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BBEJAEHUE

dusuka B nepeBojie ¢ ApeBHerpeueckoro o3nayaet [lpupoga. Itum HazBaHueM
JOBOJIBHO TOYHO OMNpENENseTcs M OObEeKT HM3y4deHHs coBpeMeHHOW ¢u3uku. OHa
u3ydyaeT HaubOonee oOmme u (yHIAaMeHTadbHbIE 3aKOHBI U 3aKOHOMEPHOCTH
MaTepuaIbHOTO MHpA.

OmnwuceiBas OKpYKaloOIMKA HAaC MHUpP, OHA JACT KIIOYM K MOHUMAaHHUIO 3aKOHOB
JIBMKCHUSA U B3aUMOJICHCTBHUS MaKpOCKOMUYECKUX Tel. KonndecTBEeHHBIE 3aKOHBI,
YCTaHOBJICHHbIE (DU3UKOM, TO3BOJIAIOT BBHINOJHUTH C HEOOXOJUMON TOYHOCTHIO
pacyeThl pa3IUYHbIX MAIIMH U MEXaHU3MOB, PACUEThl MAPAMETPOB CPEACTB CBS3H U
00paboTku nHGOPMAITUH.

®duznyeckre TEPMUHBI U 3aKOHBI IIUPOKO MCHOJB3YIOTCSA B Pa3IMYHBIX
TeXHUYEeCKUX HaykaxX. [[OHATHHHBIN anmapar 3THX HayK MOCTPOEH Ha (yHAameHTe
oOmelt pusuku. Kak mpaBuiio, oHa BKJIIOYAET B ceOs Takue KIIIOUEBbIE TEPMUHBI, KaK
Macca, Cujla, JaBJICHUE, UMITYJbC, padoTa, MOIIHOCTh, SHEPIUs, MOTECHIIMAJ, CHUJIa
ToKa M Tak pgaiee. OOydaromuMmcs BecbMa TPYIHO OyleT U3ydaTb TEXHUYECKHE
OUCIMIUTAHBI, HE OBJAJE€B OCHOBHBIMU 3aKOHaMH M Kareropusmu ¢usuku. Kax
MOKa3bIBACT aHAU3 HW300peTaTeNIbcKO M  PAIMOHATU3aTOPCKON JESITeTbHOCTH,
MMEHHO 3aKOHBI (DM3HMKHU SIBISIOTCS HEHCUYEPIIAEMBIM HCTOYHHKOM HOBBIX HACH U
MPEIOKEHUH, TAIOIIUX WHOT/Ia HEOXKUTAHHBIE PE3yIbTaThI.

JlaHHbI 7a0OpaTOpHBIA MPAKTUKyM INpeaHa3HadyeH s oOywaromumxcs 1
Kypca no HampasieHuto noaroroBku 08.03.01 CrpouTtenbcTBO, HaMpaBICHHOCTD
(mpodpunp) mnporpammel  «lIpoMbIIUIEHHOE U TPa)XKIaHCKOE CTPOUTEIHCTBOY.
[IpakTkyM HampaBiieH Ha ¢popMupoBaHue y oOydaromuxca komnereHuun OITK-1:
CIOCOOHOCTh MCHOJIb30BATh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYUHBIX AUCLMILINH B
npodeccruoHaNbHOMN AESITENbHOCTH, IPUMEHITh METO/IbI MaTEMAaTHUECKOTO aHaIn3a U
MaTeMaTU4eCKOro  (KOMIBIOTEPHOIO)  MOJAEIUPOBAHUS,  TEOPETHUYECKOTO U
HKCIEPUMEHTAJIBHOTO UCCIIEIOBAHUS.



3JEMEHTAPHAS TEOPUSA NOTPEIIHOCTEN

[To 0OBEKTHBHBIM M CYOBEKTHBHBIM MPUYMHAM HHUKAKUE HU3MEPEHUS HEeJb3s
BBITIOJIHUTHh a0COMIOTHO TOoyHO. Hammm m3mepeHus: Bcerna coaepikarT T€ WM HHBIE
MOTPEUTHOCTH, Ha3bIBAEMbIE TAK)KE OIIMOKaMU U3MEPEHUM.

[TorpemtHOCTH U3MEPEHUI NPUHATO NOAPA3AEIATh HA TPH OCHOBHBIE IPYIIIIBI:

1. CitydaiiHble TOTPEIIHOCTH.

2. CucTteMaTH4eCcKue NOTPEIIHOCTH.

3. IIpomaxu mnu rpyOble OTPEIIHOCTH.

OxapakTepusyeM KakIyro U3 TPYIII HOApoOHEE.

CayyailHble TNOIPEUIHOCTH BO3HUKAIOT B pe3yibrare JEHCTBUS OOJIBLIOTO
quclia pa3InyHbIX (PAKTOPOB MMO—Pa3HOMY B Ka)JOM M3 dKCIepuMeHTOB. [Ipumepom
CIIydailHOM OLIMOKM MOXET CIY)XUTh OHIMOKa M3MEpPEHUs [JaBICHHUS O4YEHb
qyBCTBUTENbHBIM OapomeTpoM. CrTpenka Takoro OapoMeTpa OTKJIOHSETCS OT
CPEIHEro 3Hau€HUs ciay4yailHbIM 0Opa3oM. BennunHa OTKIOHEHUS 3aBUCHUT OT TOTO,
CKOJIBKO MOJIEKYJl U C KakUMH CKOPOCTSIMH COYHApsIlOTCd C HW3MEpPUTEIbHOU
IJIOIIAJKON MPUOOpa B JaHHBI MOMEHT BPEMEHHU.

CucTeMaTuyeckre TMOTrPEHIHOCTH BO3HUKAIOT B pE3ylbTare JIECUCTBUS
paznuYHbIX (DAKTOPOB OJUHAKOBBIM OOpa3oM B KaXKJIOM U3 3KCHEPUMEHTOB. OTH
MOTPEUTHOCTH MOXHO MOAPA3IEIUTh Ha TPYU OCHOBHBIE OATPYIIIIbIL:

a) IOTrPEIIHOCTH U3BECTHOM BEIMYMHBI UJIM MOTPEIIHOCTH, BETMYMHA KOTOPBIX
MOXeT ObITb paccuuTaHa 1o ¢opmyne. Takue TOTPEIIHOCTH Ha3bIBAIOTCS
NONPAaBKAMU M MOTYT OBIThb YCTpPaHEHbl C IOMOILIBIO BBEIECHUS COOTBETCTBYIOIIEH
nonpaBku. [Ipumepsl: n3MepeHue Toka npuOoOpoM cO COUTHIM Ha HECKOJBKO JIETICHUN
HA4aJIoM OTCYETa; M3MEPEHUE BPEMEHHM IO CHEUIAlllMM WIM OTCTAKOUIMM Yacawm;
U3MEpPEHHE Beca Tejla € YYETOM JIEWCTBYIOLIEH Ha HEr0 CO CTOPOHBI BO3AyXa
BBITAJIKWBAIOLICH CHIIBI,

0) MOrpeIHOCTH U3BECTHOTO MPOUCXOXKACHUSI, HO HEU3BECTHOW BeNMYMHBI. K
TakOMy THIy OIIMOOK OTHOCATCS, B YAaCTHOCTH, MOTPEIIHOCTH HW3MEPUTEIbHBIX
npruOopoB. OHM BO3HUKAIOT BCJEICTBHE TPEHHUS B MOJABHXKHBIX YACTAX MPUOOPOB U
n3—3a gedopmauuu 3TUX yacted. I[IpubopHble OMMOKKM OOBIYHO MOTYT OBITH
OLICHEHBI TOJILKO CBEPXY (T. €. yKa3blBaeTcsl MpefesibHasi MOrPelIHOCTh U3MEpPEHUN
TaKasi, 4TO peasibHasl MOTPEITHOCTh BCETIa MEHBIIIE ATOM MPeIeIbHON MOTPEITHOCTH).
JUIsi MEXaHUYECKUX HM3MEPUTENIbHBIX MPUOOPOB 3TO OOBIYHO I[€HA MUHUMAJIbHOIO
JeJICHUsT M3MEPUTEIbHON INKaJbl WM LE€Ha JeJeHUs HOHMyca IJis IpubopoB,
CHaOXEHHBIX HOHUYCOM; JJIsl 3JIEKTPOM3MEPUTEIBHBIX MPUOOPOB MOrPEUIHOCTD
OTpeeNsieTCs] KJIACCOM TOYHOCTH NMPUOOPA U COCTABISET ONpPENEICHHbINH IPOLEHT OT
BCEro JEHCTBYIOLIETO 3HAYE€HHUS IIKaJIbl Mprbopa, N0 KOTOPOW MPOU3BOJUTCS JaHHOE
U3MEpEHUE;

B) MOrPEIIHOCTH HEU3BECTHOIO IPOUCXOXKIECHHS, O CYIIECTBOBAHUM KOTOPBIX
AKCIIEPUMEHTATOP JIaXe W HE nojpo3peBaer. Hanpumep, npu u3MepeHun IIOTHOCTH
MaTepualia IWIMHIpA SKCIIEPUMEHTATOP MOXET W HE 3HaTh, YTO BHYTPH LIMJIMHIPA
COJIEPKATCA TOJIOCTH, M TMOATOMY MOJYYUT HEMPaBUIBLHOE 3HAUYCHHE H3MEpSIeMOun
MJIOTHOCTU. DTO OAMH U3 CaMbIX KOBAPHBIX BUJIOB OMIMOOK. JIJ1st X yCTpaHeHHs HaJ0
COBEPILIEHCTBOBATH METOJIMKY U3MEPEHU, MBITASACh YCTPAHUTh T€ UM UHBIE OLIUOKU
MMOAO0OHOI0 THIIA.




ITpomaxy unu rpyOble NOrPEMIHOCTH BO3HUKAIOT B PE3YJIBTATE HEIPABUIIBHBIX
NEUCTBUN 3KCIEpPUMEHTATopa Wiau ero omuOok. K TUOWYHBIM BHJIaM IPOMaxoB
OTHOCSITCS: MyTaHb€ WIKall MpuOopoB, moxoxux udp (1 u 7, 3 u 8) npu HeueTkou
3anucu. K cokaneHuro, 3TOT THN MOrPEHIHOCTEN HauOoyiee 4acTO BCTpEYaeTcs B
yaeOHON (u3mueckoir maboparopuu. OOydarommecs 4daimie BCEro IOMyCKaloT
CJIEAYIONIME MTPOMaxH: OIIMOKU B apu(IMETUUECKUX BBIUMCICHUSIX, HENIEPEBOJ BCEX
enuHMl] u3MepeHud B cucremy CH, HeyMeHHE ONepupoBaTh C OTPULATEIbHBIMU
CTENEHSIMHM 4YHUCJIA, HECIOCOOHOCTh pa3inyarh aOCOIIOTHYIO U OTHOCUTEIBHYIO
OLIMOKU U3MEPEHUH.

OmmnoKkyM NpAMbIX U3MePeHn

[IpssMbIM  Ha3bpIBaeTCs  M3MEPEHHUE,  BBHINOJIHAEMOE  HEMOCPEICTBEHHO
U3MEPUTEIBHBIM MPUOOPOM, HANpUMEp, JUIMHBI — JIMHEHKOW WM CHJIBI TOKa —
amrniepmeTpoM. Eciu B Xxo/ie psSMbIX U3MEPEHUN MOTYyYeHO N 3HAYEHUI U3MepseMon
BEITUYUHBI X1 , X3 ,..., Xn, TO BO3HUKAET BOIPOC: KAKOE U3 ITUX 3HAYCHUHN OJIMIKE BCETO
K UICTUHHOMY"?

Hanbonee BeposTHO, uTO ONM>KE BCEr0 K HUCTUHHOMY — CpeaHee
apu(pMEeTHIECKOE ITUX U3MEPEHUI

o Xt Xt X,
n ' 1)

Ero B pajbHeWlIeM Mbl U INPUMEM 3a UCTUHHOE 3HAUYEHHE, ITOCKOJBKY CaMo
MCTUHHOE 3HAYEHHE HaM HEU3BECTHO. 3aT€M HaxOAMTCS OTKIOHEHUE KaxJoro
U3MEPEHHUS OT CPEIHETO apUPMETUUECKOTO

AX]_:‘)_(_X]-" AXZZ‘)_(—XZ"AXn :‘)_(—Xn (2)
[TOTOM pacCYMTHIBAETCS CPENHEE OTKIOHEHHE AX
—  AX, + AX, +...+ AX
A= - ©

n

Jlanee cpenHee OTKIIOHEHHE CPAaBHMBAETCA C NMPUOOPHOM MOTPEHIHOCTBIO AX,,
U B KaU€CTBE OKOHYATEIbHON OLIMOKH MPSMOTO U3MEPEHUS BHIOUPAETCS

AX = max(Ax, AX, ). (4)

Omubka, HadgeHHas 1o dopmyne (4), Ha3bIBaeTCS aOCONIOTHOW OMIMOKOM
opsaMOTO m3MepeHus. JIJisi XapaKTepUCTHKHA KadecTBa HM3MEPCHHMHA BBOIAT TaKKe
MTOHSATUE OTHOCUTEIBLHON OMTUOKH




AX
OX = —.
- (5)

3nech mog X MBI MMOHMMAaeM HMCTUHHOE 3HAYCHHE W3MEPSEMOW BEIWYHHEI.
OTHOCHUTENBHAS OIIMOKA YaCTO BBIPAXKAETCS B IPOLIEHTAX

5% = 3 -100% = == -100%, (6)
X

Tunuynble OTHOCHUTENbHBIE OIIMOKH, JOMyCKaeMble B Xole J1ab0paTopHOTO
MPaKkTUKyMa, BapbUpPYIOTCA OT €AUHUL HpoueHta Ao npumepHo  20%.
OxoHYaTenbHBIA PE3yaAbTAT MPSAMOI0 U3MEPEHUS 3aIUCHIBAETCS B BUIE"

X=(X=* AX)[ed.u:m.], npudX =...% (7)

3anuchk (7) o3HaYaeT, YTO UCTUHHOE 3HAUEHUE X JISKUT B UHTEpBAJe
X-AX < X <X +AX. D10 coObITHE cuuTaeTcsi BeposATHBIM. [IpaBna, camo 3HaueHue
BEPOSATHOCTH TOTO, YTO X IONAJAET B JAaHHBIA MHTEPBAJ, B DJIIEMEHTAPHONU TEOPHUH
MOrpeIHoCTe He olleHnBaeTcs. CyliecTByeT 0ojiee CTPOrui MOAXO0 K BHIYUCICHUIO
IIOTPEIIHOCTEN, MTPU KOTOPOM YKa3bIBAE€TCSl JTOBEPUTENIBHBIA MHTEPBAJ, B KOTOPOM
JIEKUT UCTUHHOE 3HAYEHUE U COOTBETCTBYIOLIAS €MY JIOBEPUTENIbHAS BEPOSTHOCTD.
[Tpu 3TOM HEOOXOAMMO IPUHKUMATH TUIIOTE3Y O TOM WJIM MHOM 3aKOHE pacipeesIeHus
CJIy4alHOM MOTPELIHOCTH.

B morpemnoct AX npu 3anMcH KOHKPETHOIO 4YHCJIa OCTaBISIIOT OJHY
3HaYallyro uudpy, B ciayyae, €Clii OHa paBHA €IUHUIE, COXPAHSAIOT JBE 3HAYalllle
uuppel. Pe3ynbrar cienyer OKpyDIATh 0 MOCHEAHEH 3Hadamed 1udpsl
norpemHocTd. Ecnu ectb oOumii MHOXUTENb B BUAE cTeneHu uuciaa 10, ero
BBIHOCAT 3a CKOOKY.

Hanpumep, BpeMs HacTyIJIEHUS! HEKOTOPOTO COOBITHSI MOXKET OBITh 3allUCAaHO B
BHJIE!

t=(1,95+0,13)-10° ¢, mpu 5t = 6,7%. (8)

HanomHuM, 4TO 3HaYalIMMU SIBJISIOTCS JIIOOBIE IUGPBI YUCIA, KpOME HYJEH B
Hayaje 4uciaa. B NpoMeKyTOYHBIX BBIYMCICHHUSX HYKHO YYHMTBIBATH MHHUMYM
YeThIPE 3HAYALUX LHUPPBHIL.

