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BBEJAEHHUE

JlabGopaTopHble 3aHATHS SIBISIOTCS OJHOM M3 Benymux ¢opMm yueOHOU pa-
00ThI 110 pu3uke. Ha 3TUX 3aHATUSAX CTYJEHTHI CAMOCTOSITEIHLHO TPOBOJAT (hr3HUE-
CKUM SKCTIEpUMEHT. [Ipu 5TOM OHM M3y4aloT TEOPETUUECKHE 0OOCHOBAHMS PaOOTHI,
MPOBOJASAT MOHTaX SKCIEPUMEHTAIIBHOM YCTAHOBKH, IUIAHUPYIOT MOCIEI0BATEIb-
HOCTH BBITIOJIHEHUS OTACNIbHBIX ATANOB paOOThI, MPOBOAAT HAOIIOICHUS U U3MeEpe-

HUA, 4 3aTCM BBIIIOJIHAIOT BBIYHMCICHUA U ACJIAIOT BBIBOJ O HpOI[CJ'I&HHOfI pa60Te.

Ocobennocmamu 1a60pamopHbIX 3aHAMUL NO U3UKE ABTAIOMCA:
v’ Ha 3aHATHIX B (PU3NYECKON J1a00paTOPUH CTYIEHTHI JOJDKHBI ITOJB30BaThCS HE
TOJIBKO y4€OHBIMH MOJIESIIMUA IPUOOPOB, HO U COBPEMEHHOM alIapaTypou, ymo-
TpeOJIAOIIEHCS B HACTOSAIIEE BPEMS B MEPEAOBOM TEXHUKE U HAYYHO-HCCIIE0-

BaTCJIbCKHUX Jla60paT0pI/IHX;

v B IIpoLecce J'Ia60paT0pHI>IX 3aHSATUM CTYACHTBI OOJIDKHBI ITIOHATD, YTO AUAJICKTH-
YyeCKUM MCTOJ ITO3HAHUA 3aKOHOMCpHOCT€ﬁ (bHBI/II-ICCKI/IX IIPpOLCCCOB ABJICTCA
CAMHCTBCHHBIM HAYYHBIM MCTOAOM IMO3HAHHA, YTO HAYYHBIC TCOPHUH U IIPCACTAB-
JICHHUA OTpaKarOT O6’B€KTI/IBHy}O PE€aIbHOCTD U YTO IIPABUJIBHOCTL 3TOI'0 OTPAXKE-

HUSI IPOBEPSETCS SIKCIIEPUMEHTOM WU IIPAKTUKOM;

v’ 1abGopaTopHBIE 3aHATHS 10 (PH3HMKE Pa3BMBAIOT MO3HABATEIBHEIE CIIOCOOHOCTH
CTYJICHTOB, X HAOJIFOAaTEILHOCTh, MBIIIJICHNE, ITaMSITh, BOOOpPa)KCHHE, BHUMA-

HUE;

v usMepeHust (PU3MYECKUX BEJIMUYMH JOJDKHBI MPOU3BOIUTHCS Hambojiee CoBep-
IIEHHBIMH NpUOOpamMH, KOTOpPbIE YIOTPEOJSAIOTCS B HACTOSIIEE BpEMS B Hayy-

HBIX YUPCIKIACHUAX U IIPOMBINIIICHHOCTH,

v’ 1abopaTopHbIe 3aHATHS MO (PU3UKE CITOCOOCTBYIOT PA3BUTHIO Y CTYJAEHTOB HAaBbI-
KOB IIPOU3BOACTBA BBIYHMCIUTCIIbHBIX onepaunﬁ, B TOM 4YHUCJIC U C IOMOIIBKO CO-
BPCMCHHBIX 3JICKTPOHHO-BBIYHCJINTCIIbHBIX MallliH (HepCOHaJ'IBHBIX KOMIIBKOTEC-
pos);

v Qu3MYECKUN MPAaKTHKYM OpPraHM3yeTCs TaK, YTO CTYAEHTHI IOJIydYaroT, BO3-
MOHO, 0OJIbIIIE HABBIKOB B CAMOCTOSITEILHOM paboTe, KaK B SKCIIEPUMEHTAIb-

HOU qaCTH, TaK U IIpHU YCBOCHUHN TCOPCTHICCKOI'O MaTCpHraa.



JlabopaTopHnasi padora Ne 1.1

N3MEPEHUE PASMEPOB MAJIBIX TEJI
(BupTyasibHasi 1abopaTropHas padoTta)

Ueﬂb pa60mbz: O3HAKOMUTCS C HTOHATUAMMA: BCINIWMHA, U3MCPCHUC, ITOTPCII-

HOCTH U3MEPECHUHN U U3MEPUTH Pa3Mepbl MaJIbIX TEJI ¢ MOMOIIBIO YIEHUUECKOU JIH-
HEUKMU.

Llpubopwvi u npunadnexcHocmu’. NTUHEHKa, MAPUKU U3 TOJAIIUITHUKA, BUHT,

3épHa nieHa, Gpororpadus 30JI0Ta B 3JIEKTPOHHOM MHUKPOCKOIE (Ha KOMIBIOTEPE
JI0JKHA OBITh YCTaHOBJIEHA NporpamMma «JlabopaTopHeie paboTel o ¢pusuke» 3A0

«HogwIit Jluck»).

KPATKHE TEOPETHYECKHUE CBEAEHUA

Baxneieit 3agaueit Gu3n4eckoro npakTUKyMa siBJISIETCSI OOy4eHUE CTYyICH-
TOB 00pabOTKe pe3yIbTaTOB IKCIIEPUMEHTA. 3HAYEHUE JII000M BETUYHHBI, OMpe/ie-
JEHHON ONBITHBIM MYTEM, COJIEPXKUT OOJIBIIYIO WJIM MEHBIIYIO MOTPEIIHOCTh. B
HAayKe U TEXHUKE HEBO3MOXXHO HCIIOJIb30BaTh YMCJICHHBIC 3HAUCHUS BETUYUH O€3
3HAHUS UX NMOrpeIIHOCTEN. [10ATOMY OUE€HBb BaKHO HAYYUTHCS MPABUIHLHO PACCUU-
TBIBaTh MOTPEIIHOCTh U3MEPSAEMOM BEIMYMHBI, YMETh AHAIN3UPOBATh YCIOBUS W3-
MEpPEHUS, HAXOIUTh UCTOUHUKH MOTPEIIHOCTEN, OLIEHUBATh BO3MOKHOCTH UCIIOJIb-
3ye€MOT0 U3MEPUTEIBHOr0 000pyI0BaHUs. DTO TEM 00Jiee BaKHO, YTO TOUHOCTh U3-
MEPEHUH SBJISETCS OAHOM U3 XaPAKTEPUCTUK TEXHUYECKOIO YPOBHS ITPOU3BOICTBA.
BaxxHo miaHupoBaTh U MPOBOJAUTH SKCIIEPUMEHT TaK, YTOOBI TOUHOCTH OKOHYATEIIb-
HOT'O Pe3yJIbTaTa COOTBETCTBOBAJIA €TI0 LIEIH.

N3mepenue — 2mo nHaxoorcoenue sHavenus uauyecKol 8eauduHbl ONbIMHbIM

NYMEM C NOMOWBIO CREYUATILHBIX MEXHUYECKUX CPeOCME Ul NYMEM pacyémos.
Pasznuuarot npsamoe n koceennoe naMepeHns (pU3NUECKON BETUUUHBI.

HpﬂMOC U3MEPECHUE — U3MepeHUe, npu KOmopom UCKOMOe 3HaAYeHUe 6ejll-

YUHBL HAXOOM ONbIMHBIM nymeM C NOMOUWbIO UBMEPUNIETIbHBIX npu60p06.



[TprMepaMu MPSMBIX U3MEPEHUN MOTYT CIIYXKHTh: H3MEPEHHUE JIMHBI C I10-
MOIIBIO JINHEHKH, MTaHTCHIIUPKYJIS, MUKPOMETPA; H3MEPEHNUE BPEMEHHBIX HHTEP-
BaJIOB CEKYHIOMEPOM; U3MEPCHHE CHUJIBI DJICKTPHUECKOIO TOKA aMIICPMETPOM; U3-
MEpPEHHE TEMIICPATyphl TEPMOMETPOM, TEPMOTIAPOA.

KocBeHHOe n3MepeHne — uzmepenue, Ko20a KOHEYHbLL Pe3yibman Haxo0sm
nymém noOCmMano6KU HEeNnoCPeOCmMEeHHO USMEPEHHbIX GeIUYUH 8 HEKOMOPYIO (hop-
MYy

Pe3ynbraThl H3MEpEHH HUKOI'Ia HE COBITAAIOT ¢ HCTHHHBIM 3HAYEHHUEM HU3-
MEpsAEMOI BEIMYUHBI. ITO 00YCIOBJICHO MPUHIMITHATIBHBIMUA BO3MOKHOCTSIMH 13-
MEPHTEIBHBIX MPUOOPOB, METOJIOB H3MEPEHHUM, MPUPOION U3MEPICMBIX 00BEKTOB
1 BO3JICUCTBHEM OKpYyskaromen cpesbl. [loaroMy moboe npsmoe u3mepeHue mpoBo-
JAT C ONIPEAECIEHHON NOTPEMTHOCTEHIO.

[To1 MOrpemIHOCTHI0 U3MEPEHUsI TTIOHUMAIOT OMKIOHEHUE Pe3yIbmama u3-
Mepenust OMm UCMUHHO20 3HAYCHUS USMEPACMOU BE/IUYUHDbL.

