCHHUS

2 2
HpuMep: 6I/IJ'II)SIp,HHI>Ie mapbl HE CKOJIB3AT, a KaTATCA 10 CYKHY 6I/IJ'IL$Ip[[HOI‘O crona 6e3 MMPOCKaJIb3bIBaHUAA. HpI/I OCH-
TpaJIbHOM CTOJIKHOBCHUU MMOKOUBIIEMYCH LIApy 2" nepeaacTesa SHEPIrus TOJIbKO MOCTYNAaTCIIbHOTO ABUKCHUA KATUBIICTOCH 1Iapa

L& 5 "1". [oaTomy cpasy mocie yaapa map "2" Ha4HeT CKOJB3MTh, a map "1" — Bpamarbcs Ha
Harpas- ® _ Mecte (mpoOykcoBbIBaTh). [Toj NeCTBUEM CHIT TPEHHS M KX MOMEHTOB CKOPOCTh V Imapa
JleHve ey
YV "2" HayHeT MOCTENEHHO YMEHBIIATHCS, @ €r0 BPAIlleHUe OTHOCUTENBHO 1IEHTPa — YCKO-
yhapa paTees. st mapa "1" —Hao60opoT. B pesynpraTe 00a mapa HAYHYT KaTUTHCS B HaIpaBJe-
7 7 HUM yaapa 0e3 nmpockaib3siBaHus. bes yuera cuir TpeHus Ha-
]E‘Tp { }FTD 5 JICTAIOIINH IIap OCTAHOBUTCS, & TOKOWBIIUNACS HAYHET CKOJTb-
3UTH CO CKOPOCTHIO HAJETAIOMIETO IIapa. Yo
MOKHO CHIIBHO PaCKPYTHTB JICTKUH [Iap MM MY TaK, KaK MOKa3aHO Ha TPABOM PHCYHKE, U —
OpoCUTh €ro Ha MOBEPXHOCTb CO CKOPOCTBIO V. Ms4 OyaeT npockalb3bIBaTh, IOCTEICHHO OCTAaHO- il
™
BUTCS M HAYHET KaTUThCS B OOPATHYIO CTOPOHY, BO3BPAIIAsACh K OPOCUBIIEMY €TO YEIIOBEKY.
3adanus:
(—L 5(‘) 1) ToHkwmii OJHOPOIHBINA AMCK MacChl M 1 paguyca R ckaTbiBaeTcst 0€3 MPOCKAIB3bIBAHHS C TOPKU BBICO-

I h, coBepuras miockoe arkerue. HauanpHas CKOPOCTB LIEHTpa Mace aucka paBHa V, . Haiinnte yr-
JA (ﬁ = JIOBYIO CKOPOCTbH BpallleHHsI JHCKa MOCIe TOTO, KaK OH CKaTUTCS ¢ TOpKU. COMpPOTUBICHUEM BO3TyXa
(3—  mpenebpeur. M= 3kr, R=4mM, vy =5m/c,h=6m, g = 10m/c.
Orteer: 2,56pan/c

B o
SV 2) TTo ropU30HTANBHON MOBEPXHOCTH KATATCS C OJMHAKOBBIMU CKOPOCTAMH V o = 1 M/c HHIMHAP ¥ 1Iiap ¢ oau-

HAKOBBIMU Maccamu U paauycamMu. OHU CKaThIBAalOTCS 03 CKONbKeHHsi co ckioHa BbicoThl h = 21 1. Bo
CKOJIBKO pa3 CKOPOCTH Iapa MmocJie CKaThIBaHus OyaeT 00JIbIIe CKOPOCTH MIITHHApPA?

h
Otser; = (VO2 +1oghj/( Vo +4ghj =1,02¢€
vy 7 3

3auetHoe 3aHATHE. VITOroBas KOHTpoJbHast paboTa

Tpumep éapuanma umozo8oii KOHMPOILHOU pabomel (3auemHo2o 3a0anus):

1-1. Ha#iT; MOy Ih pa3HOCTH BEKTOPOB ‘é - 5‘ , 1300paXCHHBIX Ha PUCYHKE cripaBa. OTBET OKPYTIIUTh 2 y, M
JI0 IBYX 3HAYAMINX HUDP. 6 LT al
a)36 6)8 1881 172 ml14 €99 xk)Her NpaBHILHOIO OTBETA 4 -
U SN
N = s b
1-2. Haittu kocuHycC yrita O MeXIy BekTopamMu & u b, n300pakeHHBIME Ha prCyHKe cnpaBa. OTBer } i X M
OKPYTIIUTH JI0 ABYX 3HAYAIIMX HUDP. 0 2 4 & 8

a)0,85 6)-0,87 80,16 1065 x)0,75 ¢€)0,99 ) HeT MIPaBUIHLHOIO OTBETA
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yM 1-3. Haiiti MOJyJib CYMMBI BEKTOPOB ‘é+ 6‘ , U300paKCHHBIX Ha pUCYHKe cieBa. OTBET OKPyT-
8 ] JIUTH JIO ABYX 3HAYALIMX IUPP.
6 = [;’: a)7,1 06)11 =892 1)10 n)12 )57 k) Her NpaBUIBHOTO OTBETA
4
2 g M 1-4. HaiTi MOy b BEKTOPHOTO TIPON3BEICHIS ‘[éxﬁ]‘ JUTST BEKTOPOB & W b, A300paKEHHBIX
0o 2 ‘ 4 6 8 Ha pucyHke cieBa. OTBET OKPYIJIUTh JI0 ABYX 3HAYAIIUX HH}p.

a)ll 6)32 B)22 1)31 128 ¢) 18 k) HeT NPaBHILHOTO OTBETA

1-5. Haiiti 3HaueHue MPOU3BOAHOM OT pyHkuu  f (x) = Sin( COS<) + &° B TOUKe C koopauHatoi X = 1. OTBeT — mony4eH-

Hoe Bamu umcio, okpyriieHHOE /10 TpeX 3HaYauux mudp.