OmndOKM KOCBEHHBIX M3MEpPeHU
KocBeHHBIM Ha3bIBaeTCsi M3MEPEHHE, MOIYYEHHOE C IMOMOIIbI0 pacuera IO
dbopmynam. Hanpumep, 06beM Kyba MOKHO HaiiTi 1o Gopmyite V = a°, e a — pebpo
Ky0a, u3MepsieTcsi HeMOCPEICTBEHHO, a 00beM yxke Bbhlumcisgercs. [lycTb kocBeHHOE
U3MEpPEHHE ) CBS3aHO C MPSMBIM HM3MEPEHHEM X C MOMOUIbI0 (DYHKIMOHAIBHOM
3aBHCHUMOCTHU
y=f(x). (9)

PaccMoTpum Tenepb OMIMOKM KOCBEHHBIX M3MEpPEHUN B TOM cllydyae, KOTjaa
u3MepseMasi BeJIMUMHA SBIseTCA (PYHKIMEH OT HECKOJIIbKUX MPAMbBIX U3MEpPEHU N
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y = f (ayay...,an). 3necw @y, ay,..., &y TNPSIMbIC U3MEPEHHS PA3IUYHBIX (PU3NIECKHX
BennuuH. Torna, nuddepeHuupys y, Hailnem

of of of
AY ~ |—|Aa, +|—|Aa, +...+|—]Aa_,
y aal ai aaz 2 aa m (10)

m

rne of/da; — yactHas npowsBonHas ot (yHknuu f mo aprymenty ;. pyrue

apryMEHTBI P B3ATHHM YaCTHOM NMPOM3BOJHOM MO JAHHOMY apryMEHTY CUHUTAOTCS
ITIOCTOSIHHBIMH.

3amMeTHM, YTO MPHU NPOBEJECHUN KOHKPETHBIX YHUCIEHHBIX PACUETOB, YUUTHIBAS
TOYHOCTh M3MEpPEeHHH B yueOHOW saboparopuu, HEOOXOAMMO Ha KaXIOM 3Tale
BBIYMCIICHUN YIE€P)KUBATh, KAK MUHUMYM, Y€ThIpE 3Ha4YauXx HU@pbl. J[J11 KOCBEHHBIX
M3MEPEHHI BHIBOTUTCS (POPMYIa OTHOCUTEIBHOMN MOTPEITHOCTH.

Kiiacc TOYHOCTH M OLIEHKA NOIPEIIHOCTEH JIEKTPHYECKUX H3MepeHHil.
Bce anexkrpousmepurenbHble ONpUOOpBl JENATCS MO KiIaccy TOYHOCTH, 3HAYEHUS
koToporo Moryt ObITh: 0,1; 0,2; 0,5; 1,0; 1,5; 2,5; 4,0. Knacc TOYHOCTH yKa3bIBaET,
YTO MOTPEIIHOCTh IOKa3aHWW Ipudopa B JTHOOOM MECTE€ IIKaJIbl HE JOJDKHA
npessimars 0,1%, 0,2%, 0,5%, 1,0%,1,5%, 2,5%, 4,0% coOTBETCTBEHHO.

MaxkcumanbHyto (IpeaesibHy0) a0COMIOTHYIO MOrPEIIHOCTh NMPUOOpa MOXKHO
OIICHUTH 10 hopmyIIe:
LY

100 ’

rae K — kiacc TouHoctu mpubopa; A’ — MaKCUMaIIbHO BO3MOXHOE TOKa3aHUE
puOopa Ha BEIOPAHHOM MIKAJIE.

Hanpumep, aOcontoTHass MOTrpemIHOCTb M3MepeHus HampsbkeHuss B 30 B
BOJIETMETPOM, KJIacc ToyHOCcTH KoToporo 1,0 u npenen uzmepenus 100 B (A’ = 100),
COCTaBJISIET

AA

AU =0,01-100 =1 B.
OTHOCHUTENbHAS TOTPEIIHOCTh Tpubopa OyaeT Tem Oosiblile, YeM MEHBIIE
u3Mepsemasi BenuuuHa. Ecnu, Hampumep, MpU MOMOIIM YKa3aHHOTO BOJBTMETPA

u3MepuTh HampspkeHue 30 B, To oTHOcHTenbHAs MOrPEUIHOCTh OYIET COCTaBIATh!
£-100 = i-100 =3,3%),
U 30

a mpu n3mepenuu Hanpspkerus 10 B — 10%.

[Ipy TOYHBIX U3MEPEHUSIX CIIEAYET MOJb30BaThCS TAKUMHU MPUOOpPAMU, YTOOBI
MPEANOoJIaraMoe 3HAY€HUE U3MEPSEMON BEJIMYMHBI COCTABIIO HNpuUMEPHO 75% oT
MAaKCHMAaJIbHOTO 3HAYEHUSI.

YyBCTBUTEIBHOCTBI0 HA3bIBACTCS BEJIWYMHA, PAaBHAS OTHOILICHWUIO YITIOBOTO
WIM JIMHEWHOTO TIepeMEelIeHMs] yKas3aTels npubopa K HU3MepsieMOd BeJWYHHE,

BBI3BABIIIEH 3TO MEPEMEIICHUE, T.C.

rae X — u3MepsieMas BeJIMYKrHa; N — epeMelieHue (YUCiio AeIeHUN IIKabI).
8



Ilpumep. Ecnyu BOJABTMETp paccuuTaH Ha HampsbkeHue B 2,5 B u mikama
npubopa umeet N = 50 gAeneHU, TO YyBCTBUTEIHLHOCTH MPUOOpPA paBHa:
S=50/2,5 =20 nen/B.
Hena nenenus C sBrseTcs BEIMUYUHOMN, 0OpAaTHON 4yBCTBUTEIBHOCTH S:

c_l_x
S n’

B npenpiaymem npumepe C = 0,5 A/nen.

IIpenenbl u3MepeHnil. 3HAYECHHE H3MEPAEMON BEIWYMHBI, MPU KOTOPOM
CTpesKa mpudopa OTKIOHSAETCS /10 KOHIIA IITKAJIbl, HA3bIBACTCS MPEICIOM U3MEPESHUM
ATOTO TIpUOOpa. DIEKTPOUIMEPUTEIIbHBIE MPHUOOPHI MOTYT HUMETh HECKOJIBKO
npenenoB u3MepeHus. HeoOXoauMo MOMHUTE, YTO Y MHOTOINPEACIBHBIX TPUOOPOB
IIeHA JIeJICHWS Ha Pa3IMYHBIX Tpeaenax OyaeT paszindHa, MOATOMY HEOOXOAMMO
YMETh ONPENETATh IIEHY JACJICHUs, KOTOpasi paBHA 3HAYCHUIO U3MEPSIEMOI BEJIMYUHBI,
COOTBETCTBYIOIIEH OHOMY JCIICHUIO TIprOOpAa.

Ilpumep. AMnepMeTp ¢ HaApYKHBIM LIYHTOM UMEET ABa IpeAeia U3MEPEHUN —
1,5 A u 3,0 A. llkana umeetr 150 nenenuit. llena nenenus B 3TUX ciy4asx Oyaer
paBna 1,5:150 = 0,01 A/gen u 3,0:150 = 0,02 A/nen.

[To mpunIUNY AeHcTBUSA MPUOOPHI MOTYT MMETh pa3Hble KOHCTPYKIIMOHHBIC
CHCTEMBI.

Cucrema onpenensercs GU3NISCKUM SBIICHHEM, KOTOPOE IMOJIOKEHO B OCHOBY
JehCcTBUSA ANEKTPOU3MEPUTEIBHBIX pUOOPOB. Cucremsbl OBIBAIOT
MarHUTORJICKTPUUECKHUE, AJIEKTPOMAarHUTHBIE, ANEKTPOAMHAMUYECKHUE,
dbeppoMHAMUYECKUE, WHAYKIIMOHHBIC, TEPMOICKTPUUCCKUE, BUOPAIIMOHHBIC,
TEIUIOBbIC, JIETEKTOPHBIC, JIEKTPOHHBIC, (POTOIIEKTPUUECKUE, DIECKTPOITUTUUYECKUE,
ANEKTPOCTATUUYECKUE U JP.

B Hammx yueOHbIX 1a00paTopusix B OCHOBHOM MPUMEHSIOTCS U3MEPUTEIIbHbBIC
MPUOOPHI MArHUTORJICKTPUUYECKON U JIEKTPOMArHUTHOU CUCTEM.

MarHurtosnekTpudeckasi CUCTeMa MMEET YCIOBHOE O0O3HAYeHUE N, KOTOpOE
MOXHO HaWTW Ha maHenau mnpuOopa. OcCHOBaHA 3Ta CHUCTEMa Ha B3aUMOJICHCTBUU
MarHUTHOTO TIOJISI MOCTOSIHHOTO MarHuTa (U— 00pa3HOro) U MarHUTHOTO TOJISI PaMKH
¢ TokoM. Cuia 3TOro B3aUMOJCHCTBUSL MPSIMO MPOMOPIMOHAIBHO 3aBUCUT OT CHJIbI
TOKa B paMKe, CBS3aHHOM CO CTPEJIOYHBIM MeXaHu3MoM mpubopa. Taxkas
W3MEpUTENIbHAs CUCTEMa SIBJISIETCS. BBICOKOUYBCTBUTEJIBHON M BBICOKOTOYHOM, HO
HEJIOCTAaTKOM €€ SIBJIICTCA TMOABEPKEHHOCTh BHEIIHUM 3JICKTPOMArHUTHBIM TIOJISIM.
Kpome Toro, mpubopsl 3T0i cucTeMbl PabOTAOT TOIHKO B PEKHME IOCTOSHHOTO
TOKa, YTO 0003HAYACTCS HA IMaHEIM IPUOOpa TOPU3OHTAITHHON MPSIMON .

DJIEeKTpOMAarHUTHAasE CUCTEMA UMEET YCIOBHOE 0003HAYEHUE i B aTo0i#i cucreme
BMECTO IMOCTOSIHHOTO MAarHuTa  HUCHOJIb3YETCS 3JIEKTPOMArHUT, YTO CHIKAET
YyBCTBUTEIBHOCTh, TOUHOCTH NMPUOOPA, HO AAET BOZMOKHOCTb MUCIIOJBb30BAHUS €TI0 U
B PEXKHME IOCTOSHHOIO, U B PEKHUME NEPEMEHHOIO TOKa, YTO COOTBETCTBYET
0003HAYEHUIO .

KonTposbHbIe BONIPOCHI

1. Kak knaccuduuupyrorcst om0k GU3nyecKuxX u3MepeHuii?

2. OmumOKM Kakoro THUIA Yalle BCEro BCTPEYAOTCA B Y4EOHOU (PU3HYECKOM
naboparopuu?



3. Kakue nuaMepeHus Ha3blBalOTCs MPSAMBIMU?

4. Kak ompenensieTcst aOCOMOTHAS OTPELUTHOCTD MPSIMOTO U3MEPEHHUS?

5. Yrto Takoe OTHOCHUTEIbHAS MOIPEIIHOCTh U3MEPEHUA?

6. CkompbKo 3Ha4amux mU@p HAAO0 OCTABIATh B aOCONIOTHOW MOTPEITHOCTH
PSAMOTO U3MepeHus?

7. Kakue n3MepeHus: Ha3bIBalOTCsl KOCBEHHbIMU? [IpruBenTe nprumepsl.

8. Cxonbko 3HaYamux mudp HaA0 yIep >KUBaTh B IPOMEXKYTOUHBIX
BBIYUCIIEHUSAX ?
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PA3BJAEJI 1. MEXAHUKA

TEOPETUYECKOE BBEJAEHHUE K PABOTE 1.1
B pabore nzyuaercsi paBHOyCKOPEHHOE JIBH)KEHHE CUCTEMBI CBA3aHHBIX IPY30B.
JIBUKEeHUE T'py30B OIHCHIBAETCS OCHOBHBIM ypaBHeHHEM auHaMuku (Il 3axoHom
HprotoHa)

ma=3F. 1.1)

- —
rme m — macca TCl1a, a — YCKOPCHHC JTOIO TCJIA, z F — BCKTOpHAA CyMMa
1

CUJI, IEUCTBYIOIIUX HA TEJIO.

Mamna AtByna (pucyHok 1.1) mpeacraBisier coboi OJOK, yepe3 KOTOpBIi
NepeKuHyTa HHUTh C Tpy3aMH Maccod m; W mp Ecoum maccel TPy30B HMEIOT
OJIMHAKOBBIC 3HAYCHUsS, CHCTEMa HaXOIUTCSA B O€3pa3IMuyHOM PAaBHOBECHHU, U TPY3BI
HETOJIBIKHBI. B citydae, eciii Macchl rpy30B OTIIMYAIOTCS HA BEMUYUHY AM, cructema
MPUJET B JIBXKEHUE U TPY3bl HAYHYT MEPEMENIAThCs C YCKOPEHHUEM d.

3anuiieM ypaBHEHHWE JIUHAMUKH B TPOCKIMU HA BEPTUKAJIbHYIO OChH IS
MEPBOTO TPy3a:

-m;a=T-myQ (1.2)
I}:r d
ﬁ} — A
i T —
iz
— M
T
mqz g
W
miE‘n’

Pucynok 1.1 — CBsi3anHbie Tena
3anuileM ypaBHEHHWE IUHAMUKM B TPOCKIMU HA BEPTUKAJIbHYIO OCh IS
BTOpOTO Tpy3a:

mya=T-myqQ (1.3)
11



Bbruuras u3 ypaBHenus (1.2) ypaBuenwe (1.3) ¥ yuuThIBasi, 4TO HATSIKEHUE
HUTH JIJI51 IEPBOTO ¥ BTOPOTO TPy3a OAMHAKOBBI B MPUOIMKEHUH HEBECOMOCTHU OJI0Ka,
MOJIyYHM BBIPAXKECHHE:

(Mg +my)-a = (Mg - my)-g (1.4)

OTC}OI[a cnez[yeT:
_m+m, » .
m—m, (15)

Jna ompeneneHuss yCKOpEeHHs A UCIOJIb3YEM 3aKOHBI PaBHOYCKOPEHHOI'O
IPSAMOJIMHEHHOTO JABMKeHUs. [IpoiiieHHbIN MyTh onpeaenseTcs GopMyIio:
2
s = vt + 2
= Vol + 5 (1.6)

[Ipy nBUKEHNH C HYJIEBOM HAYaJIbHOW CKOPOCTBIO Vo = 0

Torma »KcnepUMEHTANbHOE 3HAYCHHE YCKOPEHUS CBSA3aHHBIX TET MOXKHO
OTPENIeNUTh 10 HopMmyIIe:

25
aakc - t_2 (1.7)

PABOTA 1.1 U3BYYEHUME PABHOYCKOPEHHOI'O IBUKEHUSA
HA MAIINHE ATBYJIA

Ileab padoThI: W3YyYCHHE 3aKOHOB MPSMOJHUHEHHOIO PaBHOYCKOPEHHOTO
JBUKEHUSI TPY30B B T10JI€ TATOTCHUS 3€MIIH.