[To crmoco0y YKCIIOBOTO BRIPAKEHUS PA3INIAOT AOCOMIOMHYIO NOSPEULHOCHTD
AX, BBIpPOKAEMYIO B SAMHHIIAX U3MEPSICMOI BEITUIHHBI, U OMHOCUMENLHYIO NO2Peul-
HOCMb 0, BBIpAXKaeMyI0 B TIPOICHTAX.

AOCOJIIOTHOM MOTPEIIHOCTBIO (AX) HA3bI8AIOM MOOYIb PAZHOCMU U3MEDEH-
HO20 (X) U UCMUHHO20 3HAYEHUs (Xo) UBMEPAEMOL BETUYUHDL.

ax =[x = . (1)

[TocKOIBbKY MCTUHHOE 3HAYEHUE M3MEPSIEMON BEIMYMHBI (Xg) OOBIYHO HEH3-

BECTHO, TO, B CIyda€ MHOTOKPATHBIX U3MEPEHUM, UCTIOJIb3YIOT CIEAYIOUIYI0 op-

MyI1y:

| (2)
rae  AXj — abCcorOTHAS MOTPEUTHOCTh TAHHOTO (1-20) U3MEPCHUS;
X.p— CpeiHee 3HaUCHNE N3MepsieMOl BEJIMUHHB;

X; — 3HaYeHHE TaHHOTO (i-20) H3MEpPECHHSI.



Cpez[Hee 3HAYCHHUC I/ISMep}IeMOﬁ BCIIMYMHBI PaBHO:

1
x = —_=
v n n

’ 3)
rae N — 4Kciio NpOU3BEAEHHBIX U3MEPEHNU;

X; (1I=1,2,...,n) — 3HaYCHUS U3MEPCHHOMN BEIIMYUHBI.

KauecTBO (TOYHOCTB) PE3yabTATOB U3MEPEHUIN XapaKTEPU3YIOT HE a0COIIOTHOM
IOTPELIHOCTBIO AX, a €€ OTHOIIEHUEM K CPEIHEMY 3HAYCHHIO U3MEPSIEMOM BEJIMYMHBI
Xcp, KOTOPOE HA3bIBAIOT OTHOCUTEIBHON MOTPEIIHOCTBIO 0 U OOBIYHO BBIPAXKAIOT B IPO-
LEHTaX:

AX
o =—-100%. (4)

X,

Y 100cTBO Takoro MpeacTaBiICHHs MOSICHUM Ha mpumepe. [lycTh mMbl n3Me-
psieM ¢ aOCOMIOTHOM MOrpemHocThio Ax =1 cM JuHy kapasjama (x1=15 cMm) u pac-
crosiaue oT Pasannm 10 Mockssl (x,=200km=2-107 cm). B nepBoM ciyuae 310 6yaer
OYEHb CKBEPHAS TOYHOCTH & < 7%, BO BTOPOM — Ype3MepHO Bbicokas 5 ~5-10° %, u
U3MEPATH C TAKOH TOYHOCTHIO B 3TOM CIIydae 0YeHb TPYIHO, 1a U HET HEOOXOMMO-

CTH.

CrnenoBatenibHO, yKa3aHUE a0COJIFOTHOW MOTPEIIHOCTH U3MEPEHUI MaJjio To-
BOPUT O JEHCTBUTEIHLHON TOYHOCTH, €CIIU HE COTOCTABUTH BEJIWYUHY OIIMOKH U
CPEIHETO 3HAYCHUSI CaMOM U3MeEPSieMOU BeIMYUHBI. C 3TOM TOYKHU 3PEHHSI OTHOCH-
TeJIbHAs MOTPEITHOCTh JAET OoJiee HEMOCPEACTBEHHOE MPE/ICTABIICHNE O TOYHOCTH
VM3MEpPECHU M.

[Tpu otieHKe aOCOIIOTHOM AX M OTHOCUTEIIBHON 0 MOTPENTHOCTEHN MOJIB3YIOTCS
HNOHSTUAMHU KIACCa MOYHOCMU U YeHbl OelleHusi npubopa.

Kuaaccom TounocTr npudopa xHasvieaom e2o MakcumMaibHy0 OmMHOCUMeb-
HYI0 NOZPEULHOCTb (BbIPANCEHHYIO 8 NPOYEHMAX), PACCUUMAHHYIO N0 MAKCUMATIb-
HOMY 3HAYEHUIO WKATIbL.

AX
y =——-100%. (5)

xmax
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Kiacc TouHOCTH TpoCTaBIeTCs Ha MIKaJle MPUOOopa YUCIOM WITU 3alHUChIBa-
eTcs B macnopte npudopa. Hanpumep, kinace TouHoctu 0,2 03Ha4yaeT, 4To MpH U3-
MEpEHUSX TAHHBIM MPUOOPOM MBI JIOITYCKaeM OTHOCUTENbHYIO orpeiHocTh 0,2%.

Lenoii nesenust npudopa Hazvi8arom KOAUYeCmeo eOUHUY UsMepsemol e-

JUYUHBL 8 OOHOM OeNeHUU UWKAIbL.
_ max
C = max (6)

A€ Xmax — MAKCUMAJIbHOE 3HAYCHUE IIKAJIbl NprOOpa;
N — KOJMYECTBO JIJICHUH B IIKajie mpudopa.

Hanpumep, BompT™meTp, paccuntannbid Ha 100 B, nmeer mkany B 50 nene-
Hul. LleHa neseHns 3Toro BOJIbTMETPA PaBHa:
Xpax  100B 5 B

n 500er oer

CormacHo TCOpHUN BCPOATHOCTHU, MAKCUMAJIbHAs abcomroTHas IOrpCHOCTb

HM3MEPEHUS HE MPEBBIIIACT IMOJOBUHEI IIEHBI JACICHUS Tpuoopa, T.¢.
AX = —. (7)
raie C — 1eHa aeyieHus mpuoopa.

[TorpemHoCTH IENATCSA Ha TP OCHOBHBIX BHJIA: cucmemamuieckue, Caydati-
Hble U NPOMAXU.

CucremaTu4eckue NOrpeiHOCTH — 1O2PEUHOCMU, NOCMOAHHbLE UU U3Me-
HAIOWUECs N0 ONPeOdelEHHOMY 3AKOHY 8 3A8UCUMOCTIU OM 8bI3bIEAIOWUX UX NPUUUH.
HcTouHMKaMU CUCTEMAaTUYECKUX OTPEIIHOCTEN OOBIYHO SIBIISIFOTCS HEMIPaBUJIbHAS
IOCTUPOBKA MPUOOPOB, 3aKOHOMEPHO M3MEHSIOUIMECS BHEIIHUE (DAKTOPHI, HEmpa-
BUJIbHBIN yU4€T conmyTCcTBYIOMUX 3D PexToB U 1p. s BBIABICHUS U UCKIIOUYEHUS
CUCTEMATUYECKUX TMOTrPEIIHOCTEN HE0OXOAMMO MpeIBapUTEIbHO HU3YYUTh HCTOY-
HUKH TOTPEIIHOCTEN, MPOBECTU KOHTPOJIbHBIE MPOBEPKU MEP W U3MEPUTEIBHBIX
npuOOpPOB, OOYUUTH OlepaTopa MpaBUiIaM IOJIb30BAHUS U3MEPUTEIbHBIMU CPEJl-

CTBaMM, HCIIOJIb30BAaThb IIOIIPABOYHLIC (I)OpMYJ'H)I, KPHUBEIC, Ta6J'II/II_IbI, HCKIIIOYHNTD,



€CJI 3TO BO3MOKHO, UICTOYHUK TOM UM MHOM MOTPEIIHOCTH (YCTaHOBUTD yKa3aTellb
npubdopa nepesa MpoBEACHUEM W3MEPEHHI B HYJIEBOE MOJIOKEHHE, YCTPAaHUTh UC-
TOYHUK TEMIIEPATYPHBIX U APYTUX BIUSHUN).

Cay4aiiHble IOTPEIHOCTH — 1102PEeULHOCIU, HeONpeOeléHHble N0 3HAYEHUIO
U 3HAKY, 603HUKAIOWUE 8 PE3YIbmame CO80KYNHO20 OetUCmEus pasiuidHbIX Cryuai-
HbIX 8eAUYUH. DTOT BUJ IOTPEIIHOCTEN OOHAPYKUBACTCS TP MHOTOKPATHOM U3MeE-
PEHUU OJHOM M TOM K€ BETUUYMHBI B OJJMHAKOBBIX YCIOBHSIX C MOMOIIBIO OJHUX U
TeX ke cpeACTB. YNCIOBBIE pe3ysbTaThl, OJy4yaeMble IIPU U3MEPEHUSX, BCEI/1a He-
CKOJIBKO OTJIMYAIOTCS ApYyr OT apyra. CirydailHble MOTPEIIHOCTH HEJNb3S MCKIIO-
YUTh, UX BIMSHUE HA PE3YNbTAT U3MEPEHUH CIIEyEeT YUUTHIBATh METOJAMU TEOPUU
BEPOSITHOCTEW U MATEMATHUYECKOW CTATUCTUKH.