1-6.Ha pucynke u3obpaxkeHa II0CKas KpUBas, Ha3blBaeMas KIoTouaok (cnupansio Kopuio). Touka A neu-
JKETCsI BJIOJIb 3TON KPUBOH B HAMPABJICHUH, YKA3aHHOM CTPEIKOH, C IIOCTOSIHHOM M0 BETUUUHE CKOPOCThIO. [Tpu
9TOM BEJINYNHA €€ MOJHOTO YCKOPEHHS:

a) paBHa HYIIO 0) MOCTOSIHHA M HE paBHA HYIIO

B) YBEIHYHBACTCS I) yMEHBIIAEeTCsS

1-7. Benmuuna (MoIynb) cKopocTu MaTepuanbHoit Toukn M |, Bce Bpemst gBusKyIIeiics 10 OKpYKHOCTH,

MCHSACTCA CO BpEMCHEM 110 3aKOHY, TIOKa3aHHOMY Ha pI/IC.l. KaKOMy Y4acCTKy 3TOro I‘pa(bI/IKa COOTBETCTBYIOT Puc.A

yKa3aHHBIE Ha PHC.2 HAMPABJICHUS CKOPOCTH V ¥ CHIIBI F , AefictByromeit Ha Touxky M ?
a) 0-1 6) 1-2 B) 2-3 r) 3-4

1-8.YacTuria IBWKETCS BAOIb OKPYKHOCTH C PaANYCOM 1M B COOTBETCTBUH C ypaBHEHHEM Puc.2
¢(t) = 2T[(t4 —4t3+6t2-12+ 21) , e § —yron B pammanax, { —Bpems B cekynnax. Bennunna TaHren-

MUANTBHOTO (KAacaTeIbHOTO K TPAEKTOPHH) YCKOPEHHS YaCTHIHI MUHUMAIIbHA B MOMEHT BpeMeHH (B CEKYHIax), paBHBIIA:
a) 1 0) 2 B) 3 r) 4 ) HET MPaBHJILHOTO OTBETA

1-9. Tonkwuii 06pyd ¢ Mmaccor m=0,1kr wuc paguycom R=0,5M kartutcs 6e3 mpocKanb3bIBaHUS W UMEET B HAYATBHBIH MO-
MEHT BpeMeHH KnHetnueckyto snepruto 800 Ix. MomeHT cuit Tpenust cosepumi pabory 200/ x. Kunernye-

CKasi SHEPTHsl BPAIATEILHOTO ABMKEHUs 00pyda, IPOJOIDKAIOIIEero KaTUThCs 0e3 MPOCKalb3bIBaHMs, CTajla /7
MIOCJIE 3TOTO paBHa! J
a) 1000/Ix 6) 600/Ix B) 300Ix r) 500/1x

1) HeT IPaBUIILHOTO OTBETA

1-10.TBepaoe Teo HAYMHACT BPAIIaThCsl BOKPYT OCH Z C YTIIOBOW CKOPOCTBIO, TPOSKIIHS KOTOPOit

®y, pai/c HU3MEHSIETCS BO BPEMEHH, KaK MoKa3aHo Ha rpaduke. Ha kakoil yroia OTHOCHTEIbHO HAYAIBHOTO MO-
4 JIO’KEHUS OKKETCST IOBEPHYTHIM TeJIo uepe3 8 cekyHa?
a) 8 pan 6) 10pan B) 12pan r) 16 pan
2 ] ) HET IPaBUILHOTO OTBETA
0 8110
L1 21416 t, ¢
ST T 1-11.YacTuma ABMXKETCS Tak, 4YTO €€ PaJHuyc-BEKTOP 3aBHCUT OT BPEMEHH I10 3aKOHY
) \

3 4
F(t) =i Dﬁ(ij + I EB(EJ +K [T ,rne A, B, C —nocTOsHHBIC BEIMYUHEI, |, T, K — eJMHAYHEIE
T T

OpTHI B ICKAPTOBOY crcTeMe KoopauHaT. HaiinuTe TaHreHe yria, mojJ KOTOPBIM OyIeT HampaBieHa CKOPOCTh V K OCH X B MO-
MeHT Bpemern t =1 ¢, ecit T=1 c. A = 2m, B = 3m, C = 4M. OtBeT —nostydeHHoe Bamu umcio.

1-12.‘1acn1ua Ha4aJia CBO€ JIBUKCHUC U3 Hadala KOOPJAWHAT, U €€ CKOPOCTDb 3aBUCUT OT BPEMCHHU I10 3aKOHY

3
- - t - .
V(t) = (I [A+ | [B)(—] ,Tne A, B —TOCTOSIHHBIC BEJIMYUHEI, |, | — €MUHUYHBIC OPTHI B IEKapTOBON cUcTeMe KoopauHat. Ka-
T

KOM MyTh Mpo/iesaet yactuna 3a Bpems t =1 ¢, ecnmu T=1 ¢, A = 2m/c, B = 3m/c. OtBet — nony4yennoe Bamu B cucreme CU
YHCII0, OKPYTIIEHHOE JI0 TPEX 3HAYAIMX IUdp.