Onucanne yCTaHOBKH

Mammna AtByma (pucyHok 1.2) coctouT u3 Jnerkoro Omoka (2) B BHIE
CIUIOLIHOTO JUCKAa, CIIOCOOHOTO BPAaIAThCsl BOKPYT HEMOABMKHOW TOPU30HTAIbHOU
OCH, PAaCIlOJIOKEHHON B BepxHeW uacTu BepTuKalbHOU cToiiku (1). Ha crolike
HaHECEHa IIKaJla ¢ CAHTUMETPOBBIMU OTMETKaMH. Uepe3 OJOK MEpeKuHyTa Jierkas
HUTh, Ha KOHLIAX KOTOPOW 3aKpeIyieHbl TPYy3WKH B BUAE UMIMHAPOB (3,4) pazHou
Macchbl m; U My. B J1€BOM BEpXHEW YAaCTH CTOMKM YCTAHOBIIEHO 3JIEKTPOMArHUTHOE
MIyCKOBOE YCTPOMCTBO, MO3BOJAIONIEE (PUKCUPOBATh IMOJIOKEHHE Tpy3ukoB. [lpu
OCBOOOXKJACHUM HUTHU TPY3UKU HPUXOAAT B JBUKEHHE, OJHOBPEMEHHO BKJIIOUAETCS
ANEKTPOHHBIN cekyHaomep. [Ipolas myTe S, npaBblil HUIMHAPUK MONAJAET CBOUM
HOKHUM OCHOBaHHEM B KpOHINTEWH (6), HA KOTOPOM YyCTAaHOBJIEH (DOTOATUUK,
OCTAHABIIMBAIOIINN CEKYHIAOMED.

12
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Pucynok 1.2 — BHemHuii B ManuHbl ATBy/1a

IHopsAAOK BHINOJHEHUS PA0OTHI

1. BxJtO4uTh B CETh HIHYP MUTAHUA IPUOOpA.

2. IlepekrHYyTh HUTbH C JABYMsI Ipy3aMU 4epe3 OJIOK M yOeauThCs, 4TO CUCTEMa
HaxXOUTCs B PABHOBECHHU.

3. YcTaHOBUTH KpOHIITEHH ¢ (OTOJATYMKOM B HIDKHEH YACTH IIKAaJbl
BEPTUKAJILHON CTOMKHM Tak, 4TOOBI MIIOCKOCTh KPOHILITEHHA, OKpAalIEeHHAas! B KPaCHBIN
LBET, COBIIAJIa C OJAHOW M3 PUCOK IIKajbl, a NPaBbli I'Py3 IPU ABWKCHUH BHU3
MIPOXOJUI B LIEHTPE pabouero okHa poToaaTyuka.

4. TlepeMecTUTh HUTH C Ipy3aMH TaK, YTOObI MPaBbIA I'Py3 3aHsI BEpXHEE
ITOJIOXKEHUE.

5. Haxatp Ha xHonky «CETb» cexynmomepa, nmpu 3TOM JOHKHO BKJITFOUUTHCS
Ta0JI0 MHIUKALIMHU U JIEKTPOMArHUT, YAEP>KUBAIOLIUN CUCTEMY B MOJIOKEHUHU TTOKOSL.

BHUMAHMUME! Jlns  npegorBpamieHuMsi  NeperpeBaHusi  KaTYIIKH
3JEKTPOMATHUTHOIO TOPMO3a — BpEMs ero HenpepbiBHOW PA00ThI HE JI0JKHO
NpPEeBbINATH 15 CeKYH/, 3aTeM He00X0IMM IepephIB_He MeHee, YeM Ha S CeKYHIL.

6. IlonoxuTh Ha MOpaBblil Tpy3 OAWUH U3 TNEPETPY3KOB, YKa3aHHBIX
IIPEIOIABATENIEM.

7. Haxarb kHonky «Crapt» cekyHaomepa. Ilpm 3ToM mpoucxoguT
PacTOpMaXMBAaHUE AIEKTPOMArHUTHOTO TopMo3a. [IpaBelii rpy3 HaUMHAET ABUTATHCS
BHM3, & TAMEP CEKyHAOMEPA HAYMHAET OTCUET BPEMEHMU.

8. Ilpu mepeceueHun MpaBbIM I'Py30M ONTHUYECKOM OCH (POTOJATUYMKA OTCUET
BPEMEHU NIPEKPATUTCA. 3alncaTh MOKa3aHUs TauMepa, T.€. BpEMsI IBUKEHUS TPY30B.

9. Ilpu moMomM BU3Mpa MO IIKAJIE CTOWKH OMPEIACTUTh MPOUIECHHBIN TPy30M
IIyTh, KaK PACCTOSIHUE OT HUKHEH IJIOCKOCTH I'Py3a B BEPXHEM IIOJIOKEHHUM I'py3a 10
ONTHYECKON OCH (POTO/IATUHKA.

10. [ToBTOpPUTH OMBIT HE MEHEE 3 pa3.

11. Pesynbrarhl u3MepeHuit 3anucarb B Tadbmauy 1.1.

13



Ta6nuna 1.1 — Pe3ynbraThl H3MepeHHid U BEIUUCICHUN

onJifTa My, K | Mo,k | S, M tc |a, M/ 3;2’2 372’2 og, % ;1/%’2
1
2
3

ook wdrE

12. 3Has TpPOHJCHHBIM TyTh W BpeMs JBIOKCHUS, OINPEICIUTH 3HAUCHUE
yckopeHus 1o @ ¢opmyie (1.7).

13. Onpenenuts cpejHee 3HAUEHUE YCKOPEHHUH A, 10 HOpMYIIE:

a, 3

14. PaccuuTaTh yCKOpEHHE CBOOOAHOTO HaaeHus mo Gopmyie (1.5).

15. BBIYMCAUTH OTHOCUTEIBHYIO MOTPEIIHOCTH 10 hopmyIie:

mAm +mAm, AS 2At
59 — 1 12 22 2 4
(ml B mz) S t

16. BerancauTh aOCOMIOTHYIO TOTPEITHOCTH 10 (hopMyJIe:
Ag=9- _

17. 3anucarh OKOHYATENBHBIN pe3yabTaT B BUJIE:

9= (9 £42) M/c? ipr 09 = ... %

(1.8)

(1.9)

(1.10)

18. CpaBHHUTH TEOPETHUYECKOE W IKCIEPUMEHTAIHLHOE 3HAYCHUS yCKOPEHUS
CBOOOIHOIO MaJ€HUs, ONPEACIIUB BEIUUUHY

gzm.loo%

g meop

KoHTposbHbIEe BONIPOCHI
UTo Takoe TpaeKTopus, yTh, IEPEMEIICHUE MaTEPUATbHON TOYKH?
Uto Ha3BIBAETCS CKOPOCTHIO?
UTo Ha3bIBAETCS YCKOPEHUEM?
Kaxkoe nBuxeHue Ha3bIBa€TCA PABHOMEPHBIM?
Kaxkoe nBuxeHue Ha3bIBA€TCA PAaBHOYCKOPEHHBIM?

Kak 3aBHCHT CKOpOCTH OT BpPEMEHU MpHU MNPSIMOIMHEHHOM PaBHOYCKOPEHHOM

JIBUKCHUN?
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/. Kak 3aBUCUT TpOWJIEHHBIN OyThb OT BpPEMEHU IMpU HPSIMOJUHEHHOM
PABHOYCKOPEHHOM JABUKECHUU?

8. Cdopmynupyiite 3akonbl HproToHA.

9. O6bsacHuUTE X0 pabOTHI.

10. BeiBenuTe Gopmyiny ais onpenesaeH sl yCKOPEHHUsl CBOOOJHOTO MaICHHUS.

11. Kakue  npuyuHBl ~ BAMSIOT  HAa  PAcXOXKIEHUE  TEOPETHYECKOIO U
AKCIEPUMEHTAJILHOTO 3HAUEHUN YCKOPEHHUsI CBOOOIHOTO MaIeHUs?

TEOPETHYECKOE BBEJIEHHUE K PABOTAM 1.2a 1 1.26

[Tox geiicTBHMEM BHEIIHUX CHJI TBEPJIbIE TeJla UCHBITHIBAIOT Aedopmalinu, T.e.
U3MEHSIOT cBoM GopMmy U o0beM. CyImiecTByeT ABa Tuma jaedopmariuu: ynpyras u
mactuyeckas. Jledbopmarius Ha3bIBaeTCsl YIPYrod, €Ciad TOcjie IPEKpaIleHHs
JEHUCTBUSL BHEIIHUX CHJI TEJIO TNPUHUMAET IE€pBOHAYAJIbHBIC pa3sMepbl U (Gopmy.
Hedpopmanuss uMmeeT ympyruii xapakrep, B cCiydae, €CJIIM BHENIHSAS CHla HeE
MPEBOCXOAUT OMPEAECIEHHOTO 3HAYEHHS, KOTOPOE HA3bIBAETCS MPEAEIIOM YIIPYTOCTH.
IIpu mpeBblllieHUH STOTO Tpenena aedopmManusi CTAHOBUTCS IIJIACTUUYECKOM.
[Inactuueckoit  Ha3zwpiBaeTcs Acdopmalivs, KOTOpash COXpaHSIETCS B Tele MOCIe
MPEKpalICHHS JEUCTBUS BHEIIHUX CUJI Ha TEJIO.

B 3aBucHUMOCTH OT TOTO, KaK MPUJIOKEHBI CHIIBI K TEITY, Pa3JIUYalOT CIEAYIOIINE
BUJIbI Jie(popMaliun: pacTsHKeHUE, CoKaThe, U3rud, KPyuyeHHe U CIIBUT.

Jedopmaruisi MPpUBOIUT K BO3HUKHOBEHUIO B TEJI€ CHJIBI YIIPYTOCTH, KOTOpas
YpaBHOBECIIIMBACT BHEIIHKWE CHJIBI, BbI3BaBIIHE jachopmariuto. CHIIBI yIPYTOCTH
00yCJIOBIICHBI B3aMMOJICHCTBHEM MEXKIY YacTHUIIaMH (MOJIEKYJIaMH M aTOMaMH) TeJa.
BcenencTeue B3anMOAEHCTBUSL OTAECIBHBIX YAaCTE€W TBEPIOro Tejia APYr C JAPYyroM
JIEUCTBUE MPHUIIOKEHHOM K HEMY CHJIbI MEPEIACTCS BO BCE TOYKH TEJa, U BCE OHO
OKa3bIBACTCA B HANPSKEHHOM COCTOSHHUHM. B CBA3M C 3TUM BBOJIMTCS IOHSITHE
HOPMAJIbHOTO HANpPsDKCHUS, T.€. BEJIWYWHBI, YHCIECHHO PAaBHOM CHWJIE YIPYTOCTH,
JNEUCTBYIOIIECH HA EAUHUILY TUIOIIAAN MTOMIEPEYHOIO CCUCHUS TEIIA:

o = E
X (1.11)

IJ€ G — HOpMaJlbHOE HaMNpsbKeHue, //a.

Ecnu x koHIy ofHOpOIHOTO cTepkHs (pucyHOK 1.1), miomanas mornepedHoro
CEUEHHMsI KOTOPOTO paBHA S, MPWIOKHUTH HAMIPABICHHYIO BJIOJIb OCH PACTATHUBAOIIYIO
CUIy F, 10 nepBOHayaibHas AJMHA CcTepkHS L u3Mensercs Ha A{, koropas
Ha3bIBAETCS A0CONIOTHBIM YIUTMHEHUEM CTEPIKHS.

Crep>keHb MCTBITHIBACT YNPYTYIO Ae(opMaIiuio OIHOCTOPOHHETO PACTIKEHUS
(4¢ TONOKUTENBHO).

KonmnuecTBeHHON MepoH, XapakTepu3yIOIIel CTeneHb aedopMaiuu Tena,
SBISIETCS €T0 OMHOCUmMENbHOe YOJuHeHue &, PaBHOE OTHOIICHHUIO aOCOIOTHOTO
yauHeHus A€ K nepBoHaYadIbHOW JJIMHE CTEPKHS L:
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521‘ (1.12)

L+A¢

A

v

Pucynok 1.3 — Jledopmariust cTepHs Mo ISUCTBUEM CHIIBI

B npenenax ynpyrux nedopmainuii HOpMaJbHOE HaNpsHKEHUE 6 MPSMO
MPONOPIIMOHAIBHO OTHOCUTEIIBHOMY YIJIMHEHUIO & (3aKoH ['yka):

o=E-¢, (1.13)

rne E — koaddULMeHT nmponopuruoHaIbHOCTH, Ha3biBaeMblii Moayinem FOHra
(MozynieM ympyrocTtu) Matepuaia odpasiia.

Monyns FOHra xapaktepu3yeT ynpyrue CBOMCTBa Marepuana, U3MepsieTcs B
nackaisix (I1a). @opmanbHo pusznueckuit cmbic Moayiast OHra MOXXHO onpenenuTh
cienyrouuM  o0paszoM. Monynes FOHra 4mHCIEHHO paBeH TaKOMYy BHYTPEHHEMY
HaIpsDKCHUIO, TIPU KOTOPOM JUIMHA CTEP)KHS MOXKET HW3MEHUTBhCA B JBa pa3a (Ha
CaMOM JIeJI€ CTEpP’KEHb MCIBITBIBAET pPa3pblB IOpa30 paHbIIE, YEM €ro JJIMHA
yBoures). [t MeTamioB Moayias FOura nocturaer suasenuii 10— 10™ ITa.

N3 (1.3) ¢ yuerom (1.1) u (1.2) monyns FOnra:

c F F-L

E:—: =
g S-¢ S-AU (1.14)

Bce BBILIEU3NOKEHHOE OCTaeTCs CHOPaBEIJIMBBIM U g Jedopmanuu
OJTHOCTOPOHHETO CIKATHSI.

Nzyuenne nedopmarum u3ruda IMOKa3bIBACT, YTO BEPXHSIS YACTh CTEPHKHS
VIUIMHSETCS, HUXHSST YacTh CTEPXKHS YKOPAYMBAETCs, CPENHSISI YacTh MOYTH HE
OKa3bIBAET COIMPOTUBICHUS W3TUOY. DTO OOCTOSTENHCTBO NMPUMEHSIETCS B TEXHUKE
(cTtepxHHM, paboTaronue Ha W3rM0, ACNAIOT IOJBIMH) M HaXOJUT OTPaXCHUE B
npupoje (cTebsid 3JIaKOBBIX PACTEHUM, KOCTH MTHI] UMEIOT TpyO4YaToe CTPOCHHE W
T.11.). Bee Buabl nedopmariyin MOTyT OBITH CBEJIEHBI K OTHOBPEMEHHO MTPOUCXOISIINM
nedopManmsiM  PacTSHKCHHUS WM CKaTUS W CABUTA. 3aBUCUMOCTH HOPMAaIbHOTO
HampsDKEHUST O OT OTHOCHUTENBHOTO V/UIMHEHUs € (AumarpaMMa HarpsHKEHUH)

n3o0pakeHa Ha pucyHnke 1.2. I[Ipu manbix gedopmarusx (ot 0 10 €,) BBIMOIHACTCS
3akoH ['yka; 310 mpakTudecku JimHerHbId ydyactok 0a. MakcuManbHOE HampsihKeHHe
Op, COOTBETCTBYIOILIEE 3TOMY YUYaCTKY, Ha3bIBAC€TCA MPEAEIOM IIPONOPLUOHAIBHOCTH.
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IIpeden ynpyeocmu Gy — 3TO MakCUMAJbHOE HAPSDKEHHE, IPH KOTOPOM  €Ile
COXpaHSIIOTCS yIpyrue cBoiicTBa Tena. Ha yuactke ab npedopmarus HenmHeiHas, HO
eme ynpyras (OOBIMHO OTOT YYacTOK OYEHb Malblii: Oy OO0JbIIe G, Ha JOIH
npouenta). Ilpu  HanpsbkeHusx, OOJbIIMX Oy, JAe(opManuss  CTAHOBHTCA
IUIACTUYECKOW: B TeJe TMOCIAe CHATHS HAarpy3kd HaOMIOZaeTcs OCTaTOYHAs
nedopmanust €, Ilpu HanpspkeHUsIX OT YUIMHEHUE HapacTaeT MpakTHYeCKu Oe3
YBEIUYCHUS HArpy3kd. OTO 00jacTh TeKydyectd Mmarepuaia (ydactok cd).
Marepuaiibl, i1 KOTOPBIX 00JIaCTh TEKYYECTH 3HAUUTENbHA, HA3bIBAIOTCS BA3KUMH,
JUI1 KOTOPBIX OHAa MPAKTHYCCKH OTCYTCTBYeT — Xpynkumu. Ha yyactke de
IIPOUCXOUT HEKOTOpoe yrnpoueHue oOpasua. Ilocie mocTHkeHHs: MakCHMalbHOTO
3HaYeHUS Oy — MpeJesa IPOYHOCTH — HANpPsHKEHHUE PEe3KO YMEHBIIaeTcs, U 00pasell

paspymaetcs (touka f Ha rpaduxke).