IIpomaxu — pe3yromamuol, pe3xko eviOenAWUecs U3 OGHHOU cepuu usmepe-
Huti. OHY BO3HUKAIOT M3-3a HEUCTIPABHOCTEN U3MEPUTENILHOM aIapaTypbl, OIMIHOOK
B U3MEPUTEIbHBIX CXEMaX, HETPAaBUIIbHBIX AeUCTBUI HaOII0AaTENs (HENpaBUIIbHbIE
3aMKuCcH HAOIIOAEHUI, HEBEPHBIN OTCUYET MOKAa3aHUN U3MEPUTENIbHBIX TPUOOPOB) U
JIpyTrux NpUYuH. Pe3ynpTaThl M3MEpeHUi, coAepiKaliue MpoMaxu, JOJKHBI OBbITh
OTOpOIIEHbI KaK HeAOCTOBEpHbIe. Bo m30exxaHue nmpomaxoB INepen NMpOoBEeIeHUEM
W3MEPEHUI HYHO UCKIIOYUTh CO3JA0IIME UX MTPUYMHBI U 00paiaTh 0co00e BHU-
MaHHEe Ha COOJIIOJICHUE aKKypPaTHOCTU W THIATEIILHOCTH B paboTe ¢ mpudbopamu u
3alIUCSIMU OTCUETOB.

[IponenaB u3MEpEHUsT W HUCIOJB3Ys PE3YJIbTaThl TEOPUM IOIPEIIHOCTEM,
MO>KHO J1aTh KOJIMYECTBEHHYIO OLICHKY ITOTPEUIHOCTH M yKa3aTh BEPOSITHOCTb, MPU
KOTOPOM UCTUHHOE 3HAYEHHUE M3MEPSIEMON BEITMYMHBI HAXOJIUTCA BHYTPU HEKOTO-

pOTO MHTEpBAJIA:

X = (X

usm

* AX) (eounuya uzmepenus),
AX

— ~...% (oxkpyensemes do yenozo wucnal).

B nanHol paboTe HEOOXOAMMO BBITIOTHUTH U3MEPEHUS CIIOCOOOM PSI0B U

OoIIpCACINTb pasMCp TCJII KOCBCHHBIM MCTOIOM.



IHOPAJOK BBIIIOJIHEHUA PABOTbI

3ananue 1. U3mepenne quamMerpa mapuka
. B mpobupky nonoxwure 10-20 mapukos ().

. 3MepbTe MMHENKOW JUIMHY OJIyYHBIIETrOCs psiia MapuKkoB L.

L

. Beruucnure cpenHui [uaMeTp OJHOTO MIaprKa d= H
3Hasi 1EeHy JeJeHUs JIMHEWKH, ONpPEACIMTe MOTPEIIHOCTh U3MEPEHUs

C Lo
AL :E-Z:C JUTMHBL psifa (yIBOWJIM, TaK KaK M3MEHEHUE JMHEHKON MpOU3BO-

JIWJIU M CJIEBA U CIIpaBa pAjia).

AL
. Brraucnnre norpemHocTs, NpUXOAAIIYIOCS Ha OJIUH IIAPUK Ad = o

. Pe3ynpTaThl ©3MepeHUI U BBIUMCIECHUH 3allUIIUTE B TAOJINIy U3MEPEHUN.

3aganue 2. U3mepenue mara pe3s0bl BUHTA
N3mepwTe nimHy Beell pe3bO0BOM yacTh BUHTA L.
[loacunTaiiTe KOJTUYECTBO 0OOPOTOB PE3bObI BUHTA 7.

L

. Borumciute mar pe3sos Bunta d = Py

Pe3ynbpTaThl 3anummTe B TaOIUILY.

-2=C.

C
3anuiure B TaOIMIy MOTPENTHOCTh U3MEPEHUs AL = >

AL
BBIUKCIIUTE M 3aIUIIUTE MOIPEITHOCT, IPUXOISIIYIOCS Ha OJUH BUTOK Ad = o

3ananme 3. U3mepenue quaMerpa 3épeH MiieHa
['opcTh mnieHa NOABUHBTE BIUIOTHYIO K JIMHEUKE.

N3mepbTe TMHENKON JUIMHY TOJIy4YHBIIErocs psiaa 3€peH L.

10



. [lopcunTanTe KOIUIECTBO 1 3EPEH, JISKAIMX BIOJIb JIMHEWKHU. Berancnure cpen-

L
HUi1 TMaMeTp ojHoro 3épubimka d = Py

Pe3ynpTaThl 3anumuTe B Ta0IUILy.

-2=C.

C
3anuiure B TaOIHIy OTPEIIHOCTh U3MEpPEHUs AL = >

AL
Brruncnure norpenHocTh, MPUXOASAITYIOCS Ha OJTHO 3EPHBIIIKO Ad = ?

3ananue 4. 3mepenue quaMeTpa aToMa 30J10Ta.

. IIpunoxure nuHENKyY K poTOrpaduu aTOMOB 30J10Ta U U3MEPHTE JUIMHY PAJa aTo-

MOB 30J10Ta L.

. HOI[C‘-IHTEII\/'ITG KOJIMYCCTBO 7 aTOMOB 30J10Ta, JICXKAIIIUX BA0JIb JIMHEUKH. Boruuc-

L

JUTE CPEHUN TUaMeTp OJHOTO aToma Ha (oTo: d, = F

am

BBIUHCIINTE IUAMETDP aTOMa 30JI0Ta ¢ yaéToM Macmrada: d = ——2%—.
4 p y 20000000

Pe3ynpTaThl 3anumuTe B TaOIUILY.

C
3anuiure B TaOIMILy MOTPEIIHOCTh U3MepeHus AL = > 2=C.
. Bbeluncnure v 3anumuTe B TaOIUIYy NOTPEIIHOCTD, TPUXOSAIIYIOCS Ha OAUH aTOM
) 6a: ad AL
30JI0Ta ¢ Y4€TOM Maciurada: Al = —/————.
Y n-20000000

3aganume 5. CpaBuure norpemnocts AL ¢ morpemmnocteio Ad u crenaiite BbI-

Ad

BOJ. Breruncnure oTHOCUTENIBLHBIC MOrp€mHoOCTH —— AJId BCEX IICTI::IpéX SaHaHHﬁ.

d
3anuimMTe OKOHYATEIbHBIN BBIBOJ MO MPOJACIIAHHON paboTe C yKa3aHUEM U3Me-

PEHHBIX JUaMeTPOB (Iara pe3s0bl) IS BCEX 3a1aHuil B BHIE:
Ulapux: d=(d

ad
d

+ Ad) mm,

~

~ ... % (oxpyenume do yenozo wucnal)

um.o.

11



Tabnuya uzmepeHuil.

ad

,%
d

n L, mm d,Mmm | AL, MM | Ad, MM

HIapHUK

mar pe3b0sl 6osTa

3épHBIHIKO IImcHa

aTOM 30JI0Ta

A w0 -

KOHTPOJIBHBIE BOITPOCBHI

Uro Takoe uzmepeHue?
Kakwne nzmepenns Bol 3Haete? JlaiTe uM onpenesieHusl U NPUBEINUTE IPUMEPHI.
YTo NOHMMAIOT MOJT TOTPEITHOCTHIO U3MEPEHNUS?

Yto Takoe aObCOJIIOTHAs HOFpGHIHOCTB? OTHOCHUTEIbHAS HOI‘pGIHHOCTL? Kaxkas

13 HUX XapaKTEPU3yeT KaueCTBO (TOYHOCTh) pPE3yJIbTaTOB UBMEPEHUMN ?

Ha xakue Tpu OCHOBHBIX BUA ACIISTCS MOTPEMIHOCTH? J[aliTe UM ONpeNeIICHUS

Y TIOSICHUTE U3-3a Yer0 OHU BO3HHUKAIOT.
Urto Ha3bIBAIOT 1IeHOM feneHus npudopa? Kak ona Haxoaurcs?

Bo ckoapko pa3 U3MCHUTCA MOTPCITHOCTDL Ad , €CJIIM YBCIUWYUTL KOJIMYCCTBO

peIMETOB B JIBa pa3a?

JIMTEPATYPA

®duzuka 1151 IpodecCuii U CIeUaTbHOCTeH TEXHHUECKOTO MPOQIIIst: y4eOHUK
U1 00pa3oBat. yupexkJIeHu Had. u cpell. npod. odpazoanus / B.®. Jimutpu-
eBa. — 6-¢ u3x., crep. — M.: U3parensckuii eHTp «Akamemusi»n, 2013. — 448 c.

®duzuka 11 npodeccuii U ceraibHOCTe! TeXHUIecKoTo mpoduist. COOpHUK
3aja4: yueb. mocobue Mg CTyH. yupexaeHuil cpen. npod. obpasoBaHus /

B.® . Jimutpuena. — 4-e uzn., crep. — M.: M3gaTenbCckuil HEHTP «AKaIeMus»,

2014. - 256 c.
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JlabopaTopHasi padora Ne 1.2
MN3MEPEHHUE YCKOPEHUSA IBUXKEHUSA TEJIA

Lenw 1%1601’}1bl: OIIPpCACINTDb BCINIYNHY YCKOPCHUA, C KOTOPBIM TCJIO COCKAJIb-

3BIBAET C HAKJIOHHOM TUIOCKOCTH, W JI0Ka3aTh, YTO OHO MPHU ITOM JIBHIKETCS PaBHO-
YCKOPEHO.

IIpubopwsl u npunadnesxcHocmu’: SNEKTPOHHBIA CEKYHJIOMED C ABYMsI J1aTyu-

KaMHu, IITaTUB ¢ My(QTOM U IITATUBHOM JIANOW, HANTpaBJIAIONIas perka, KapeTka, ria-

CTHUKOBBIM KOBPHK.

KPATKHUE TEOPETUYECKUE CBEAEHUSA

Yckopenue (ot yat. acceleratio — yckopenue) — BeKTOpHasi BEIMYMHA, Xa-
pakTepu3ytoias ObICTPOTY U3BMEHEHHUS CKOPOCTU MaTEPUATbLHON TOUKH 110 MOIYJIIO

Y HaIpaBJICHUIO; YCKOPEHHE YKMCICHHO PABHO OTHOIIECHUIO U3MEHEHUS CKOPOCTU
MaTepUallbHOM TOYKH (AU =U—U0) K JUIMTEIBHOCTH TIPOMEKYTKAa BPEMEHHU

(At=1-1,), B Te4eHHE KOTOPOTO 3TO M3MEHEHHE TPOU3OIILIO:

s
At (1)

BekTop yckopeHuss @ HampaBieH Tak ke, KaK BEKTOP U3MEHEHHS] CKOPOCTH
AU =U—Uyo.

Enunanna yckopenus B CU — MeTp Ha ceKyHAy B KBaapare (m/c?).

PaBHOycKOpeHHOE NPSIMOJIMHEHOE IBHKEHNE — DTO JBUKECHHE, TPU KOTO-

POM YCKOPCHHUC ITIOCTOAHHO IIO MOAYJIIO M HAIIPAaBJICHHIO, 1 BECKTOPBI CKOPOCTHU U

YCKOpeHI/IH ABIIAKOTCA paBHOHaHpaBHCHHBIMI/I:
a=const; V1T a,a>0.

[Ipn paBHOYCKOPEHHOM ABMKEHHUU TeEJa MO NPAMOM JIMHUMU MYTh, KOTOPBIU
OHO IIPOXOJUT, YCKOPEHUE, HAYAJIbHAS! CKOPOCTb U BPEMsI IBUKEHHUS CBSA3aHbI COOT-

HOIIICHUCM.
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at’
S =Uot+7. (2)

Ecau Teno HaunHaeT ABMXKCHUE U3 COCTOSHUS IIOKOsA, TO €CTh €0 Ha4YaJIbHasd

CKOPOCTh paBHa HYJIIO, TO €ro IepeMenieHne 0y1eT U3MEHSATHCS CO BPEMEHEM I10

3aKOHY:

at’
S== (3

OTum YPaBHCHUCM YI[O6HO BOCIIOJIB30BAaThCA A OIMMPCACICHUA YCKOPCHUSA

nBIKeHUs Tena. M3 hopmysr (3) crnemayer, 9To

28
= (4)

[ToaTOMy, 4TOOBI y3HATh YCKOpPEHHE Tella JIOCTATOYHO M3MEPUTh MPOMJICH-
HBIM M ITyTh S ¥ BpeMsI IBIDKCHHS 1, 32 KOTOPOE OHO MPOU30IILIO ATOT MyTh.

Ecnu nmyTh Tena u3 cOCTOSIHUS TIOKOSI M BpEeMsl, 3aTpauye€HHOE Ha HETO, U3Me-
PUTH Ha Pa3HBIX y4acTKaX TPAEKTOPHUH, a 3aTEM JUIsS KaXKI0Tr0 ydacTka o gopmyiie
(4) BBIYMCIIMTD YCKOPEHHE, U ITPH STOM OKaXKETCS, YTO 3HAYCHHS YCKOPEHU Ha BCEX
Y4acTKaX COBIAJAI0T, TO MOYXHO YTBEPKIATh, UTO TEJIO IBUTAIOCH C MOCTOSHHBIM
YCKOPEHHUEM, TO ECTh PABHOYCKOPEHO.

B nannoit pabote yckopeHrne u3MepsroT ¢ TOMOIIBIO MpUdopa A U3ydeHUs

NpSIMOJIMHEHHOTO BMXKeHUS (puc. 1).

Puc. 1.
14



IHOPAJOK BBIIIOJIHEHUA PABOTbI
Hanpasinsroniyro peiiku, mo KoTopoi 0y1eT COCKaIb3bIBaTh KapeTKa, C TOMOIIIbIO
IITaTHUBA 3aKPEIISIOT HAKJIOHHO, TaK YTOOBI €€ BEpXHUM Kpail Haxoauics Obl Ha
BbicoTe 0k0J0 30 cM oT moBepxHOCTHU cToja. [loa HIKHUI Kpail MOAKIaIbIBAIOT
IUIACTUKOBBIM KOBpUK. KapeTky y[ep:KMBalOT HAa HaAIpaBJAOLIECH B KpalHEM
BEPXHEM II0JIO)KEHUHU. BBICTYN KapeTKu ¢ MarHuTOM JOJDKEH ObITh OOpali€éH B
CTOPOHY JaTYMKOB CEKyHAOMeEpA. [IepBbIi 1aTUnK yCTaHABIMBAIOT HA HAIIPABJIA-
IoUIeil pelike BOIM3U MarHuTa KapeTku. Ero mosiosxeHue cienyer oTperyianpo-
BaTb OCOOEHHO TIIATEIBHO, TaK, YTOOBI CEKYyHJIOMEp HauuHail paldoTy, Kak
TOJIBKO KapeTKa MpUAET B IBMKEHUE. BTOpON AaTYMK pacoiararoT Ha y1aJICHUH

20-25 cm ot nepBoro.

[To mxane mpubopa U3MEPSIOT U 3aITUCHIBAIOT B TAOJIUITy 3HaYEHUE MTYyTH S1, KO-

TOpBIﬁ KapCTKa HpOﬁI[éT, ABUI'asACh MCXKAY JaTUYMKaMMH.

OTIyCKaroT KapeTKy U ONPEAEISIOT BpeMs €€ IBUKCHHUS 1 MEXKITY TaTUNKAMMU.
[TOBTOPSIOT OMBIT 6 pa3 MpU HEU3MEHHOM PACCTOSHUN MEXKTy TaTYMKAMU U KaX-

,Z[I)Iﬁ pa3 3allUCBIBAOT BPCM:A ABUKCHUA TCJIA B Ta6n1/1uy.

. YBeIUUMBAIOT HA 5 cMm pPacCTOAIHNEC MCKAY AAaTUUMKAMH W U3MCPAIOT 3HAYCHUC

nyTH S».

[IpoBoAT 7 MyCKOB KapeTKH, BCIKHU pa3 ompenensis Bpems [ e€ nBHKEeHUs

MCXKAY JaTYUKaMU.

. Emé pa3 yBenmuyuBaroT pacCTOSHUE MEXIAY AJaTYMKAMU Ha 5 CM, ITIOBTOPSIIOT BCE

HU3MEpEHUS.

OBPABOTKA PE3YJIBTATOB OKCIIEPUMEHTA

t -+t +--- 4+t
7

Paccunraiite cpenHee BpeMs IBIKCHHS Ha epBoM ydactke b, =

U 3aIUIIUTE B TaOIUILy (CM. HUXKE).
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25,
t,

2. BblunciuTe ycKopeHHe KapeTKH Ha IepBOM ydacTke & =

. L+t +-- 41
3. Paccuuraiite cpeqHee BpeMs IBHKEHHS HA BTOPOM y4acTtke b, = 7 -

2S
_ 2
4. Bpruucnure YCKOPCHUC KAPCTKHU Ha IICPBOM YIACTKC a2 T 42
2¢cp

5. Paccuuraiite = cpegHee  BpemMs  JBWKEHUSI  HAa  TPETbeM  Y4acTKe
R e
3cep 7 :

t

2S

_ 3

6. Brruuciure YCKOPCHHUC KAPCTKHU Ha IICPBOM YHACTKC aS T .2
3cp

7. CpaBHUBas 3HaYEHUS YCKOPEHUU a1, a2 U a3, J€NAIOT BBIBOJ O TOM, HACKOJIBKO

ABHIKCHHUC KapCTKHU OBLIO PaBHOYCKOPCHHBIM.

8. Paccumraiite cpegHee YCKOpEHHE, C KOTOPBIM JIBHTajach KapeTka

LAt
3

Y 3aIUIIUTE €ro B TabuIly.

9. Or1eHuTe MOTPEUTHOCTH U3MEPEHUH 0 hopMyTIam:

v/ abCoMoTHAS TTOrpemHocTh Ad =1, 76\/(3 —& )2 +(a-a, )2 (a—a, )2 ;

Aa
4 OTHOCHUTCJIbHAA MMOTPECITHOCTD ?

10. Cnenaitte oO1IMiI BBIBOJ IO padOTE C yKa3aHUEM U3MEPEHHOTO YCKOPEHUS:

a=(a,

3M

iAa)ﬁ,
C

Ad

~ ... % (oxpyznume 0o yenozo uucnal)
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Tabnuya uzmepeHuil.

S1 a1 S, as S3 as a Ad Ad
No ", cC ’ ', C ’ ' |13, C ’ ’ | —,%
oM | T M/c2 | cm | 2 M/c | oM | 3 m/c? | M/c? | M/c? | a
1
2
3
4 _ _ _ _ _ _ _ _ _
5
6
7
Cp.
KOHTPOJIBHBIE BOITPOCHI
1. Kakas ¢pusnueckass BeIMUMHA Ha3bIBACTCS YCKOPEHUEM?
2. Yro xapakTepusyeT yCKopeHue?
3. Kak HampaBiieH BEeKTOp yCKOpeHuUs?
4. Hazosute enunuily uamepenus yckopenus B CH.
5. Kakoe npsMonuHEeiHOE IBKEHNE HA3bIBAIOT PABHOYCKOPEHHBIM; PaBHO3aMeE/I-
JICHHBIM?
6. Kak paccunrtarh myTh Npu PaBHOYCKOPEHHOM JBUKEHUN?
7. Omnpenenure, yepe3 CKOJIBKO CEKYH]I OT Hayaja JBUXKEHUS (U3 COCTOSIHUS TO-
KOsI) JIETKOBOM aBTOMOOMJIb OyIeT UMETh CKOPOCTh 90 KM/, €CIIU OH JBHXKETCS
c yckopenuem 1,5 m/c?,
JIUTEPATYPA
1. ®uzuka s npodeccuil ¥ CenuaTbHOCTEH TEXHUYECKOTo NMpodusis: y4eOHUK
JUTst 00pa3oBat. yupexkaeHuil Had. u cpef. mpod. oopazoBanus / B.®. JImutpu-
eBa. — 6-¢ u3x., crep. — M.: U3parensckuil eHTp «Akamemusi»n, 2013. — 448 c.
2. ®usuka s npodeccuil U crenranbHoCTel TexHuueckoro npodusis. COOpHUK

3amau: yde0. mocoOue g CTyA. YUYpexKaeHud cpen. mpod. oOpaszoBaHus /
B.®.JImutpuesa. — 4-e¢ uzn., crep. — M.: MU3narenbckuil EHTp «AKageMus,

2014. - 256 c.
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JlabopaTopHnasi padora Ne 1.3
U3MEPEHME )KECTKOCTH NPYKUHbI

Llenv pabomul: onpenenutb KOIPEPUIUEHT KECTKOCTU MPYHKUHBI TUHAMO-
MeTpa.