Gh
=4
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Orl c d E
Gv _________________ :b('/i E
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Pucynox 1.4 — 3aBUCHMOCTH HOPMAJILHOTO HAMPSKEHUSI G OT OTHOCUTEIHLHOTO
YIAJIMHEHHUS €

JnarpamMMa HanpspKeHUR U1l peasibHBIX TBEPIBIX TEN 3aBUCUT OT PA3JIMYHBIX
¢dakropoB. OHO U TO ke TBEPAOE TEIO MOXKET MPHU KPATKOBPEMEHHOM JICUCTBUH CHUIT
MIPOSBIIATH C€0s1 KaK XPYIIKOE, a MPHU JUTUTEIbHBIX BO3ICUCTBUSX SIBISITHCS TEKYUHUM.

PABOTA 1.2a OITPEAEJEHUE MOAYJIA IOHT'A
IO PACTA’KEHUIO ITPOBOJIOKHA

Ieab padoThl: HMCCIEIOBAHUE MAJIOTO YIPYTOro MPOJOJBHOTO PACTSKEHUS
MIPOBOJIOKU U ompeeneHrue Moayis FKOHra marepuana npoBOJIOKH.

Onucanne 1a0OPATOPHOIl YCTAHOBKH

17



i i L
3

=/

4
Ly

OG5

Pucynok 1.5 — Cxema 3kcniepuMeHTaIbHOM YCTaHOBKH

<

B sKcnepuMEHTAbHOM yCTaHOBKE, M300pakeHHOM Ha pucynke 1.95.
METaJUIMYECKasi MPOBOJIOKA 2 OAHUM KOHIIOM HEMOJBUKHO YKPEIUIEHAa B BEPXHEM
KpoHuITeiiHe 1 mpubopa. HrkHMIT KOHEN 3aKperuieH B orpase 3, B CEpeMHE KOTOPOM
MMEETCsl MaToBOE cTeky0. Ha cTekno HaHeceHa ropru30HTalbHAs YepTa. DTy 4epTy U
€e TMEepEeMEIICHUE paccCMaTpuBalOT B 3pUTENbHYIO TpyOy 4, KOTOpas HMeeT
BEPTUKAJIbHYIO Kay. HuKHUN KOHEl MPOBOJIOKU HArpy>KeH MOCTOSIHHBIM TPY30M 5
JUTSL HATSKEHUS! TPOBOJIOKH.

Meroauka onpeaejeHus MoayJs FOHra 1no pacrsieHuI0 NPpOBOJI0OKH

1.  OctopokHO M MeIJICHHO (HOKYCUpPYS 3pUTEIbHYIO TpyOy, H0OUTHCS
OTYETJIMBOTO N300paKEHUS TOPU3OHTATIBLHOM YepThI HA IIKAJIE.

2. 3Bamucare B Tabmuiy 1.2 4ucnmo geneHWil Ng, COOTBETCTBYIOIIEE
HaYyaJIbHOMY TOJIOKEHHUIO TOPU3OHTAIBHON YEPThI 0€3 HArpy3KH.

3. Harpy3uTs mpoBOJIOKY MOCIEA0BaTEILHO TPy30M BecoM B 1,96 H; 4,9 H;
9,8H u mpou3BECTH OTYETHI MOJOXKEHWA N TOPU3OHTAJIBHOM YEpPThl HA IIKaJE
COOTBETCTBEHHO.

4.  BpIYHCIUTH YIUIMHEHUE MPOBOJIOKH 1O (hopMyJie:

Al=K-(n-n,). (1.15)

rae K — nena geneHus mkaisl (K = 1,35%10° M).
5.  BBIYHCINTH IUIOIIA/Ib HOMEPEYHOTO CEUEHHUS ITPOBOJIOKHU 110 (hopmyie:

7-d?
4 (1.16)

rae d — quamerp npoBosioku (d=0,7mm).
6. IlpousBectu Borumcienne moxyns FOnra mis marpysok 1,96H; 4,9 H;
9,8H o paboueit hopmyre:

S =

c_PL
o S. A/l ! (1.17)
rae L — mmaa nposonoku (L=1,61 m).
Tabnuma 1.2 — Pe3ynbTaThl U3MEPEHUN U BHIYMCICHUM
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P,H | ng, nexr |n, nen. |A4¢, m S,M2 L,m |E,IIa | E,,[Ia | 4E,Ila | 0FE, %

cpr

1,96

4,9

9,8

7. Pe3ynbraTsl M3MEpEHH U BBIYMCICHHM 3anucaTth B Tabmuiy 1.2

8. BrruncauTh OTHOCHTENBHYIO MOTpenHOCTh 1o dopmyne (1.18). Jlmsa Bcex
TpeX HU3MEpPEHH OHa TOYTH OJIWHAKoBa. PexkoMmeHayeTcss OpaTh MOTPELIHOCTD,
COOTBETCTBYIOLIYIO IEPBOMY U3MEPEHNIO, KaK MaKCHMAJbHYIO.

AP A Az 4D 18
P L z D (1.18)

3HaueHus abcomoTHEIX morpemHocTei: AP = 0,005H, AL= 0,0005m, Az = 0,0005
(mpu 7t = 3,142), 4D =0,01-10° m

9. 3Hasg OTHOCHTEIBHYIO IIOTPEIIHOCTh, BBIYHCIHTh  aOCOJIIOTHYIO
MOTPEITHOCTb:

AE=E.,0E (1.19)
10. 3anucarh OKOHYATEIIbHBIA PE3YJIbTAT B BUIC:
E=(E., £ 4E) Ila, npu JE= ...%.

KoHTposibHbIEe BONPOCHI
Yro Takoe nedopmanus?
Kakas nedopmaiius Tena Ha3pIBaeTCs ynpyrom?
UTto Ha3bIBa€TCSd HOPMAJIBHBIM HANPSDKEHUEM MW B KAaKUX E€IUHHUIIAX OHO
u3mepserca B C1?
YT0 Takoe OTHOCUTENIBHOE YIIMHEHNE?
ChopmynupyiiTe 1 mosicHuTe 3akoH ['yka.
OO6bsacuute pusnyeckuii cMbica Moaynst FOHra.
OT 4ero 3aBUCHUT U B KaKUX €IMHULIAX U3MepsieTcss Mmoayib FOHra?
Kakas medopmarms Tena Ha3pIBaeTCs TIACTUUYCCKOM ?
. Kakwue Op1BaroT BUbI 1edopmarum?
10 JlaliTe onpenesieHue npeesia yupyrocTu.
11. N3noxute NOpsI0K BBHIMOIHEHUS Pa0OThI U 3alUIIUTE pabouyro hopmyiy.

wp e

©o~No O~
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PABOTA 1.26 OIIPEAEJIEHUE MO YJISAA FOHTA
MO PACTAKEHUIO ITPOBOJIOKHA

Lleab pa0doThl: HCCIEOOBAHUE MAJIOTO YIPYIOro IMPOJOIBHOTO PACTSKEHUS

IIPOBOJIOKU U ompeneneHne Monyis FOHra npoBoioku.

Onucanue J1a0OPaTOPHON YCTAHOBKH

Ha pucynke 1.6 mnpencraBieH BHEIIHUNW BHJ JIaDOpAaTOPHON YCTaHOBKHU.
Uccnenyemass mpoBOJOKa 3aKpeIUIeHa B CTOMKE JIEBOM OMOpPbI 2 CTaHUHBI |1,
IPOMYIIEHA YEpPEe3 OTBEPCTUE B IJIACTUHE C MHAMKATOPOM 6 M 3alleIIeHa 3a KPIOK
muHamomeTpa 12. Ckoba auHamomeTpa Lermsiercs 3a croiiky 13 kapetku 8.
MOJIOKEHUE KAPETKU 8 MOYKHO PETYJIMPOBAaTh MAXOBUKOM 14.

BHUMAHMUE. He nomyckaercss nepeHANpsHKEHWE MPOBOJIOKH, HWHAY€ B

ITPOBOJIOKC IMOABUTCA IINIACTHYCCKAA ne(bopMauI/m.

Pucynoxk 1.6 — Baeurnuii Bua SKCriepuMEHTaIbHONW YCTAHOBKH

Metoauka onpenejaeHuss Moayiasa FOHra no pactsizkeHu10 mpoBoJOKH

1.
2.

o &

Bpamas maxoBuk 14, HaTAHYTb ITPOBOJIOKY.

W3mepuTh mpakTHUECKyIo AMUHY TpoBosioku L (pucynok 1.6) mo mikane
CTaHUHBI.

[lo mkane MHIMKATOpAa OMPENENUTh HAuyalbHOE 3HAYEHHE JIMHEWHOTO
YIUIMHEHHUST TpoBoJokM ¢;. [lo mKase nauHaMoMeTpa ONpeneIuTh
HayaJlbHOE 3HAYEHUE CHJIbI HATSKEHUSI TPOBOJIOKHU ;.

BpamenueM MaxoBrka 14 yBenuuuTh CHITY HATSDKEHHSI IPOBOJIOKH.
OnpenenuTps 3Ha4E€HUE JTUMHEHHOTO YIJIMHEHUS POBOJIOKU {, U 3HAUCHHE
CUJIbI HaTsbKeHus F, mpoBojoku. M3mepenuss mpousBecTH 3 pasa Mpu
Pa3IMYHBIX HATSYKEHUSAX ITPOBOJIOKH.

OnpenenuTs IMHEHHOE YIUIMHEHUE MPOBOJIOKU 0 (opMyJie:

AC=C,—1{ (1.20)

. OnpenenuTh CHUITY HATSDKEHUSI IPOBOJIOKHU 10 (hopMyIIe:
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F=F,-F. (1.21)

8. Brrumcianth mIomanab CCUCHUA ITPOBOJIOKH

7rd?
S = (1.22)

rae d — auamerp IpOBOJIOKH.
9. Berunciuts Mmoaynb FOuHTa mo hopmyie:

= FL
Al (1.23)

10. Pe3ynbrarsl u3MepeHUi U BRIYUCICHUH 3aHeCTH B TabmuIry 1.3.

Tabnuna 1.3 — Pe3ynbrarsl n3MepeHu U BEIYUCICHUN

E, ECp’ AE,

0
Ila Ila Ila 0L, %

L, M fl, M 52, M Af, M Fl, H Fz, H F, H

11.0npenenuTh OTHOCUTEIBHYIO IOTPEIIHOCTD 10 (hopMyIie:

AF AL Aznr  _AD A(A0)
= +2 +

oE + +
F L T D AL

3Hauenus abcomoTHbIX norpemuocreit: 4F = 0,005H, 4L = 0,0005Mm,
A6=5-10"m, Az = 0,0005, 4D =10"m.

12. 3Hasi OTHOCHUTENBHYIO TOTPEIIHOCTh, BBIUUCIUTH AOCOIIOTHYIO
MOTPEITHOCTD:

AE=E,, E

13. TTo oxoHYaHWU pabOTHI MPOBOJIOKY OCTABUTH O€3 HATrPy3KH.
14. 3anucarb OKOHYATENIbHbBIN Pe3ybTaT B BUJIE:

E=(E., = 4E) Ila, npu 6E =..... %

KoHTposbHbIEe BONIPOCHI
1. Yo takoe nedopmarms?
2. Kakas nedopmaniust Tena Ha3bIBa€TCA yIPyroi?
3. Uro Ha3pIBacTCSd HOPMAJIbHBIM HANPSDKEHHMEM W B KaKWX EIUHUIAX OHO
u3mepsiercs B C1?
4. Yrto Takoe OTHOCUTEIbHOE yIJIMHEHUE?
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ChopmynupyiiTe u mosicHuTe 3akoH ['yka.

OOmbsicHuTe Pu3nveckuit cmpica Monyis FOura.

OT 4ero 3aBUCHUT U B KAKMX €IUHULAX U3MepsieTcss Moayiab FOHra?

Kakas nedopmarus Tena Ha3bIBaeTCs MIACTUYECKON?

. Kakue Op1BaroT BuaBI Achopmanmm?

10 JlaiiTe onpeneneHre npenena ynpyrocTH.

11. M3noxurte nopsAA0K BBHIOIHEHUS pabOThI U 3auIInTe padboure GopMyIIbl.

© o U

TEOPETHYECKOE BBEJIEHUE K PABOTE 1.3
[Ipu monroTtoBke K OTOH paboTe HEOOXOAUMO H3YYHTh TEOPETHUYCCKOE
BBe/IeHUE K padotam 1.2a u 1.26.

Pucynok 1.7 — ledhopmanus crepxHs

B pabGore wuccnenyercs nedopmainusi u3ruda CTEPKHSA C MNPSIMOYTOJIbHBIM
nornepeyHpiM cedeHrneM. CTepikeHb MMeeT JBe TOouku omopel B (puc.l.7), cuna

NPUKIALBIBACTCS B CEPEIMHE PAacCTOSHMS Mexay oropamu, passoro |. Ilox
neictBueM cwibl F crepkenp nporudaercs.  edopmamms usruba crepikHs,
JIeKAIIEero Ha JIByX OMNOpax, CBOAUTCS K KOMOWHAIMHU jaedopMaluii pacTsHKEHHS U
cxkarus. [Ipu u3rube crepxHs, ero Nporud NpornopLHOHANIEH NPUIIOKEHHON cuie F
€CIM TIPWJIOKEHHAs! Harpy3Ka HE MPEBBIIIACT Mpenesa MpomopiuoHaibHOCTU. [lpu
9TOM HWKHSISI CTOPOHA CTEP>KHS UCTIBITHIBACT AC(OPMAIINIO PACTSIKEHHUS, & BEPXHSIST —
CKaTus, a CPeIHssl 4acTh MpakTHuecku He nedopmmupyercs. [loaTomy KecTKOCTh
MOJIOTO CTEP KHS MOUYTH TaKas ke, KaK y CIUIOIIHOTO CTEPXKHS, a Macca 3HAYUTEIHHO
MEHBIIIEe. DTO CBOWCTBO IKCILTyaTHPYETCsl B TEXHUKE.

Hedopmanus nzrubda xapakrepusyercs crpenioit nporuda. Crpena nporuda A —
ATO paccTosiHue, Ha KoTtopoe omyckaetrcs Touka C (puc.l.7) mpunoxxenust cuisl F,
nercTByrole Ha crepxkeHb. CTpena mporuba 3aBUCUT OT MPUIIOKEHHOW cuiibl F,
pPacCTOSIHUSI MEXIy ornopamMu, (OpMbI TOMEPEYHOTO CEUEHHUS CTEPXKHS U MOIYJIS
FOnra marepuana cTepHs ¥ onpeaensercs mo Gopmyre:

_ Fr
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rie | — paccrosnue mexnay omopamu, b — mmpuHa crepxkHs, d — ToIIKMHA
CTpeXHsl (Harpys3ka JAECTBYeT mapajuielIbHO 3TOM CTOpOHE ceueHus), E — momayns
HOmnra.

Breipazum u3 ¢opmynsl (1.24) monyns FOHra uepe3 OTHOIIEHHE CTpEJbI
nporuba k Harpyske (A/F):

63
_4,(%)-b-d3' (1.25)

E

Otromenne (A/F) B (1.25) He 3aBUCUT OT BeJIMYUHBI HAarpy3ku. [lostomy Ha
MpaKkTHKe CHayala HaxomsaT cpexHee 3HaueHue (A/F),, W3 maATH pesynbraros
n3mepennit (A/F), cooTBETCTBYIOMUX IISITH pa3HbIM Harpy3kaM F. 3areM o cpemHemy
3HaueHuto (A/F)., ompenensror moxyns FOHTra:

€3
4(%:)cpbd3 (1.26)

E=

PABOTA 1.3 ONPEAEJIEHUE MOAYJIs IOHTA 11O TPOT'UBY CTEPKHSA

Leab padoTbl: H3y4YeHHUE YIPYrux aepopmanuii, onpeaenenue moayisa FOura
MeTaJljIa METOIOM U3rH0a CTEpPKHSL.

Onucanue yCTAaHOBKH

B skcnepuMeHTanpHOM yCTaHOBKE, MOKa3aHHOW Ha pucyHke 1.8, mpsmoii
TOPU30HTAIBHBIA CTEP)KEHb | MPSMOYTOJBHOIO CEYEHUS JIEKHUT Ha JBYX OIOpax 2 U
3. [locepenune cTepxHs yKpeIjieHa MeTaJuinueckas o0oiiMa 4, K KOTOpOoil Mo/iBe1eH
rpy3 5, BeI3BIBatONIUN mporud crepxkHsa. Ham oGoiiMoit 4 HaxoguTCsi BEPTHKAIBHO
pacnoJyiokeHHbI MukpomeTp 6. Kacasich oCTpreM MHKpOMETpa MOBEPXHOCTH
000iMBI 4, TIO IIKajle MUKPOMETpAa CHUMAIOT OTCYET, COOTBETCTBYIOIIMHA MPOTUOY
CTEpKHSA NPU JAHHOM Harpy3ske. MOMEHT KacaHus OIIPENENseTCs II0 BCIBIIIKE
ANEKTPUYECKOM JIaMIIbI 7.

Pucynok 1.8 — Buj skciepuMeHTaIbHON yCTaHOBKHU
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BHUMAHME. IIpu pabore C YCTaHOBKOW MPUXOAMUTCS HMETh €0 C
rpy3aMu. bynbre BHUMATENbHBI U CIICAUTE, YTOOBI TPY3hI HE yIAIHM HA HOTH, HA PYKH
Y HE MPUYUHUIIN TPABMBI.

MukpomeTp TIpeacTaBIseT cOO0H TOYHBIA TPUOOP, TPEOYIOMUNA OCTOPOKHOTO
oOpamenus. He momyckaiiTe pe3kux TOTYKOB U yAapOB 3TOTO Mprdopa.

6.

7.
8.

MeTtoauka onpenejaenuss MoavJiasa FOHra mo nporudy crepkas

. [Ipou3BecTn OTCYET MO MHKPOMETPY B OTCYTCTBHE HArpy3ku Ng

(HauaJbHBINA OTCYET).

. I[ocnenoBarenbHO yBeau4uuBaTh Harpy3ky ot 4,9 H no 24,5 H, npuGasmss

no 4,9 H, npousBecTd COOTBETCTBYIOIIME OTCUETHI IO MUKPOMETPY N.
[TomyuuB oTcueT npu mpeneinbHOU Harpyske (24,5 H), yMmensiiars ee g0
HyJIs B OOpaTHOM TMopsijakKe (pasrpyXkarb), BHOBb JieJlas OTCYETHI IIO
MUKpPOMETpY N.

Haiitu cpennee apudmeTnueckoe MExXay MOKa3aHUSIMU MHUKPOMETpa MpH
Harpy3Ke U pasrpy3Ke CTepKHs JUIsl KaK10ro 3HaueHus F.

Paccunrars nnuHy nporuda CTpexHs 715 KaX0ro rpy3a mno ¢popmyie:

ﬂ’znOCp _ncp (127)

Borunciuts (A/F) nna xaxnoro rpysa. Beramenuts (A/F)., kak cpennee
apudmernueckoe (A/F).

M3MepuTh MITAaHTEHIIMPKYIIEM IMUPUHY D cTepkHs U ero Beicoty d. JlnmHa
crpexHs | ykazana Ha paboyem mecTe.

Paccuurars Moayns FOnra no dpopmyne (1.26).

Pe3ynbraTsl M3MEpEeHUid U BBIYUCIICHUN 3anucarh B Tabauiy 1.4.

Tabnuna 1.4 — Pe3ynbrarsl n3MepeHu U BHIYUCIICHUN

F, H

OtcueTsl, MM
Am

b

Harp.pasrp. Cpex.

A yl 4 4
GR) | GRd | A0 | AT | o o
m/H m/H m/H M/H

0

4,9

9,8

14,7

19,6

24,5

9.

BBIUHCIUTE OTHOCUTEIIBHYIO TIOTPEITHOCTh U3MEPEHHUH 1Mo popmyrie:
(AR,
O = 2%: r A0 gl g4
( %: ), b od

3HadeHust aGCOMOTHBIX morpernHocteii: Ab = Ad = 5-10°m; A1 =5-10"m.
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10. 3Has OTHOCHUTENBHYIO TMOTPENTHOCTh, BBIYUCIUTH  AOCOJIOTHYIO
MOTPENTHOCTH TI0 hopmyre:
AE= E-0E

11. 3anucarb OKOHYATEJIbHBIA PE3YJIBTAT B BUJIE:
E=(E £ 4E) I1a, npu 6E= %.

KoHTposibHBIE BONIPOCHI

=

UYro Takoe nedopmarus?

Kakas nedopmarius tena Ha3bIBa€TCS yIPyTroi?

Uto Ha3bIBaeTCsl HOpPMAaJbHBIM HAMNpsOKEHWEM, U B KaKUX €IUHUIAX OHO
m3mepsierca B C1?

YTO Takoe OTHOCUTENBHOE YIJIMHEHUE?

ChopmynupyiiTe u nosicHute 3akoH ['yka.

OObsicautTe Pusznueckuit cmbics Moaysst FOHra.

OT 4ero 3aBUCHT U B KAKMX €IMHUIIAX U3MepsieTca Moaysib FOHra?

Kakas neopmanus tena Ha3pIBa€TCS IIACTUYECKOMN?

. Kakue ObiBaroT BUbI nedopmaruu?

10 JlaliTe onpenesieHue npeiesia yupyrocTH.

11. Yto Takoe cTpena rnporuda 1 OT 4Yero OHa 3aBUCUT?

12. V3znoxxute mopsI0K BBHIIOJIHEHUS pa0OThI U 3aTUIIUTE padoune GOpMyIIbI.

w N

©oNo Ok~

TEOPETUYECKOE BBEJIEHUE K PABOTE 1.4
HMMmynbcoM MarepuaabHOM TOYKM HA3bIBAETCS BEKTOPHAs BEJIIMYKMHA, DPaBHAs

IPOM3BEIEHHMIO MACCHI MaTEPUAIBHOM TOYKH Ha €€ cKopocTh, P=m-V
NMITynbCcoM CUCTEMBI TeJl Ha3bIBAETCSI BEKTOPHAsI CyMMa MMITYJIbCOB BCEX TET,

BXOJISIIIIUX B CUCTEMY: P= z m; -V,.
i=1

3aMKHYTOM CHUCTEMOM TEJ HA3bIBAETCS Takas CHUCTEMa, Ha KOTOPYIO HE JeHC-
TBYIOT BHEIIHME CHWJIbI UJIM BEKTOPHASI CyMMa BCEX BHEIIHUX CHII, ICHCTBYIOIIUX HA
HEE, paBHAa HYIIO. B 3aMKHYTONl CHCTEME TE€JI BBIMOJHIETCS 3aKOH COXPaHEHUS
MMIYJbCa: UMIYJIbC 3aMKHYTOW CUCTEMBI TEII SIBISICTCS BEJIMYMHOW MOCTOSITHHOM

ﬁ; m, -V, =const oomy SF=0

VYnapoMm Ha3blBaeTCd KpPAaTKOBPEMEHHOE B3aMMOJACHCTBUE JBYX Te€l, B
pe3yapTare KOTOpOro 3a OECKOHEYHO Majblii MPOMEKYTOK BPEMEHHU MPOUCXOAMT
KOHEYHOE WM3MEHEHWE UMITYJbCa. YAap Ha3bIBA€TCS IIEHTPAJIBbHBIM, €CIIM CKOPOCTH
COYIAPSIOLIUXCS TEJ A0 yAapa HalpaBJIeHbI 0 JIUHUN, COCUHSIONIEN LIEHTPBI TE.

[Ipu ynape B3auMOAEMCTBUE UIMTCS OYEHb KOPOTKHM MPOMEKYTOK BPEMEHH
At—0 y  BosHMkalOT  OoNblIME  BHYTPEHHME  CHJIBl  B3aUMOJCHCTBHSA

At , TaK 4YTO BHEIIHMMH CHJIAMU MOXXHO MpEHEOpeYb U CHUCTEMY
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COYIApSIONIMXCS TeJl CUMTaTh 3aMKHYTOM. CleqoBaTenbHO, IIPU yAape BBIOIHAETCS
3aKOH COXPAHEHUS UMITYJIbCA.

B 3aBucMMOCTH OT YNpPyIruxX CBOMCTB B3aMMOJEUCTBYIOIIMX TEN COYIApPEHHUS
MOTYT MPOTEKaTh BEChbMA Pa3inU4HO. I[IpUHATO BBIIENATH JBAa KpPaWHUX CIIydas:
a0COJTIOTHO YIIPYTHH ¥ aOCOMIOTHO HEYIPYTHIA YIapHl.

AOCOJIIOTHO YIIPYTMM Ha3bIBA€TCs yaap, MPpU KOTOPOM IOCIIE€ B3aUMOACHCTBUS
TeJla TIOTHOCTHI0 BOCCTAHABIMBAIOT CBOIO dopMmy. Takwx ymapoB B MPUPOAC HE
CYIIECTBYET, TaK KaK BCErja 4YacTh SHEPTrUU 3aTpauyrBacTCsi Ha HEOOpaTHMYIO
neopmanuro ten. OgHako IS HEKOTOPBIX TeJ, HalpuMep, CTaJbHBIX IIApOB,
MOTEPSIMU MEXaHUUYECKOU SHEPTUU MPU CTOIKHOBEHUH MOKHO TIPEHEOpEUYb U CUUTATh
yaap abcomtoTHO ynpyruM. [lpu aOGCcoMOTHO ympyroMm yaape, KpoMe HMITYIbCa,
COXPAHSIETCS U TOJTHAA MEXaHUYECKasi YHEPTUSL.

[ToTHOM MEXaHWYECKOW DSHEPrMeu Ha3bIBAETCS CyMMa KHUHETHUYECKOU WU
MOTEHIIMAIbHOW SHepruil. KuHeTtnueckas sHEpPrusi — 3TO SHEPTUS ABUKECHHUSA, OHA
BBIYHCIISIETCS TI0 (popmyie:

E =——— (1.28)

[loTeHnnanbHas YHEPTHUS — ATO dHEPrus B3aumoaeucTeus. [Ipn pazHbIX THIIAX
B3aMMOAEHCTBUS (OpPMYNbl ISl BBIYUCICHHUS MOTEHLMAJIbHOW 3HEPIUU pasHble. B
10JI€ TSYKECTU 3€MJIM MOTEHIMANIbHAS YHEPT Ul BBIYHUCIIAETCS 10 (hopMyIIe:

E, =m-g-h (1.29)

I

B 3aMKHYyTOM MEXaHMYECKOW CHCTEME, B KOTOPOM JIEMCTBYIOT TOJIBKO
KOHCEPBAaTUBHBIE CUJIbI, TOJTHASI MEXaHWYECKAs SHEPTUSI COXPAHSICTCH:

E.+ E, = const (1.30)

B ciyuae meHTpanbHOTO abCOJIIOTHO YIPYToro yaapa JABYX IIapoB C MacCaMu

my, M, u ckopoctsamu V;,V, 1o yaapa u U,,U, mocie yaapa MOXHO 3alicaTh 3aKOHBI
COXpaHEHHsI UMITYJIbCA U MEXAaHWYECKON DHEPTUH

m1'91+m2'\72:m1'01+m2'02, (1.31)
2 2 2
m,-v m,-v m,+m,)-u
1 1 + 2 2 :( 1 2) (132)
2 2 2

Jnsg  SKCHEpMMEHTaJbHOM  IMPOBEPKH 3aKOHA  COXPAHEHUs  HUMITYJbCa
HEO00XOIUMO OMPENEIUTh CKOPOCTH IIAPOB 10 yAapa W CKOPOCTH IIApOB MOCIE HX
coymapenusa. Ha ycraHoBke mpaBblid miap ¢ macco M; OTBOIAT OT IOJOXKEHUS
paBHOBecusi Ha yroil & (puc. 1.9) u ormyckatot. Mcmonbs3yem 3aKOH COXpaHECHHS
DHEPIUU AJIsI ONPEAENEHUS CKOPOCTH IEPBOTO 111apa:
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m-g-h=——— (1.33)
Bricoty h MoxxHO BBIpa3uTh depe3 yroi oTkiaoHeHus O :

h=1-I-cosa,=1I-(1-cos ao):2.|.sin2(%)

Pucynok 1.9 — Cxema ympyroro yaapa Imapos

[Toxncramisas monydeHHoe BbIpaxkeHue i h B ypaBHenwe (1.33), Haiimem
CKOpPOCTb IIEPBOTO Iapa 10 yaapa:

. o
Vl=2-«/g-|8|n7° (1.34)

JleBwIii map mMaccoit M, BUCUT HEMOABMXHO (Vo = (), ero HayaabHBIA UMITYJIBC
paBEeH HYIIO. 3aKOH COXPAHEHHMsI UMITyJIbca B MPOEKIMU HA OChb X B 3TOM CIy4dae
OyZieT UMETh BU/I;

m,-v,=m, U +m,-u,. (1.35)

Benuuuny ckopoctu mapos U,,U, mocie yaapa HaifieM MO yriiaM OTCKOKa
MPABOTO @ U JIEBOTO @ IIAPOB:

u1=2-4/g-lsin% u2=2-«/g-l-sin% (1.36)

[ToacraBuB BeIpakeHus ajasi ckopocteit (1.34) u (1.36) B 3akOH COXpaHCHUS
ummyinbca (1.35), nomyunm BeipakeHue:

. &y ] &
ml'S|n7=m1'S|n?+m2°S|n7 (137)

[TonyuuMm BeIpakeHHE ISl KHHETUYECKOW SHEPruu nepBoro mapa Ey 1o ynapa
U KUHETUYECKUX DSHEepruid AByX mapoB E’y um E’y, mocne ymapa, moactaBuB B
dopmyny (1.28) Beipaxkenus (1.34) u (1.36)
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2
ml(z\/a-sin 0;0)

E,= 5 :2mlglsin2%
2
.
m{z\/a-sm 21] N (1.38)
E'\\= 5 :2mlglsin271
2
m2(2\/a-sin O;ZJ y
E',= 5 :2nglsin2?2

PABOTA 1.4 U3YYEHUE YIIPYT'OI'O YIAPA IIAPOB

Ileab padoThl: >KCIEPUMEHTANIbHAS MPOBEPKA 3aKOHA COXPAHEHHUS UMITYJIbCa
IIpU yIPYTrOM yaape.

Onucanne yCTAaHOBKH

Buemmnmii Bu ycraHoBKH nipeacTaBieH Ha pucynke 1.10. YcranoBka cocrout
u3 nByx mapoB 1 u 2 (pucyHok 1.10), momBemieHHBIX Ha HEPACTSHKUMBIX  HUTIX
JTIHOM |,

OneKTpoMarHuT 3 mpenHa3sHaueH Mg (PUKCAMU OTKJIOHEHHOTO MOJIOXKEHUS
npaBoro mapa. OTKIOHEHHE HIapOB OT MOJOKEHHUSI PABHOBECHSI OTCUUTHIBAETCS 10
mkange 4. DNEeKTPOHHBIM OJIOK 5 BKIIIOYAET M BBIKIIOYAET MAarHuT. B ycTaHOBKe
HCITOJIB3YIOTCSI METAJUINYECKHUE IIAPBI U3 ATFOMUHUS, JTATyHU U CTAJIN.
© ©

] B e

Pucynok 1.10 — BHemHuii BUT yCTAaHOBKH TSl H3yYEHUS yaapa Mapos

MeToanka u3yuyeHus YIpyroro yiapa imapoB
1. BcraButh mapsi 1 u 2 B ckoOBI TIOIBECA.
2. Haxarp xHonky «CeTb» cekyHaomepa. [Ipu 5TOM MOKHBI BKITFOUUTHCS
Ta0JIO UHANKAIIMNA U DJICKTPOMATHUT.
3. OTBecTH MpaBblii AP HA YTOI ¢, PABHBIN TPUMEPHO 14°, u 3aduKcupoBath
€ro C MOMOIIBIO AJIEKTPOMArHuTa.
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4,  Haxare kHOmKy «Crapt». Ilpm sTOM mnpowumsoiner ymap mapos. [lpu
MTOMOILM IIKaJIbl 4 BU3yaJIbHO ONPEAEIUTh YITIbI OTCKOKA O3 U 0.