IIpubopvl u npunadnexcnocmu’ WMTATUB C IITATUBHOW JIamol M MYy(QTOH,

Ha60p I'py30B, ITMHAMOMCTD, JIMHEHKA C MUIIINMCETPOBBIMHA ACIICHHUAMMU.

KPATKHUE TEOPETUYECKHUE CBEJAEHUS
Kax u3BecTHO U3 OmbITa, MOJ ACHCTBUEM MPHUIOKEHHBIX K JTIOOOMY peaib-
HOMY TeIly CUJI OHO 1e(DOPMHUPYETCS, 1.e. UsMeHsem ceou pasmepul u oopmy. Ecnu
MOCJIE MPEKPAIICHUS ACHUCTBUS CUIIbI TEJIO MPUHUMAET NIEPBOHAYAIBHBIE pa3MEPhI U
dbopmy, nedopmanusi Ha3bIBaeTcs: ynpyroi. B npotuBHoMm ciydae nedopmarius
Ha3bIBaeTCs Heynpyroi (minacrudeckoit). [locne mnactuyeckoit nepopmaiu Teiao
COXpaHseT (4YaCTUYHO WJIM MOJIHOCTHIO0) BHOBH MPUOOPETEHHYIO (POpPMY U U3MEHEH-
HBIE pa3MephI.
3ameTHm, 4TO yripyrue nedopmaiuu HaOIr0Jal0TCA B TOM ClIydae, €Clid CHIa,
oOycioBuBIIas aedopMaiiio, He MPEBOCXOJAUT HEKOTOPBIN, OMpPENeaEHHON IS
Ka)XJI0T0 KOHKPETHOTO TeJia npesen (mpenes ynpyrocTu).
Paznuuaror crnemyromue BUABI 1epopMariuii:
1. Pacmsoicenue (cocamue);
2. Uzeub;
3. Kpyuenue;
4. Cosue.

Haubonee npoctoii siBisieTcst ynpyras aedopmaiust pacTskeHus: (cxaTus),
BO3ZHMKAIOIIAs MPU JEHCTBUM HA TEJIO0 BHEUIHUX CHJI, PACTATUBAIOIIUX (CHKUMAIO-
IIMX) €ro.

B sToM cnydae cnipaBesiuB 3aKOH, YCTaHOBJIEHHBIM B 1660 T. aHrJI. yY4EHBIM
P. 'ykom (3akon I'yka): ¢ obracmu ynpyeux oegpopmayuii cuna ynpy2ocmu npsimo

NPONOPYUOHATBHA BelUYUHE AOCOTIOMHOU dedhopmayuu meia.
18



Fynp = —KAX (6 npoexyusx na oco OX), 1)

rae K — kodddunment ynpyrocta (KECTKOCTH) Tesia. 3aBHCHT OT POJIa BEIISCTBA
pasmepoB Tena. B CU  [k] =1 H/m.
AX =1-1lp — BemuunHa abCOMOTHOM nedhopMalliK Tea,
| — mHa tena nocne negopmanuu, lg — mepBoHavanbHasK UIMHA TEJA.

Cuiia ynpyrocT™ — cuia, 803HuKaowas npu degopmayuu mena u Hanpag-
JIEHHAsl 8 CMOPOHY, NPOMUBONONONCHYIO CMEWEHUI0 Yacmuy 0eghopmupyemozo
mea.

3HaK «—» B 3aKkoHe ['yka oTpaxkaeT TOT (hakT, 4YTO CUJjIa YIPYTrOCTH HaIlpaB-
JieHa B CTOPOHY, MPOTUBOIOJIOKHYIO CMEIIEHUIO YacTHIl Tejda (T.€. MPOTUB BHEIII-

HEH CHJIBI).

[Ipupona cuibl ynpyroctd — 3JIeKTpOMarHuTHasi, T.K. €€ MposiBIeHHe 00y-
CJIOBJICHO B3aMMOJICICTBUEM 3apsKEHHBIX YACTHII, BXOJSIIMX B COCTaB aTOMOB U
MOJIEKYJ BELIECTBA.

3akony ['yka nmoguuHstoTCa Majbie qedopMaliii, BOSHUKAIOIINE B CTEPIKHSIX

W3 4YyTyHa, CTaju, aJIOMHUHUSA, NPYKUHAX W APYTUX YIPYTHX TeElax, T.. €CIH
AX < |, TIpu Gombiux aedopmanusx 3akoH ['yka He BBINOTHAETCS.

Kax cnenyer u3 cootHomenus (1), mo ymaIMHEHUIO MPYXUHBI AX MOXKHO
OTIPEJICNIUTh CHITY, IEUCTBYIONIYIO Ha HEe€. 3akoH ['yKa JIe)KUT B OCHOBE U3MEPEHHUSI
cun. [IporpagynpoBanHas npy>kuHa, MpeaHa3HAYECHHAS JJIS1 U3MEPEHUS CHJI, HA3bl-
BACTCS NPYHCUHHBIM OuHamomempom. C ero MOMOILBIO U3MEPSIOT CUIIbI, UMEIO-

IMEC IIPOU3BOJILHOC HAITPABJICHUEC B IIPOCTPAHCTBC.

Cnioco6 u3mepeHust KECTKOCTU MPYKUHbBI, KOTOPHIM MOJIB3YIOTCS B padore,
OCHOBaH Ha UCHOJb30BaHUU TpadrKa 3aBUCUMOCTU CUJIbI YIPYTOCTH, BO3HHKAIO-
1IEH B MPY>KUHE NP €€ PACTKEHUH OT BEJIMYHUHBI YIJIMHEHUS.

VY AnuHATHCS IpyKUHA JUHAMOMeETpa OyIeT Mo/ IeCTBUEM Beca MO/IBEIICH-
HBIX K HEMY I'DY30B. Y JUIMHEHNE IPOUCXOIUT 10 TEX IOP, ITOKa BEC I'Py3a HE ypaB-

HOBECHUTCS CUJION YIIPYTOCTH MPYKUHBI.
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VY uIMHEHNE NPYKUHBI U3MEPSIETCS] HEMOCPEACTBEHHO I10 LIKAJIE HAIIPABJISIO-
el perKku. BenmnunHy CWIbl yIPYrOCTH OINPEAEISAIOT IO IMOKA3aHUSIM JUHAMO-

MeTpa.

IMOPAJOK BBIIIOJIHEHUA PABOTbI

1. 3akpenute My(Ty C IITATUBHOM JIalON Ha CTEPIKHE
IITaTHBA HA BBICOTE OKOJIO 45 CM OT NOBEPXHOCTH
cToJia. B mITaTUBHON J1ane 3aKpenuTe JUHAMOMET]
KaK IT0OKa3aHO Ha pucyHke. JIuHelKky ¢ MIIIMMeET-

POBBIMU OCIICHUAMH YCTAHOBUTC BCPTHUKAJILHO. Eé

IOKaJIa JOJIKHa pacrojararbCs BOIM3H YKaszaTesd

AUHaMoOMCTpa.

2. 3aMeTbhTe IMOJIOKEHNE CTPCJIKU JUHAMOMETpPA OTHO-

CHUTCJIbPHO IIKAaJIBI.

3. HOIIBGCBTG K JTUHAMOMCTPY OAHUH I'PYy3 U I10 IIKAJIC

C MUJUIMMETPOBBIMHU JACJICHUAMU OIIPCACIINTC Y I~

HEHHUE €T0 MNPYKUHBI B MAJUIUMETPaAX. Y IJIMHEHUE
HaXOJAT KaK pa3HUILly ABYX MOJIOKEHUH yKa3aTess JUHAMOMETPA Ha LIKaJe IpU

Harpy>k€HHOM M HEHArpy»K€HHOM JIMHAMOMETDE.

4. Tlo mkane AMHAMOMETPA U3MEPHTE BEIMUMHY CHIIBI YIIPYTrOCcTU. Pe3ynpTaThl us-

MEpPEHUM 3aHECUTE B TAOJIHILY.

5. IloxgBecbTe K AUHAMOMETPY J[Ba IPy3a U BHOBH ONPECIUTE YIUTHHECHUE TTPYKUHBI

Y BEJINYMHY CHUJIbI YIIPYTOCTH.