5. Pesynprarsl u3MepeHuil 3aHecTy B Tadbauny 1.5.
Ta6nuna 1.5 — PesynbraTsl n3MepeHHii U BEIUUCICHUN

U, | U,» | Ba | B | Ele E,

|
, M 0o 01 0, |V, Mmc e e e | o T Tk

6. Haiitu ckopocTth mepBoro iapa a0 yaapa Vi mo dopmyie (1.34).

7. Haiitu ckopoctu o6oux mapoB U; u U, mocie cTonkHOBeHHS 1O (hopMyiiam
(1.36).

8. IIpoBepHTh BBITIOTHEHHUE 3aKOHA COXpaHeHus umimyibea (1.37).

9. Beraucnuts 1o popmynam (1.38) kuHETHUESCKHE SHEPTHH IAPOB 10 yAapa
MOCJIE yIapoB.

10. Ompenenuthb moTepro 3ueprur W IIpy 4aCTUYHO YIIPYTOM COYIapCHHH:

W=E,-E\\—E', (1.39)

11. OTHOCUTENBHYIO TMOTPEIIHOCTh OMNPENCICHUS KUHETHYECKUX HHEPrui
paccuutars 1o ¢popmysie:

Am Ag Al
=—+ 29 +—+2
m g |
12. BerauciauTh aOCONIOTHYIO MOTPEITHOCTS:

AE, =E, - E,

SE,

a
ctg E‘ ‘Aa (1.40)

13. 3anmcarb OKOHUYATENBHBIA PE3yAbTAT ISl TPEX 3HAYCHUH KHUHETUYECKOU
DHEPI'uM B BUJIE:

Ek Z(Ek)cp iAEk’ npu 5Ek :...%

Tabnuia 1.6 — Maccer mapos

[lap Macca, T
CranbHOM 106
JlaTyHHBIH 120
JlaTyHHBII CO BCTaBKOM 118
AIIOMUHHUEBBIN 39,5
ATIOMHHHEBBIA CO BCTaBKOM 43

KonTposbHbIe BONIPOCHI
1. Yrto Ha3bIBAETCS UMITYIBCOM?
2. UYrto Ha3bIBaeTCS 3aMKHYTOW MEXaHUYECKOW CUCTEMOM?
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Jlath onpeneneHrne KUHETUUECKON YHEPTUH.

Jlatb onpenenenre NOTeHIMaIbHONW SHEPTUH.

Hanucatp 3aK0H COXpaHEHHs] UMITYJIbCA.

CdopmynupoBaTh 3aKOH COXPAHEHUSI MEXaHUYECKON IHEPTHH.
UTto Ha3bIBaeTCA y1apom?

Kaxoit ynap Ha3bpIBaeTCs LIEHTPAIbHBIM?

. Kakoii ynap Ha3piBaetcst aOCOMIOTHO ynpyrum?

10 Kak onpeaenuts CKOpOCTh 11apa 1o yriy oTcKoka?

©ONDOA W

TEOPETHYECKOE BBEJIEHUE K PABOTAM 1.5a 11 1.50
BpamarensHbiM  IBH)KEHHEM  aOCOJIIOTHO  TBEPHOTrO Tejda  Ha3bIBaeTCsA
IBIKEHHE, IIPU KOTOPOM BCE €ro MarepuajbHbIE TOYKU OIUCHIBAIOT OKPYKHOCTH,
LEHTPBI KOTOPBIX JIEKAT HA OAHOU MPSMON, HA3bIBAEMOU OChIO BPAILICHMUS.
OCHOBHOE ypaBHEHHME AUHAMUKH JUI TBEPAOrO TEJa, BPALIAOLIErocs BOKPYT
HETIOABWKHOU OCH, UMEET BUL:

M=J-&, (1.41)

rne M — MOMEHT CUJIbL, IECTBYIOIIECH Ha TEJIO; & — YINIOBOE YCKOPCHHUE;

J — MOMEHT MHEpPLMH TeJla OTHOCUTEIBLHO OCH BPaLICHUSI.

N3 dopmynsr (1.10) crnemyer, 4Tto yInoBOe YCKOpEHHE COOOIIaeMoe Tey
BpallalolMM MOMEHTOM 3aBHCHT OT MOMEHTa MHEPLUHHU TeJla: 4eM OOJbIIe MOMEHT
WHEpIUU, TEM MEHbIIE YIIOBOE YCKOPEHHE, U HA000pOT. MrHOBEHHOE YIJIOBOE
YCKOPEHHE PaBHO MEPBOM MPOU3BOJAHON MO BPEMEHU OT YIIIOBOM CKOPOCTH:

- do
“Tar
JIuHeitHOE U YIII0BOE YCKOPEHHUS CBSI3aHbI COOTHOIIIEHUEM: d — eR,

rae R —paauyc okpy)HOCTH.

MoOMEHT  WHEepUMH  SABIAETCS  OCHOBHOM  (DPU3MYECKOM  BEJIMYMHOM,
XapaKTEPU3YIOIIEW WHEPTHbIE CBOMCTBA TBEPAOIrO Teja IIPU BpaIAaTEIbHOM
JIBWKEHUH, TOJOOHO TOMY, KaK Macca XapakTepH3yeT MHEPTHbIE CBOWCTBA Teja MpH
MOCTYIIATEIbHOM JBHKEHUU. MOMEHT MHEPLIMU MaTE€pUAIbHOM TOYKU OTHOCUTEIIBHO
OCH paBEH INPOMU3BEACHUIO MAacChl M TOYKM HA KBaJpaT PACCTOAHMS I OT TOYKH 10
OCH BpAILCHHUS:

J=mr? (1.42)

2
MoMEHT nHEpUUU U3MEPSETCS B KI'M".
MoMeHT wuHepuMM TBEPAOTO TEJla PAaBEH CyMME€ MOMEHTOB HHEPLMHU
MaTepHUaJbHbIX TOYEK, U3 KOTOPBIX COCTOUT 3TO TEJIO:

JZELZEMﬁZ (1.43)
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B omimumume ot MacCCbl, MOMCHT MHHCPpHOHH JaHHOI'0 TC€JIa MOXET HUMCTbh

OeCKOHEYHOE MHOKECTBO 3HAUEHUH B COOTBETCTBHH C MHOKECTBOM OCEM BpaliCHH:L.

Ecnmu miioTHOCTH Tema BO BceM 0OBeMe IMOCTOSIHHA, T.€. TEJO OJHOPOIHO, U

€CJIM TEJI0 UMEET MPABUIBHYIO T€OMETPUUECKYI0 (POpPMY, TO BHIUKCICHHE MOMEHTOB
WHEPIUU OTHOCUTENBHO MIABHBIX OCEH (ITPOXOASIIMX 4Yepe3 LEHTP MaccC) MOXKHO
OCYLIECTBUTH MPU MTOMOILIY UHTETPUPOBAHUS.

[TpuBenem Qopmynbl mjis pacueTa MOMEHTAa HWHEPUHMH OAHOPOAHBIX Tell

IrCOMCTPHYCCKHU HpaBHHBHOﬁ (1)OpMI>I OTHOCHUTCJIIBHO OCHU CUMMCTPHUH.

1. MOMEHT MHEPIIUH TOHKOI'O CTePKHS JTHHOM

1
J, =—-m-l?
2
2. MOMEHT UHEPIINH JUCKA!
1 2
J I = E . m . R
3. MomeHT nHepuuH mapa:
2
\] I - g -m- R2

4. MOMGHT HHepHI/II/I TOJICTOCTCHHOI'O KOJIbLIa paI[I/chaMI/I Rl U Rg:
1
3. :E-m-(Rf +R?)

5. MoMeHT nHepIui TOHKOCTEHHOTO KoJibIla (00pyua):

J,;,=m-R?

Ecau u3BecTeH MOMEHT HHCPIHH TCJIa OTHOCUTCIBHO JIaBHOM OCH, TO MOXKHO

J = Jc+ ma?,

OTPEIEIUTh MOMEHT WHEPIIMH OTHOCUTEJIBHO 00O Npyrod OcH, mapajjiebHOU
naHHou, no teopeme lllTelinepa:

(1.44)

r1ae Jc — MOMEHT MHEPUUH OTHOCUTENIbHO ocu OO, MPOXOAIeH uepe3 HEHTP

macc C; m — macca BCero Tena.
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Pucynok 1.11 — Mmoctpauusa teopemsl LlITeiinepa
O'O' — mpousBoNbHAsA OCbh, OTHOCHUTEIHHO KOTOPOW BBIUMCIISIETCS MOMEHT
MHEpLUH; a — paccrosinue mexay ocamu OO u O'O'.

MoMeHTOM CHIIBI OTHOCHUTEIIBHO HETIOABMYKHON OCH HA3bIBACTCS ITPOU3BEICHUE
cwibl F Ha uieyo £:

M=F-¢ (1.45)

[Inedom ¢ cwiibl Has3pIBaeTCs KpaTdauilee pacCTOSHUE OT OCH IO JIMHUHU
JNEUCTBUA CUIIbl. MOMEHT CuiIbl u3mepsieTcss B H-M.

MOMEHT HMITyJIbCa OTHOCHUTEIBHO HEMOABMKHOM OCH BpalllCHUS KaxKI0H
TOYKH TeJla PaBeH:

L; = mvr;, (1.46)

rae i — pagnyc OKPYKHOCTH, OIMCBIBAEMOW Ka)KIOM TOUKOW Tena; Vi — ee
JINHEWHAsA CKOPOCTh
Vi= T,
I7Ie o — yII0Bas CKOPOCTh BpAIEHUs TeNa.
MoMEHT uMnynabca TBEPAOTO TeJla OTHOCUTEIBHO OCH €CTh CyMMa MOMEHTOB
MMIYJbCa OTJICJIbHBIX YACTHIL:

L:Zn:mivirr :Zn:miriza): Jw (1.47)
i=1 i=1

OCHOBHOE ypaBHCHHE JMHAMHUKH BPAIIATEIBHOTO ABMKCHHS C YUCTOM
(1.47) MOoxHO 3amucarh B BUJIE:

L dL
iy (1.48)

DKCHEepUMEHTAIBHBINA CIIOCO0 ONpEAeNIeHUs] MOMEHTOB MHEPLUU TEJT OCHOBAH
Ha HaOIIOAEHUM KPYTHIBHBIX KOJIe0aHUI UCCIEAYEMOTO Tea.

32



VYpaBHeHUE BpalaTeabHOTO JIBMXKEHUS Teja BOKPYT OCH, MPOXOHsIlel depe3
TOUKY MOJ[BECa, UMEET BUI:

d?a

M =]
dt®

(1.49)

IJ€ o — yroj MoBOpOTa Tejla BOKPYT BEPTHKAIBHOU ocH; M — MOMEHT ynpyroi
CUJIbl OTHOCUTEIILHO TOM K€ OCH, JEHCTBYIOIIEH CO CTOPOHBI 3aKPYyUYEHHOT'O Ha yToJl

0. TOPCUOHA; J — MOMEHT MHEpIIMHU TeJa.
[Tpu manbeix nedopmarusx 3TOT MOMEHT MTPOTIOPITHOHANICH Je(hOpMAaIIHH:

M =—ke, (1.50)

rie K — kosppuimeHT KeCTKOCTH PH KPYUCHUU.
VYpasuenue (1.49) ¢ yuerom (1.50) npumer Bua:

d’a
—ka=1J
qt2 (1.51)
d*a + K a=0
wan 73 (152)
B o6miem Buze ypaBuenue (1.52) MokHO 3amucarh:
‘a
prE w;a =0 (1.53)
, Kk
e @, = 7 - COOCTBEHHAsI KpyroBasi 4acTOTa TapMOHHUYECKHX KOJCOAHMIA.

Pemennem ypaBuenus (1.53) sBusercs ¢yHKIHs, OMMUCHIBAIOIIAs HE3aTyXaroIIne
rapMOHUYECKHUE KOJIeOaHNS:

a = a, Cos(w,t +¢,), (1.54)

IJIe 0, — Yrojl IOBOPOTa TeJla B MOMEHT BpeMeHHU {; ap — aMIuuTyaa KoJieOaHmii;
(w,t + @, )— dbasa xonedanwmit; @, — HadambHas (hasa.
[Tepuon konebaHult Tena onpeaenseTcs Kak:

2r J
T=—=2r.|— (1.55)
@, k
Ileab paGoThl: OTIpEICTICHHE MOMEHTAa WHEPIMH KOJIbIIa METOJO0M

KPYTUJIBHBIX KOJIEOaHMI.

Onucanue yCTAaHOBKH
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B cocTaB skcnepuMeHTalbHONM yCTAaHOBKHM, M300pakeHHOM Ha pucyHke 1.12,
BXOAST JHCK C KOJIBIIOM, IOJABEIICHHBIE K KOHILY YIPYTrOd MPOBOJIOKH, BEPXHHIMA
KOHEI[ KOTOPOW >KECTKO 3akperui¢H. B mepBoil wacTu paboOThl mM3MepseTcs TEPHOJ
KPYTWJIBHBIX KoNeOaHuii ogHoro  jaucka (6e3 komeia). IIpu moBopore mucka Ha
HEOONBIION yroJ, B IPOBOJIOKE BO3HMKAET BPAIIAIOIIANA MOMEHT, CTPEMSILIHAKCS
BEPHYTh CHCTEMYy IIPOBOJIOKA—IMCK B TMEpBOHa4YalbHOE cocTosiHHe. [lpu sToM
MPOBOJIOKA M JAMCK HAa4HYT COBEpIIATh KPYTWUIIbHBIC KOJEOAHUS, MEPHOA KOTOPBIX
Oymer ompenensaTbess 1o ¢opmyne (1.55), rne J — MOMEHT HHEpPUMHM JIHCKa
OTHOCHUTEJIbHO BEPTHKAJIBLHOW OCH, TPOXOISIICH uepe3 ero IMeHTp Macc, K —
KO3(P(PUIUEHT KECTKOCTH TpHU KPYUCHUH, 3aBHUCSIIMK OT YNpPyrux CBOMNCTB
Marepuala U TeOMETPUUECKUX MapaMeTPOB MPOBOJIOKH.

Pucynoxk 1.12 — Brerawmii BuJ 1a00paTOPHON YCTaHOBKU

Ecnu Ha JUCK MOJOXKUTH TOJICTOE KOJBLO C MOMEHTOM HHEPUUHU J,, TO IEPHOA
KOJIEOAHUM CUCTEMBI OTHOCUTENIBHO TOW K€ OCH BpAILIEHUs OyJIET paBeH:

J+J,

T,=2n ,
k

(1.56)

rae J. — MOMEHT HMHEpIHMHU KOJIbILIA.
Bo3ssenst pasencta (1.55) u (1.56) B kBazmpar u momenuB MEpBOE Ha BTOPOE,
MOJIy4rM pabouyro GopMyIly AJis ONpeIeJICHUsI MOMEHTa

HMHCPIHMH KOJbIIA.

T 2
JK.SKC}’Z. = J ) (?1) _1 (1.57)

MowmeHT uHepiuu aucka J onpenensercs mo Gopmyie:

1
J=3-m-R%, (1.58)

riae m— macca aucka = 3,55 kr; R — paguyc aucka = 0,141,

MeTtoauka onpejejeHusi MOMEHTA HHEPIUH KOJIbLA
1. TloBepHyTh nuck Ha HeOombmoi yroma (8° — 10°), crapasice HEe HApyHIIUTH
TOPU30HTAIBHOTO W BEPTHKAIBHOTO ITOJIOKCHHSI JTMCKA, W OTIYCTUTH ero. Jluck
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Ha4HET coBepIIaTh KpyTHiIbHBIE KojeOanus. [Iponyctuts 3 — 5 koneGanuii u, Koraa
IUCK OyeT HaXOIUTHCS B OJHOM M3 KpalHUX MOJOKEHUU, BKIIOUYUTH CEKYHIOMED,
OTCUMTATh 33aJaHHOE IPEroaBarejeM KOJIMYECTBO TONHBIX KoyiebaHui aucka (N) ,
BBIKJIFOYUTH CEKYHJIOMED U 3amucaTth BpeMsi konebanuii (t).

2. [ToBTOpUTH PKCIIEPUMEHT HE MEHEe TPEX pas.

3. Beraucnuts nepuon kosiebaHuii Aucka mo Gpopmysie:

T=- (1.59)

4. CHATH C KPOHIITEHHA KOJBIIO M YCTAHOBUTH €T0 HAa TUCK TakK, YTOOBI OCH
KOJIbIla W JWcKa coBmainu. [IpomsBectn m3mepenue (i) BpeMeHHW IS 3aJIaHHOTO
npenonasatesnieM (N;) konmuectBa kojeOanuit. Ilo ¢opmyne (1.59) Beumcanuth
nepuos Kojaebanui Ty AMCKa ¢ KOJTBIIOM.

5. DKcnepuMeHTalIbHbIC JaHHbIC 3aHECTH B Tabmuity 1.7
Tabnuma 1.7 — Pe3ynbrarsl M3MEepEeHUN U BEIYUCIICHUN

No n t,c Ti,c AT nq tl, C Tli,C AT,
1
2
3
Cpennue | — — —
3HAYCHUA
AT=|T, - Tj

6. Ilo popmynam (1.58) u (1.57) ompenenuTh MOMEHTHI MHEPIUU AKWCKA H
KOJIbIIa COOTBETCTBEHHO. 3HAUYEHHUSI MAaCChI M pajiuyca IMCKa YKa3aHbl HA YCTAaHOBKE.
7. Omnpenenuth TEOPETUYECKOE 3HAYCHHE MOMEHTA WHEPIHMH KOJbIA II0
bopmyre:
— 2 2
‘]K.meop =7 M (Rl +R2 )1 (160)

rme M, —macca koibla = 4,55 xr; Ry 1 R, — BHEIIHMI 1 BHYTPEHHUM paJInyChl
KoJbIla, mpuHUMaeM Ry = 0,11 m u R,=0,135 m

8. 3Has TeopeTHYeCKOe M IKCIECPUMEHTAIBHOEC 3HAYCHHS MOMEHTOB WHEPIIUH
KOJIBIIA, OTIPEJETUTh OTHOCUTEIBHYIO IMMOTPEITHOCTH 110 hopMyIie:

‘]K.axcn. B ‘Jx.meop 0
53, = .100% (1.61)

K

K.meop

9. BBIUUCINTE OTHOCUTEIBHYIO TIOTPEITHOCTD SKCIICPUMEHTAIBHOTO 3HAYCHUS
o dopmye:
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2-AT_~ 2-(T, AT, +T -AT. .
5\]K3 _ cp + ( lep . lep . P CP) + Am + 2-AR (162)
Tcp Tlcp _Tcp md R()

rae Am = 0,005; AR=0,0005

10.CpaBHuUTH pe3yabTaThl HOTPEHUIHOCTEH, TTONTyYeHHbIe 1o dhopmynam (1.61) u
(1.62).

11. BeraucianTs abCOIOTHYIO MOTPEIIHOCTH IO (JOpMYIIE:

Ad= I, cp’ 0J, oKCN.
12. 3anucaTh OKOHYATENbHBIN PE3yIbTaT B BHIE:
_ 2 B
JK.akcn._(JK oKCn.cp * AJ}() Kewm , npu o= ...%

KoHnTposibHbIE BOPOCHI
1. Yto Ha3bpIBa€TCSI MOMEHTOM MHEPLIMHA MaTEPUAIBHON TOUKU?
2. YTo Ha3bIBAETCSI MOMEHTOM MHEPLMU TBEPAOTO Tena?
3. B xakux equHMIIaAX U3MEPAETCS MOMEHT UHEPIUH?
4. Ot 4yero 3aBUCUT MOMEHT WHEPIINH Tesa?
5. Hamwumure BbIpakeHHs] MOMEHTA WHEPUUU HEKOTOPBIX OJHOPOAHBIX Tel
IPaBUJIbHON reoMeTpuyeckoi (hOpMbl OTHOCUTENBHO OCH CUMMETPHUH (1Iapa, AUCKA,
KOJIbIIA, CTEPKHSA U T.1I.).
6. CdopmynaupoBaTb OCHOBHOE YpaBHEHHE JHUHAMHUKH JUIS TBEPAOTO Tela,
BpalIaIOLIErocs BOKPYT HEMOABUKHON OCH.
7. YTO Ha3bIBaETCA MEPUOAOM KOJIeOaHUM?
8. Kak nmepuop koneOaHmii CBSI3aH ¢ 9acTOTON KoJieOaHMit?
9. B uem 3akir04aeTcsi CXOACTBO M B YEM COCTOUT CYIIECTBEHHOE Pa3IUiMe MEXIY
Maccou TeJla ¥ €r0 MOMEHTOM MHEepUun?
10. 3aBUCHUT T MOMEHT HHEPIIUHN OT TE€OMETPUIECKOM (popMbI Tema?
11. Yto Ha3bIBAETCS MOMEHTOM CHJIBI (BpalllatOIIMM MOMEHTOM), B KaKUX €IMHHIIAX
OH U3MEPSIETCS?
12. YTo Ha3bIBaeTCS IJICYOM CHUIIBI?

PABOTA 1.56 OIPEJAEJIEHUE MOMEHTOB UHEPIIUU TBEPJIbIX
TEJ C IOMOLbIO KPYTUJIBHBIX KOJIEBAHUU

Leab padoThl: OIpeaesieHHe METOJOM KPYTHIIbHBIX KOJI€OAHH MOMEHTOB
WHEPIUHU TBEPJIBIX TEN.

Teopernueckoe BBeAeHHE
MOMEHTBI HMHEpPLMU  OJHOPOAHOTO MPSIMOYTOJIBHOTO — Tapaluiejenunena
OTHOCHUTEJIBHO  IVIaBHBIX  OCEM  MHEPUMHM, NOPOXOJAIIMX  Yepe3  LEHTPHI
MIPOTUBOIOJIOKHBIX TPAHEH:

1 2 2
J =—m(a“+b
o0, =1, M@" +b?)
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1
Joo =—m(b*+c?
0.0, =15 Mb"+¢%) (1.63)

Jop, = ém(a2 +c?)
rae a, b, ¢ — mMHbBI pebep napauieacnuie/a.
BKCHepHMeHTaHBHBIﬁ crioco0 OoIIpCaACICHNA MOMCHTOB MHCPIHUHN TCJI OCHOBAH
Ha Ha6HIO,IICHI/II/I KPYTUJIBbHBIX KOJIcOaHUM HCCIICAYEMOTI'O TCIIA.
YPaBHCHI/IC BpallaTCJIIbHOTO ABUIKCHUS TCJId BOKPYI' OCH, l_[pOXOI[}IIHCﬁ acpe3
TOYKY I1O0JABCCA, UMCCT BU/:

(1.64)

IJe o — yroj MoBOpOTa Tejia BOKPYT BEPTHKAIBHOU ocH; M — MOMEHT ynpyroi
CUJIbl OTHOCUTEJILHO TOM K€ OCH, JEHCTBYIOIIEH CO CTOPOHBI 3aKPYUYEHHOTO HA YTOJ
0. TOPCUOHA; J — MOMEHT UHEPIUU Tea.

[Tpu manbix nedopmarusx 3TOT MOMEHT IIPONOPIIMOHAIIEH AehOpMaIIUN:

M=-k-«a, (1.65)

rae K — kKod(PUIHEHT )KECTKOCTHU MPHU KPyUSHHH.
VYpaBuenue (1.64) ¢ yaerom (1.65) npumeT Bua:

d’a
K-a=1J-
dt? (1.66)
d’a + K a=0
B o6miem Buze ypaBuenue (1.67) MokHO 3amucarh:
d’a
t2 +a)0-a=0’ (1.68)
e @, =— — cOOCTBEHHas KpyroBasi 4aCTOTa TapMOHUYECKHX KOJICOAHUH.

J

Pemenuem ypaBuenusi (1.68) siBnsiercs (yHKIMS, OMKMCHIBAIONIAS HE3aTyXaroIIHe
rapMOHUYECKHE KOJIeOaHUS:

a=a,-cos(at+@,) . (1.69)
7€ o — YroJl TOBOPOTa Tejia B MOMEHT BpeMerH {; ag — ammmuTyaa konebanuii;

ot + .
(@t +¢,)_ daza xonebdanuii; gy — HadaabHas ¢asa.
[lepuon konebaHuit Teaa onpenenseTcs Kak
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2.7 J
o, T\ (1.70)

Onucanne yCTAaHOBKH

VYcranoBka n3obpakena Ha puc. 1.13 u 1.14 u BxirodaeT B ceOs: ocHOBaHuUE 1,
BEPTUKAJIbHYIO CTOWKY 2, BEpXHUM 3 W HWKHUM 4 KPOHIITEHHBI, CpPEAHUMN
KpOHIITEHH 5, Habop wuccieayembix oOpas3noB. OcHoBanue | cHaOkeHO Tpems
peryaIupyeMbpIMU OomopaMu 6 W BUHTOM—OapamkoM 7 i (uKcaluu CTOMKH.
BepxHuil 1 HUKHUK KPOHIUTEWHBI IPEAHA3HAYCHBI U1l KPEIUIEHUS Y3JIOB IOABECKU
W HATSHDKEHUsST TOPCHOHA 8 (cTambHOW TMPOBOJIOKH), C KOTOPHIM CBs3aHa
MeTtaiuinueckass pamka 9 ¢ rpy3samu 10, mnpegHasHaueHHas ISl yCTaHOBKH
uccinenyembix obpasuoB 13. Ha cpenHem kpoHmTeliHe 5, Ha KOTOpPOM HaHECEHA
[IKaja OTCYETa YIJIOB 3aKPYyYHMBAHMS TOPCHUOHA, PACIOJIOXKEH 3JIEKTpOMAarHur 15,
NpENHA3HAYEHHBIN [JI1 YAEpKUBAaHUA pPAaMKU B HCXOOHOM TIOJIOXKEHUU U €€
OCBOOOXIeHHsI (MpU 5TOM BO3HUKAIOT KPYTHIIbHBIE KOJIEOAHUS pPaMKH BOKPYT
BEPTUKAJIBHOM ocH), GoromaTuuk 16, nMpenHa3HAuYCHHBIN JJI ONpeAesieHUs Mepruojia
KOJICOaHUN METaNINYECKON PAMKH C UCCIIEyeMbIMU 00pa3iamMu U 0e3 HUX.

S

.,[§
~

— .Y.—

72
Pucynok 1.13 — Buenawuii BUJ yCTaHOBKH

TeopeTnueckoe 3HaYEHUE MeprUoa KojeOaHUl paMKH ¢ Tpy3aMu Maccamu M,
HaJieBaeMbIMU CBepXxy (pucyHok 1.13), onpenensercs mo hopmyre:

J+J
T,=2r- TM (1.71)

rme Jy — MOMEHTHI WHEPIIMU TPY30B, KOTOPHIE MOTYT OBITh BBIYHMCIICHBI IO
teopeme LlTelinepa

Jy=2-Jy, +M-0%) (1.72)
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rne £ = 0,0525 M — paccTosiHuE OT OCH BpaIllleHUs PaMKHU 10 OCH TPY30B; Jyo —
MOMEHT UHEPIHMH KaXJOr0 rpy3a OTHOCUTEIBHO OCU BpAILICHUS, MPOXOASIICH uepe3

J 1 ?
IIEHTP Macc: Mo_E'm'r.

JM=2-(%M-r2+|\/l-€2)=M-(r2+2-€2) (1.73)

r = 0,015 m — paguyc kaxoro rpysa.

Bossens B kBagpar obe vactu ypaBHenuit (1.70) u (1.71) u monmenuB oHO
ypaBHEHHE Ha JIPyroe, MOJTYYHM BBIPOKEHUE NJIS ONMpPENeICHUS MOMEHTA WHEPIHU
pamKu 6e3 Tpy30B:

LI
le J+ JM _
J=1J Ll =M -(r? + 202 Lk
=Jy .TZ—_T:LZ_ (r + 20 )'TZ_T]-Z (174)
f”'*l—":
’Q‘ — B /3
L il
2. -
&
ﬁ - | L] o

Pucynok 1.14 — Pamka ¢ rpy3amu u o0pasiom

Teoperuueckoe 3HaueHUE Tepuoja kKojebaHuit T, pamku ¢ oOpasnom u 0e3

rpy30B Maccamu M:
J+J
Tz=2'7f'«/ ” : (1.75)

1 2 2
rae a, b, ¢ — pasmepsl uccnenyemoro odpasua; p = 8400 KI/M® — IJIOTHOCTB
JIaTyHHU.
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Bossens B kBaapar ypaBHenus (1.70) u (1.72) m mopenuB WX TOYJIEHHO,
MIOJIYYMM BBIPAKEHUE JIJISI OTIPEIETICHISI MOMEHTA HHEPITUK 00pasia:

T? J

T2 J+J,

2
3, =3[ 12] -1
T

(1.77)

MeTtoauka onpeaeJieHUsi MOMEHTOB MHEPUHMHU TBEPABIX TeJl
1. OrknoHMTH pamMKy Ha yrom 300 U 3adQUKCHPOBATE C MOMOIIBIO
aneKTpoMarHura 15, HaxxaB KHOTIKY «CeTb» OJoKa.
2. Haxxarp kHOnKy «Ilyck» Omoxka. [1o noka3anusim taiimepa 010ka onpeaenanThb
3HaYeHHe BpeMeHU N koieOanuii pamku. Haxate kHOnky «Crom». OmnpenenauTtsb
CpeaHee 3HaYeHHE Meproaa KojiebaHuil paMKku 1o opMmysie:

t

T=—
- (1.78)

rae t — BpeMst kojebaHui, N — YuCIo KojaeOaHu.

BHUMAHUE. Jlng  npeaoTBpallleHUsl  NeperpeBaHus  KATYIIKH
3JIeKTPOMATHUTA — BpPeMsi HENPEPBLIBHOI PadoThl JJEKTPOMATHUTA — He DoJiee
15 cekyH/1, epepbIB — S CEKYHL.

3. OnbIT Npou3BecTy 3 pasa U pe3ysIbTaThl ONbITa 3aHECTH B TabmuIry 1.8.

4. YcranoBuTh JBa rpy3a 10 Ha manky (pucyHok 1.14). OnpenenuTs mnepuos

kosiebanuit T; pamku ¢ rpy3amu 1o ¢opmyne (1.78). Pesynbrar 3anectu B TabIUILy
1.9.

5. BeIuHCIUTh MOMEHT MHEPIMK J paMKu 0e3 rpy30B 1o Ghopmyiie (1.74).

6. CHATh Tpy3bl M ¢ paMkH. YCTaHOBUTBH 00Opa3el] B paMKe COINIACHO PUCYHKY
1.14. Onpenenuth neproa kKosnebanuit T, pamku ¢ oOpasuom 1o dopmyne (1.78).
OmnbIT Ipou3BeCTH 3 pasza v pe3yJIbTaThl 3aHECTH B TAOJIHILY.