6. IloBTOpUTE OMBIT C TPEMS U YETHIPbMS Tpy3aMu. UTOOKI B ciiyyae TPEX U YEThI-
pEX Ipy30B OHU HE KACAIUCh MOBEPXHOCTU CTOJIa, HEOOXOIUMO IITATUB PACIO-
JIOKUTH Ha KParo CTOJIA, a MEPEKIIAIUHY PACIIOIOXKUTh TaK, YTOObI IPYy3bl CBEIIH-
BAJIMCH 3a TPaHULIBI cTOJa. Hampasisromen pekon U B 3TOM C1y4ae MOXKHO W3-

MCPUTDH YIJIMHCHUC IIPYKUHBI JTUHAMOMCTpPA.
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OBPABOTKA PE3YJIbTATOB 3KCIIEPUMEHTA

. Haueptute KoOpauHATHBIE OCH TSI TIOCTPOCHUS TpauKa 3aBUCUMOCTH CHIIBI
YIPYTOCTH OT BeIH4uHbI ymrHeHua. Ock adbcuuce — AX, opauHar — Fyyp.

. Hanecute Ha KOOpAMHATHON IMJIOCKOCTH COOTBETCTBYIOLIUE pE3yJIbTaTaM KaxK-
JI0TO OTIBITA TOYKH.

. Ioctpoiite rpaduk 3aBUCHMOCTH CHUJIBI YOPYTOCTH OT BEJIWYHMHBI yITHHEHUS
npyXuHbI. EClIM TOUKM HE JI0’)KATCs HA OJIHY IPSIMYIO, TO IIPOBECTH JIMHUIO T'pa-
¢uka HagO Tak, YTOOBI MOJOBHHA TOYEK PACHOJIOXKUIACH IO OJHY CTOPOHY OT
He€, a Ipyrasi MOJOBUHA — MO JIPYT'YIO U TOUYKH ObUIM BO3MOXHO OJIM3KO OT Ipsi-
MOM.

. Ilo rpaduxy onpenenure ko3 GUIHEHT )KECTKOCTH NPYKUHBL. /{7151 3TOrO B Cpea-
Hell yacTu rpauka BO3bMHUTE MPOU3BOJIbHYIO TOUKY, OIYCTUTE OT HEE MepIeH-
JTUKYJSIPbl HA KOOPAUHATHBIE OCH M ONPENIETUTE COOTBETCTBYIOIINE ATOM TOUKE
BEJIMYMHBI yITTMHEHUS U CHIIbI yIPYTrocTH. [10 nmoiny4eHHbIM 3HAaUEHHSIM 3THX Be-
JIMYMH HAa OCHOBaHUM 3aKoHa ['yka BeIuucIuTe KOAPPUIUEHT KECTKOCTH (KECT-

KOCTb) IIPYKHUHBI:

k =
AX
He 3a0yibTe nepeBecTy BEIMUHUHY YUIMHEHUST AX IPYKUHBI B MexX1yHapo/I-

HYIO cucTemy!

CnenaiiTe BBIBOJI IO paboTe.

Tabauya uzmepenuil.

Ne Monyns cunsl ynpyroctu Fyyp, H Mopynb yanuHeHust AX, MM

AW IN|F
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o

KOHTPOJIBHBIE BOITPOCHI
Yro Takoe nedopmarusi?
Kakas nedopmanns HazpiBaeTcsl ynpyron? miacTU4ECKOn?
Kakwue Bunpl neopmanuii Ber 3naete?
Chopmynupyiite 3akoH ['yka, 3anummute GopMyiy U MOSICHUTE BCXOJAIINE B
He€ BEJIMYHHBI.
KakoB usnueckuii cMbICII 3HaKa «—» B 3akoHe ['yka?
Kakas cuna Ha3piBaeTcs cuioit ynpyroctu? Kakosa e€ nmpupona?
[Tpu pacTsixeHnn npykuHbl Ha 12 cM Bo3HuKaet cuia ynpyroctu 3 H. Kakosa

XKECTKOCTB ITOU MPYKUHBI?

JIUTEPATYPA
®dusuka a8 npodeccuil ¥ CHeUalIbHOCTEH TEXHUUYECKOTO MPOopuilsl: yueOHUK
IUIsl 00pa3oBar. yUpeKJIeHU Had. U cpel. mpod. oOpazosanus / B.®. JImutpu-
eBa. — 6-e u3x., crep. — M.: M3narensckuii neHTp «Akagemus», 2013. — 448 c.
®uszuka 1ig npodeccuil U cneuanbHOCTeN TeXHuYecKoro npoduist. COopHUK
3aja4: yueb. mocobue Mg CTyI. yupexkJeHuil cpen. mnpod. obpazoBanus /

B.®.JImutpuesa. — 4-e¢ uzn., crep. — M.: M3narenbckuii eHTp «AKageMusy,
2014. — 256 c.
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JlabopaTopHasi padora Ne 1.4

OIPEAEJEHHUE YCKOPEHUA TEJA 110 BEJIMYNHE
JAEUCTBYIOIIEU HA HEI'O CJIbI U MACCE TEJIA

Llenv pabomei: POBEPUTH YTBEPKACHHUS O TOM, YTO BEIUYMHA YCKOPEHUS

TCJIa WU BCIIMYMHA CHIJIBI, 110/ I[GﬁCTBHCM KOTOpOﬁ TCJIO C 3TUM YCKOPCHUCM OBHU-

F

KCTCA, CBA3aHbl COOTHOILICHUCM a= E

IIpubopvl u npunadnedxchocmu’ HaNpaBJsIoONIas pelika, MITaTUB ¢ My(QTOH,

HETOJBWKHBINA OJIOK, HA0Op IPy30B, HUTh, TUHAMOMETP, BEChI C pa3HOBECAMH, Ka-

PCTKa, BJ'IGKTpOHHHﬁ CCKYHOOMCP C ABYM: JaTUWMKAMU.

KPATKHUE TEOPETHYECKHUE CBEJAEHUA
Llens paboThI JOCTUTAETCS TEM, YTO BHAYAJIe PACCUUTHIBAIOT, KAKOE YCKOpe-
HUE JIOJKHO UMETh TEJI0 U3BECTHON MACChl MO IEUCTBUEM MPUIOKEHHBIX K HEMY
CWJI, BEJTMYMHBI KOTOPBIX TAKKE U3BECTHBI, @ 3aTEM B XOJE OMbITA OMPEIECISAIOT C
KaKUM YCKOPEHHEM TEJI0 pealibHO JBUTAIOCh IPU ACHCTBUM 3TUX CHIL.
B ombiTe nccneayroT ABMKEHNE KapETKU MO HAMPABIIAIOIIEH pEHKE, pacoo-
JKEHHOM TOpU30HTaJIbHO. B nBHXKEHHE

OHa MIPUXOAUT II0J I[€I>'ICTBI/ICM ABYX

CHWJI: CUJIBI yTIPYTOCTU Fynp HUTH U CUIIBI

TpeHust Fpp O MOBEPXHOCTh pEUKH.

Cuita ynpyrocty BO3HUKAET MPU PacTsi-

JKCHUHU HUTHU I'PYy30M, IIOABCIICHHOM Ha

IpyroM KoHue HUTU. llockonpky ka-
peTKa U MOJBEIICHHBIN Ipy3 Oy1yT ABU-
raTbCs ¢ OIMHAKOBBIM IO MOJIYJIKO YCKOPEHUEM, TO YPABHEHUS UX JBHKECHUS MOTYT

OBITH 3aITMCaHbI B CJIeayromem BUAcC:

—_—

Fynp +Emp - M a , (1)
ET +Eynp = ma y (2)
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rie F o — cuma ynpyrocru, meifcTByromas Ha KapeTKy ¥ Ha HOJBEIIEHHEIH TPy3;

—_—

Fup — cuna Tpenus, neficTByromas Ha KapeTKy;

—

FT — CHJIa TAXKCCTH, I[CI\/'ICTBYI-OHIaH Ha HOIIBCHI@HHBIﬁ I'pys;

M — cymmapHast Macca KapeTKU U YyCTaHOBJIEHHBIX HA HEH TPYy30B;
M — Macca rpy3a, IOABEIICHHOIO Ha HUTH;

a — YCKOPEHHE, C KOTOPBIM ABUKYTCS KapeTKa U IPy3.

B npoeknusax ypasuenus (1) u (2) OyayT BBITISAETD TakK:
Fynp - Frnp =Ma; (3)
F - Fynp =Ma. (4)
CkapIBas JIEBbIC M PABhIC YaCTH 3TUX YPAaBHCHUN NMEEM:

F - Fmp =Ma+ma

nim
a(M+m)=F, —F,,.
Orcrona
F-F
a=——">" (5)
M+m

YToOsI onpeIeTuTh ¢ KAKUM YCKOPEHHUEM KapeTKa peaibHO ABUTANIach, HE00-
XOJIMMO U3MEPUTH €€ mepeMelieHre S u Bpems t, 3a KoTopoe OHO OBLIIO COBEPIIIEHO.

Tak xak KapCTKa HAYMHACT ABHUI'aTbCA M3 COCTOAHHSA ITOKOA, TO YPABHCHUC ee JABH-

KCHUA NMCCT BH .

Torna

a=—-. (6)
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Jns u3mepeHus nepemMenieHrss 1 BpEMEHH ABUKECHHS KAPETKU HA HalpaBJsi-
IOIIIEH peiike YCTaHABIMBAIOT NATYUKU CeKyHaoMepa. OMH U3 HUX JTOJKEH 3amyc-
KaTh CEKYHJIOMEp, KaK TOJIBKO KapeTKa HAaYHET BUTAaThCs. MECTO €ro yCTaHOBKHU
ONPENEIIAIOT ONBITHBIM MYTEM, NEUCTBYA B cieayromeM nopsaake. Kapetky pasme-
HIAIOT Ha JIEBOM Kpae HaNpaBJISIONIEH peiKH. JlaTUMK yCTaHABIMBAKOT HA PEUKE HE-
CKOJIBKO TpaBee MAarHuTa KapeTKd, U MEIJICHHO MPHUOJIMKAIOT K MAarHUTY J0 TeX
nop, MoKa CeKyHIoMep He Ha4uHET padoTarh. [locie 3Toro gaT4Mk miaBHO mepemMe-
HIAIOT BIPABO, YTOOBI OH BBIIIEI U3 30HBI ACHCTBUSI MarHuTa, 3aKperIEHHOTO B Ka-
perke. IIpaBuiIbHO YCTaHOBIIEHHBIN JATYUK PACIIOIaracTcsi Ha MUHUMAJIbHOM pac-

CTOSIHUM OT MarHUTa KapeTKu. BTOpo# natduk ycraHaBiauBaroT B 20 CM OT IEPBOTO.

IMOPAJOK BBIIIOJIHEHUA PABOTBI

1. W3mepbTe Ha Becax Maccy M KapeTku ¢ ABYMs FPy3aMHU.

2. M3mepnTe Ha Becax Maccy m (ZIBa Tpy3HKa).

3. Ilpuxpenure rpy3 m (1Ba rpy3uka) K AUHAMOMETPY U ONIPEIETUTE BEIUUUHY JIEH-
CTBYIOIICH HAa HETO CHIIBI TSKECTH F1 (6ce crumaemvie dannvie 3anocume 6 mao-
JIUYY UBMEPEHULL).

4. Cobeputre SKCIEPUMEHTAIBHYIO YCTAHOBKY. JJIMHY HUTH BBIOMPAIOT TaKOH,
yTOOBI MO/ABEIICHHBIN K HEW IPpy3, IPU KpalHEM JIEBOM MOJIOKEHUH KapeTKU Ha
HaIpaBJIsAIoNIeH peiike, Haxoauwics Ha BeicoTe 35-40 cM oT mosna.

5. Onpenenure cuity TpeHus F,, KapeTKu O MOBEPXHOCTh HAIpPaBIAIONIEH pEeUKU
OTUHAMOMETPOM c npenenom ndmepenns a0 1 H. i aToro kapeTky ¢ AByms rpy-
3aMM yCTaHABJIMBAIOT HAa HAIIPABISIOLLYIO PEUKY, IPUKPEIUIAIOT K HEH TUHAMO-

MCTp U, IIOTAHYB 34 HETO BIOJIb peﬁKH, MMPUBOAAT KAPpETKY B PABHOMCPHOC JIBH-

»eHue. [1o nmokazanuio AMHaMoMeTpa ONPEIEIISIIOT BEJIUYMHY CHIIbI TPCHUS.
6. Beruuciaure 3HaueHNE YCKOPEHUS Ay, C KOTOPHIM KapeTKa JIOJDKHA JBUTATHCS 110

peP"H(e B COOTBCTCTBHHU C BBIBOAAMHU TCOPHUH, HA OCHOBAHHNH KOTOPBIX ObLIa IoJIy-

yeHa ¢opmyna (5). [Ipu pacuére 3a0yapTe nepeBectr Bce BeanauHbl B CU.
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. YCTaHOBUTE KAPETKY B KpPaWHEE JIEBOE IOJOKEHUE HA PEUKE, TPOU3BEAUTE €€
MyCK U OMNpelenuTe BpeMs t ABMKEHUS] MEXKIY NaTdyuKaMu (AaTYMKUA JOJKHBI
HAXOJUThCS HA paccTosHuu 20 cM JIpyT OT Jpyra).

. He meHsAs mosoxeHusi JaTYMKOB MOBTOPUTE U3MEPEHUE BPEMEHM €lE 6 pa3 u
OIIpEIEIINTE CPEAHEE BPEMS IBIKEHUS t, MEXKIYy JaTUNKAMH.

3anumuTe pacCTOSIHUE S MEXKIy JaTYMKaMU B TaOIHILY.

. Bocrionp3oBaBmmck dhopmyoit (6), o cpeHEMY 3HaUYECHHUIO BPEMEHH, OTIpe/ie-
nauTe (paKTU4ecKoe 3HaYeHHE YCKOPEHHUs dg KapETKH, KOTOPOE OHA UMeIa, IIepe-

Memasch o petike. [1pu pacuére 3a0yapTe nepeBect Bce BenuunHbl B CH.
CpaBHHTE IOTy4YEHHBIEC 3HAYECHUS YCKOPEHUH Ay , A .

CIIGJI&ﬁTC BBIBO/, IIO pa60Te, YKa3aB BO3MOJKHBIC IIPUYHUHBLI PACXOXKIACHUSA PC-

3yJbTaTOB YCKOPEHMUIA.

Tabauya uzmeperuii.

Ne Fr,H | M,r m,t | Fup, H | ag, m/c?2| t,C S, CM | ag, m/c?
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KOHTPOJIBHBIE BOITPOCHI
Yro Takoe yckopenne? cuia? macca?
Enununibl n3mepenuii yckopeHusl, cuibl, Maccbl B CHU?
Cdopmymupyiite Bropoii 3akoH HproToHa (OCHOBHOM 3aKOH JUHAMUKH) U 3aITH-
IIUTE €r0 MaTEMAaTUYECKOE BhIPAXKCHUE.
3anumure BTOpoW 3aKoH HploTOHA JUIsl NBIOKYIIEHCS KapeTKu W IJs Tpy3a,
OMYCKAIOIIErocsi HAa HUTU BHU3.
3anummTe U NOSICHUTE YPAaBHEHUE ABUKECHUS KAPETKHU.
JIBa rpy3a maccamu 100 r u 300 r, cBsi3aHHBIE HEBECOMOW HEPACTSIKUMOUN HH-
ThIO, JBIKYTCA MO TJAJKOMY TOpH30HTadbHOMY cToiy. K MeHbiieMy rpysy
pUJIOKeHa TOPU3OHTAIbHO HampasieHHas cuna 2 H. [Ipenebperas Tpenuem,

ONpENEIUTE YCKOPEHUS TPY30B.

JIUTEPATYPA
®uzuka 115 npoPeccuil U cenuaibHOCTeH TEXHUUECKOTO MPo@uiIst: y4ueOHUK
JUTst 00pa3oBar. yupexaeHuil Had. u cpef. npod. oopazoBanus / B.®. JImutpu-
eBa. — 6-e u3m., crep. — M.: M3natenbckwmii ieHTp «Axagemusi», 2013. — 448 c.
®uszuka Aig npodeccuil U cneuanbHOCTeN TeXHuYecKoro npoduist. COopHUK
3a1a49: y4del. mocobme Mg CTyI. YYpeKICeHHH cpen. mnpod. oOpazoBanus /

B.®.ImutpueBa. — 4-e uzn., crep. — M.: U3aartenbckuil HEHTp «AKaaeMus»,

2014. - 256 c.
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JlabopaTopHnasi padora Ne 1.5

N3MEPEHHUE YCKOPEHUA CBOBOJHOI'O ITAJJEHUSA
C IIOMOIbIO MAATHHUKA

Llenv pabomei: onpeneanuTh yCKOPEHNE CBOOOIHOTO MaIeHUSI Ha OCHOBE 3a-
BUCHMOCTH TEpHOJIa KOJIeOaHUI MasiTHUKA Ha TTOJIBECE OT JJIMHBI TI0JIBECA.

IIpubopul u npunadnexicHocmu’ TATUB ¢ My(TOM U IITATUBHOM JIANION, HUTh

C IICTJEIMH Ha KOHIAX, I'py3 ¢ KPIOUKOM, UBMCPUTCIIbHAA JICHTA, C-)JIGKTpOHHI:Iﬁ CC-

KyHJIOMED.

KPATKHUE TEOPETUYECKUE CBEJEHUS

KonebaTenpHpIMHU IBHKEHUAMH (KOJe0AHUSIMU) HA3BIBAIOT OBUIICEHUS UL
npoyeccovl, MOYHO UIU NPUOTUIUMENTbHO NOBMOPAIOWUECS Yepe3 PAaHble Npome-
orcymru epemeru. Cpel HUX BOXKHYIO POJIb UTPAIOT NEPUOJUUYECKUE TBUKCHUA.
JIBr>keHHE Ha3bIBAIOT MEPUOAHYECKHM, eClu 3HAYeHUs @U3UYecKux GeauyuH
(Hanpumep, cmMeweHUsL UNU CKOPOCMIL), USMEHAIOUUECS 8 NPOYecce OBUNCEHUSL, NO-
MepAmMCcs 4epe3 pasHble NPOMENCYMKU 8PeMEHU.

[Tpumepamu TEpUOANYECKOTO IBHKCHUS MOTYT CITY>KUTh JIBUOKCHUE TUIAHET BO-
kpyr CoJiHLa, IBUKEHUE MOPILHA B LIWIMHAPE ABUTATENS] BHYTPEHHETO CTOPAHMS U JIp.

KonebarenbHyt0 cUCTEMY BHE 3aBUCUMOCTH OT €€ (DU3UUYECKOU MPUPOJIBI
Ha3bIBAIOT OCHWLIATOPOM. [IprMepoM ocHMIIATOpa SIBISETCS KOJICOTIOIIMICS
rpy3, NOABEIICHHBINA HA NPY>KUHE U HUTH.

IHoaHbIM KOJI€0AHUEM HA3LIBAIOM OOUH 3AKOHYEHHbIL YUKI Kojlebamellb-
HO20 OBUMNCEHUS, NOC/Ie KOMOPO2O OHO NOBMOPSEMCsL 8 MOM Jice NOpsoKe.

Ilepuon kosedanuii T — BpeMsi, B T€UEHUE KOTOPOTO COBEPIIAETCS OJHO
noiHoe kosnebanue. Equauna nepruoaa — cekyHaa (c).

YacroTa nepuogudecKux Kojaed0aHuii v — BeJIMUMHA, TOKA3bIBAIOIIAS YUCTIO
MOJIHBIX KOJICOaHM, COBEPIIIAEMbIX 3a IUHUILY BpeMeHH. YacToTa — BeTru4nHa 00-
paTHas IepUoy:

=T 1)

Enununa vacrotel — repiy (I'm).

1 T’ — 510 YacToTa KoneGanuii, mepuoa KoTophix pased lc (1 T = 1¢?).
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CB000aHBIMU (COOCTBEHHBIMH) KOJIEOAHUSIMU HA3bI8AIOM KOJIeOAHUS, KO-
mopble NPOUCX005Im 8 cucmeme, NpeodCmasieHHoU camoll cebe nociie mozo, KaK OHa
ObLIa 8bIBEOEHA U3 NOJIOJNHCEHUS. PABHOBECUSL.

CBoOoHBIE KOJIeOaHUsI COBEPIIAIOTCS B KoJjie0aTeabHON cucTeMe 0e3 BHEIII-
HEro BO3JIEHCTBUS 3a CUET MEPBOHAYAIBHO COOOIIEHHOM YHEPTHUH.

Cucmembl, 8 KOMOPLIX NPOUCXOOAM KOJNEOAHUS 8 MANbIX OKPECMHOCHAX
OKOJ10 NOJIOHCEHUS PABHOBECUs HA3bI8aIOM JIUHEHHBIMU. [ [puMepoM TMHENHOM KO-
j1e0aTeIbHOM CUCTEMBI SIBISIETCSI MAaTEMAaTUYECKHUI MasITHUK.

MaremaTn4yecknii MAATHUK — UOEAIUSUPOBAHHASL CUCTEMA, NPEOCMAB]Is-

rowas cooou MamepuaibHy0 MoyKy, H0O8EULEHHYIO HA
e MOHKOU He8eCOMOU HePACMANCUMOU HUMU.
[lepuon konebaHuil MaTeMaTHYECKOTO MasiT-

HUKa ompeaensercs no popmyre:

T=2n7 L (2)

9

rae | — qnmaa auTy,
g — yCKOpeHHEe CBOOOHOTO MaJICHUS.

llepuoo konebanuii mamemamuyecko20 Masim-

HUKA He 3a8UCUm Om €20 MACCbl U AMNIUMYObl KoJle-
Oanuli, oH NPONOPYUOHANEH KOPHIO K8AOPAMHOMY U3
ONIUHbBL MASAMHUKA U OOPAMHO NPONOPYUOHANEH KOPHIO

K8AOPAMHOMY U3 YCKOPEHUSL C60O00H020 NAOEHUSL.

Ecnu rpy3, moaBelieHHbld HA HUTH, KOJEeOJeTcs, a ero pa3Mephl 3HAYH-
TEJIHLHO MEHBIIE, YeM JIJTMHA HUTH, TO TIEPHO]] KOJIeOaHUI MOXKET OBITh OTIpeneeH
13 (GOpMyIIBI IEpHOIa KoJIeOaHni MareMaTuyeckoro MastHuka (2). B mannom ciry-

qac I1oJ | moHMMaroT He JJIUHY HUTHU, 4 PAaCCTOAHUEC OT TOYKH ITOABECA 10 IICHTPA

TAXKCCTHU I'PY3Aa.

3Has iepro/] KosieOaHuii U UTMHY HUTH, Ha OCHOBAaHHUU (GOPMYITBI (2) MOKHO
OTIPEICITMTh BEJIMUNHY YCKOPEHHUS CBOOOIHOTO TaCHUS:
2
A7 -1
=—.
T
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JIMMHY HUTH OTIPENENSIIOT U3MEPUTENILHON JIEHTOM, a MEPUO/T AJIEKTPOHHBIM
CEKyHJIOMEPOM — TI0 BpeMeHH t, 32 KOTOpOe MasiTHUK COBEPIIHUT ONPEAeIEHHOE KO-

JIM4ecTBO KosteOaumii N:

T=ﬁ- @

[Tpruém yron OTKIOHEHHUS HUTU OT BEPTHKAIM MPU KOJICOAHUSIX Tpy3a HE
JOJKEH OBITh CIMIIKOM BeJMK (10 5-7 rpaaycoB), mHaue dhopmMyiia JJis orpeaere-

HUSL YCKOPEHHS CBOOOAHOTO MAICHUS EPECTAET OBITH BEPHOM.

HOPAAOK BBIITIOJIHEHUSA PABOTbI

1. 3akpenuTe MTATUBHYIO Jaly y BEPXHETo Kpasi crepxHs mratusa. Lltatus pas-
MECTHUTE Ha CTOJIE TaK, YTOObI KOHEIl EePEKIIaIMHbl BBICTYAN 3a Kpail oBepX-
HOCTH cToua. [TonBechTe K nepekiiagune ouH rpy3 u3 Habopa. ['py3 10mKkeH BU-
ceThb B 3-4 cM OT noJa.

2. V3mepwTe JieHTOM JUIMHY MasTHHKa | (JUIMHYy HUTH HY)KHO BBIOMpPATh MaKCH-
MaJbHO BO3MOYKHOM, /ISl YMEHBIIICHUS yriia OTKJIOHEHHS HUTH OT BEPTUKAIH) U
3aMUIINTE B TAOIUILy U3MEPECHUI.

3. OtxyioHHTE MasTHUK Ha 4-5 cM (TIpH [UTMHE HUTH HEe MeHee 50 ¢M) 1 OTITYCTHUTE €ro.

4. DNEeKTPOHHBIM CEKYHJIOMEPOM U3MEPHTE BpeMs t, 32 KOTOPOE MasTHUK COBEPIIIUAT
40 moJHBIX KOJICOAHUH U 3aMUIIUTE B TAOIUILy U3MEPECHUI.

5. TloBTopuTe OmbIT enié 6 pas, Mocie 4Yero BHIYUCIUTE cpeaHee BpeMs lep, 32 KOTO-
poe MATHHK caenaet 40 koyieOaHmii.

6. Bwraucoute nepuon xosebanuii mo popmyne (4).

7. Tlo dhopmyne (3) BeIUUCTUTE YCKOPEHHUE CBOOOTHOTO TafeHUs J.

8. OueHuTe OTHOCUTENBHYIO OIIMOKY MOJTYYEHHOTO pe3yibTaTa 1no Gpopmyie:

Ag — |gu3M B gma6ﬂ
g gma6ﬂ

/1€ Jusn — BEJMYUHA YCKOPESHUSI CBOOOTHOTO TIaICHHMS, OTIpeIeTIEHHAS TI0 Pe3yJIbTa-
TaM TMpoJIeJTaHHOU PaboTHI,
Qusw = 9,81 M/c? — TabAMUHOE 3HAYEHHE YCKOPEHHUS CBOOOIHOTO MaIeHUS.

-100%,
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9. Briuucaure abCOMOTHYIO MOTPEUTHOCTh U3MEPEHUSI YCKOPEHUSI CBOOOIHOTO Ta-

neHus mo gopmyiie:

. |gu3w - gmaﬁﬂ

g mabn

Ag = gu3M

10. Cnenaiite oOmIMii BBIBOJI IO pabOTe ¢ YKa3aHUEM U3MEPEHHOI'0 YCKOPEHUS CBO-

0O0JIHOrO naJcHus.

g =(0,,, +49) =,
C

A9 ~ ... % (oxpyerume 0o yenozo uucnal)
g
Tabauya usmepenuil.
Ne I, cm N t,C T,cC g, m/c? AQ, m/c? % , %
1
2
3
4 _ _ _ _ _ _
5
6
7
Cp. 40
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KOHTPOJIBHBIE BOITPOCHI
Kaxkoe gBuxeHne Ha3bIBAIOT KOJI€0ATEIHLHBIM?
JlaiiTe onpeeeHre epruo/ia U 4acTOThl KOJIeOaTeNbHOTO ABUKCHHUS.
Kakue xonebanus HazpiBatoT cBOOOAHBIMU? [IpuBenuTe nmpruMepbl CBOOOIHBIX
KoJeOaHu.
Yrto Takoe MaTeMaTHYCCKUI MasTHUK?
3anummte ¢popMyIy nmepruoaa KoiaebaHuii MaTeMaTHIecKoro MasTHUKa. OT Ka-
KUX BEJIMYHMH 3aBUCUT MEPUOJ KOJICOAHUN MaTeMaTHYeCKOro MasiTHUKa?
MaremaTudecKkuil MasTHHUK JUIMHOM 245 cMm coBepiaeT 50 KojebaHuii 3a 2 MUH
37 c. Onpenenure nepuo KoueOaHUl MasTHUKA U YCKOPEHHE CBOOOHOTO TMa-

JACHUA AJIs1 IIaHHOﬁ MU POTHI.

JIUTEPATYPA
®uzuka 115 poPeccuil U CenuaibHOCTEH TEXHUYECKOT0 MpouiIst: yueOHUK
JUIs 00pa3oBaT. yuIpexkIeHU Had. u cpell. npod. obpazoanus / B.D.[murpu-
eBa. — 6-¢ m3x., crep. — M.: M3narensckmii eHTp «Akagemus», 2013. — 448 c.
®duzuka a1g npodeccuii U creruantbHOCTe! TeXHuYecKoro npoduist. COoOpHUK
3aja4: yueb. mocobue Mg CTyH. yupexaeHuil cpen. npod. oOpasoBaHus /

B.®.JImutpuesa. — 4-e¢ uzn., crep. — M.: M3narenbckuil EHTp «AKageMus,
2014. - 256 c.
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