7. BerauciuTh MOMEHT HHepIHH Jo 00pasna mo gopmysie (1.77).

8. PesynbraThl M3MEpeHM U BEIYUCICHHH 3aHeCTH B Tabnuiry 1.8.

Tabnuna 1.8 — Pe3ynbsrarsl M3MepEeHU U BEIYUCICHHUH

No t, C T,C tl ,C T1 ,C tz ,C T2, C \%’ 2 JO’ 2 SJocp, % AJOsz’
KI''M KI''M KI''M
1
2
3
Cpennue
3HAYCHUA

9. Ompenenuth TEOPETUYECKOE 3HAYEHHE MOMEHTA HHEPIIMU HCCIEIyeMOTO
obpasma no ¢popmyie (1.76).
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10. 3Has TeOpETUYECKOE U IKCIEPUMEHTAIbHOE 3HAYEHUS] MOMEHTOB MHEPILUU
HCCIIeyeMOro 00pasiia, ONpeneauTh OTHOCUTEIbHYIO MMOTPEIIHOCTh 10 (hopMyIe:

JO - JOmeop
d] — ken.cp . 100%

0

Omeop

11. 3anucarb OKOHYATEJIbHBINA PE3YJIbTAT B BUJIE:
Jo= (Joep £ 4J0ep) k-M%, npu 0Jo=...%

KoHTpoJibHbIE BONPOCHI
1. ChopmynupoBaTh 11€51h paOOTHI U 1aTh OMMCAHUE CXEMbI YCTaHOBKH.
2. CdopmynupoBaTh OCHOBHOE ypaBHEHWE JWHAMHUKA JJII TBEPAOTO Tea,
BPAIAIOIIETOCS BOKPYT HEMOABMKHOW OCH.
3. Kak onpenensieTcss MOMEHT HHEPIIMH MaTepHAIbHON TOYKN?
4. Yto Ha3bIBAETCS MOMEHTOM HMHEPITUHU Teja?
5. Uto Ha3bIBaeTCs MEPUOOM KoJieOaHU?
6. Kak nmepuon konebaHuii CBsI3aH ¢ 4aCTOTOM KojieOaHui?

TEOPETUYECKOE BBEJIAEHUE K PABOTE 1.6
[Ipn paccMOTpeHMHN BpalllEeHHs] TBEPAOTO Tea ¢ JUHAMUYECKOW TOYKHU 3PEHMS
Hapsly C TOHATHEM O CHJIaX BBOJMTCS IMOHSATHE O MOMEHTaxX CHJI M HApsAy C
ITIOHATHEM O MACCE — MOHATUE O MOMEHTE UHEPLIUU.

[IycTte MarepuaibHas TOYKa MacCOM m TOJ ACHCTBMEM BHEIIHEW cwmiibl F
JBUKETCSI KPUBOJIMHEMHO OTHOCUTEIBHO HeNoABMKHOM Touku O. Ha MarepuanbHyto
TOUYKY JICHCTBYET MOMEHT CHJIBI M TOYKa 00j1a7aeT MOMEHTOM HMITyJbca. [lonoxkeHue

NBIKYLIEHCS  MaTepUajlbHOM TOYKM  ONpPEAEISIETCS  paanyc—BekTopoM I,

npoBeneHHbIM K Hed w3 Toukun O (pucyHok 1.15). Momenmom cunwi F
OMHOCUMENbHO HenoosudicHot mouku O Ha3vleaemcsi 6eKmMoOpHas BeIWYuHA M,

paBHas BEKTOPHOMY MTPOU3BEICHUIO pajnyc—BekTopa I' Ha BekTop cuibl F

M =7 xF] (1.79)

M

X

—

Pucynok 1.15 — MomenT cunbl F
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BekTop M HampasieH NepHIeHIUKYISPHO INIOCKOCTH BEKTOpoB I u F u ero
HaIIpaBJIEHUE COOTBETCTBYET IIPABUIIY IIPABOrO BUHTA. MOyllb MOMEHTA CHUJI PABEH:!

M=F-r-Sinae=F-h, (1.80)

7€ O — yroJI MeXay Bektopamu ' u F | h=r-sina — nneyo cumsl, paBHOE
KpaTdyaillieMy pacCTOSHUIO OT TOYKM O 10 JUHUU JACUCTBUS (BIOJIb KOTOPOWU

JIEHUCTBYET cuiia) cuiel F .

—

Momentom ummyibca L oTHocutenbHO Touku O Ha3bIBACTCA BEKTOPHAA
BEIMMMHA, PaBHAsi BEKTOPHOMY NPOMSBEICHMIO pajiyca BEKTOpa r ma BEKTOP

AMITyJIbCa p m-V , TO €CTh BEKTOPOB ru p (pucynok 1.16).

E:[rx p]:[rxm-v} (1.81)

Pucynok 1.16 — MomeHT umiynbca

Bektop L HampaBieH neprieHIuKyaspHO IIOCKOCTH.
Monyns MOMEHTa UMITYJIbCA PABEH:

L=m-V-r-Sing (1.82)

IJI€ ¢ — Yrojl MeXy HampaBieHUeM BeKTopoB I' u P .

U3 ypasuenus M =J -& cnenyert, uro npu J = const yIIioBoe YCKOPEHHE TeJa
IPSAMO MPOIOPIIMOHAIEHO MOMEHTY BHELITHHUX CHJI OTHOCHUTEIBLHO OCH BPAIEHHS, T.€.

& _M,

:, = M_z (1.83)

[Ipuy M = const ymioBoe yckopeHHe OOpaTHO MPOMOPIMOHATBHO MOMEHTY
WHEPITUH Tela, T.C.
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‘91_‘]2

P (1.84)

[lenpro HacTosmIeH paboTHI ABIIsSIETCS TTpoBepka cootHomneHui (1.83) u (1.84),
a, CJIEIOBATEIIbHO, U OCHOBHOTO YPaBHEHHWS NWHAMHKH BPAIaTCIbHOTO JBIKEHUS
(1.41), cnencTBUSMU KOTOPOTO OHHU SIBJISTFOTCSI.

PABOTA 1.6 IPOBEPKA OCHOBHOI'O YPABHEHUSA IUHAMUKHA
BPAIIATEJBHOI'O IBUKEHUSA

Ieanb DﬂﬁOTbI: OKCIICPUMCHTAJIbHAA IIPOBCPKA OCHOBHOI'O 3aKOHA AWMHAMHWKH
BpamaTCJIbHOTO IBHIKCHUA C IIOMOIIBIO MasATHHKA O6ep6eKa.

MeToauKa NIPOBEPKH OCHOBHOI'0 YPABHEHMS IMHAMHUKH BPalIaTEJIbHOI0

ABMKCHUSA

Pucynok 1.17 — KpectoBuHna (MastHuk O0epOeka)

KpecroBuHa mnpexacraBiger co0OW HACAKEHHYIO Ha OJHY OChb CO IIKHMBOM
MacCUBHYIO cTynuily (pucyHok 1.17), B KOTOpyO BCTaBJICHBI YETHIPE B3aUMHO
NEePHEHANKYISPHBIX CcTepxHS (crnuibl). Ha MIKMB HaMaThIBaeTCsi HHUTb, K KOHILY
KOTOPOM PUBSA3aHbI TPY3bl Maccor My 1 My. Ecin 1ate rpy3y naaarb, TO KpECTOBUHA
IIPUAET BO BpallaTeJIbHOE ABUKCHHUE.

OIIBIT Nel (KpecToBHHA §e3 IPYy30B, Macca MajJalomiero rpysa my)

1. U3MepuTh IITAHTCHIUPKYJIEM TuameTp mkuBa d.

2. HamoTaTh Ha MIKUB HUTH U TIOJBECUTDH IPy3 MACCON My.

3. IlpenocraButh rpy3y CBOOOJHO MaAaTh, BKIIOYUTH CEKYHIOMEP B MOMEHT
Hayajla JBWIKEHUS I'py3a U BBIKIIOYUTH €0 B MOMEHT COIPUKOCHOBEHUS Ipy3a CO
ctoinukoM. [loBroputh ombIT 3 pa3a MU 3amucarh B TAONMIy TPU 3HAYECHHS] BPEMEHU
mageHus rpysa: ty, t, ts.

4. 3Has cpeaHee BpeMsl U NyTh, TPOUJICHHBIN MaJIalOIIUM TPy30M, MOICUUTATh
YCKOpEHHUE MaJarolero rpysa a; no gopmyie:
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2-h
acp :tT , h =1,6 m. (185)

cp
5. IlogcuuTarh yIIIOBOE YCKOPEHHE &) M BEIMYHMHY BpAIIAlOIIEr0 MOMEHTa

M; o dpopmynam:
2-a m-(g—-a)-d
_ 59 _m-(g-2a)

fp =g m M = > (1.86)

6. OnpenenuTb MOMEHT UHEPLIUU KPECTOBUHBI:

M
_
J; = (1.87)
&
7. Pe3ynbrarhl 3anucarh B Tabnuiry 1.9.
Tabmuua 1.9 — Pesynbrarsl n3MepeHnii U BEIYUCICHUN

Macca
pr3a, Ng Py tcp, At, Atcp, M El:.pl Ms ‘]s
KT VL cek. |cex. |cex. | /e c? Hwm | Kr-m?
Omnpit 1. (kpecToBrHA 0€3 rPy30B)
1.
my= |2
3.
OnpIT 2. (KpECTOBUHA C TPY3aMH)
1.
mq = 2.
3.
OnpIT 3. (KpeCTOBUHA C TPY3aMH)
1.
m,= | 2.
3.

OIIBIT Ne2 (kpecTOBHHA ¢ TPY3aMM, Macca MajJalIIero rpysa m;)

1.  H3MeHuTh MOMEHT WHEpPIMH KpeCTOBUHBI. [[1s s3TOro Ha CITHLIBI
KPECTOBUHBI YKPEIUIAIOTCS Ipy3bl. Macca kaxmoro rpyza Mg. (Ilepexoaum k apyroit
KPECTOBUHE).

2. Ocrapisisi HEM3MEHHBIM TAJAIOIIUN TPy3, MPOJENaTh OMBIT B MPEKHEM

TOPSZIKE, ONPENENUTh CPEIHEE BpeMs MajeHus rpy3a tocp, BEIMUCTUTE ), Ep, Mo 1
Js.
& J,

3. IIpoBepUTH COOTHOIIEHHE . — 5, CIIPABEIMBOE NPU PABHBIX MOMEHTAX
&y 1

(M1 :Mz).
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OIIBIT Ne3 (kpecTOBHHA ¢ TPYy3aMM, Macca MajJalIiero rpysa m,)
1. YTOYHUTH MOMEHT CHJIBI, TIOJBEIIMBAs HOBBIIA I'py3 M.

2. [Iponenar onbITH B TIPEXKHEM MOPSIKE, BBIYUCIUTD 3, &3, M3 1 Js.

& _M,

3. IlpoBeputb  COOTHOIIECHHE e M. CHpaBeluBOC  MpH
3 3
HEU3MEHSIOIIEMCS MOMEHTE MHEPLIUK KpecToBUHEI (Jp=J3).
4. BblyuMCIUTh COOCTBEHHBIM MOMEHT HWHEPIUU TPY30B, HAJCTHIX Ha
KPECTOBUHY:

J,+J
_ Y2 3
»T T 5 i (1.88)
J,+J,
TIc 2 — CPCAHCC 3HAYCHHUC MOMCHTA MHCPHOHWHU KPCCTOBUHBI BMCCTC C

rpy3amu; Ji — MOMEHT MHEPLUM KPECTOBUHEI O€3 IPY30B.
5. CpaBHUTH pe3yinbTaT, TMOJYyYECHHbIH B TYyHKTE 4, C pe3yJIbTaToM,
BBIYHMCIICHHBIM T10 TEOPETHYECKOU (hopmyie:

J,=4-m-R* (1.89)

e Mo = 0,83ke — Macca KaxJ0ro rpysa, HaJIeToro Ha CIHILy KPECTOBUHBIL,
R = 0,27 m — paccTosiHHE OT LIEHTPA TSHXKECTH TPy3a O OCH BpaIlleHUS.
6. BeIUMCIUTH OTHOCUTENBHYIO MOTPEITHOCTD ISl H3MEPEHUH, IPOBEJICHHBIX B
TPEThEM OTIBITE, TIO (popMmyIe:
2Ad  Ah 2At, Am Ag Aa
=——+—+ + + + : (1.90)
d h t m g-—-a g-a

cp

51,

e Ad=0,0005 M, 4h=0,005 ™, 4m=0,0005 «kr, Ag=0,005 w/c’
2At
Aa=a- Ah +—=
h '[CIO
7. AOGCOJIFOTHYIO TIOTPEIIHOCTh BEIYUCIUTH MO (hopMyJie:

AJ,=J,-59,
8. 3anmucaTh OKOHYATEIBLHBIN pe3yibTar 1JIs TPECTHETO OIIbITAa B BUJIC:
\] :(J3 iA‘]S) KF'MZ, pu 5\]3 :%

KoHTposbHbIEe BONIPOCHI
1. Yto Ha3pIBA€TCSI MOMEHTOM MHEPILINHU MaTepHATBHON TOUKU?
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B owhn

N o

9.

UTto Ha3pIBAE€TCSI MOMEHTOM MHEPLIMH Tea?

B xakux enuHMIIaX U3MEPSAETCS MOMEHT UHEPIUHU Tema?

B dem 3akirodaeTcsi CXOACTBO U B YEM COCTOUT CYILIECTBEHHOE PA3IMUUE MEXKITY
Maccoi Tejla U ero MOMEHTOM UHEPLIHH?

Hamummure hopmysbl, ¢ MTOMOIIBIO KOTOPBIX MOKHO BBIYMCIUTH MOMEHT WHEPITUU
OHOPOMHBIX T TMPaBUILHOW TEOMETPUYCCKOM (HOPMBI OTHOCHUTEIBHO OCH
cuMmmeTpuu (1apa, IUCKa, TOHKOCTEHHOTO KOJIbIA, CTEPHKHS U TOJCTOCTEHHOTO
KOJIbIIA)

Yro Ha3bIBa€TCI MOMEHTOM CHJIBI?

Yto Ha3bIBaCTCS IJICUOM CHJIBI?

ChopmynupyiiTe W BBIBEIUTE OCHOBHOW 3aKOH JIMHAMUKH BpalllaTeIbHOTO
JIBVDKEHUS ?

BriBeaute padouyro dhopmyity Juis onpeneseHus MOMEHTa CHJIbI B TaHHOM paboTe.

10. KakuM COOTHOIIICHUEM CBS3aHbI MCIKIOY co0O0M NTUHEHHBIC U YIJIOBBIC YCKOpCHI/IH?

B xakux enuHHUIIAX OHU U3MEPSIOTCS?

11. Kak MOXXHO HW3MEpUTh MOMEHT WHEpPUUU KPECTOBUHBI, HE H3MEHSAS MacChl

Ipy30B?

12. Kakue ¢u3udecKkue BEIWYUHBI JODKHBI OBITh OJWHAKOBBIMH B TIEPBOM M BO

BTOPOM OIIBITaX?

13. Kakue ¢usnyeckue BEIWYWHBI JTOJDKHBI OBITh OJMHAKOBHIMA BO BTOPOM M

TPCTBCM onpITax?

14, Ha ocHoBaHMM Kakoi 3dKOHOMCPHOCTH BBIYHUCIIICTCA YCKOPCHHUC I1aAarOIICIO

rpy3a B JaHHOU pabote?

15. Kakue cooTHOIIIEHHs HEOOXOAMMO MTPOBEPUTH B JTAHHOM padoTe?
16. Ilo xakoit TeopeTuueckoil hopmyre HyKHO BHIYUCIUTh MOMEHT UHEPIIMU TPY30B,

HaJACTBIX Ha KpCCTOBI/IHY?
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3AKJIFOUEHUE

Jlnst  oOydJarommxcsi WHXKCHEPHBIX — CHCIHANBHOCTEH  (U3MKa  SIBISICTCS
CUCTEMOOOPA3yIOIIeH AUCIUIUIMHON TMPEeAMETHBIX 3HaHWiA. OHa CIIY)KHT OCHOBOU
BCEI1 COBPEMEHHOW TEXHUKHU U OOJBIINHCTBA HOBBIX TEXHOJIOTHA.

B mpomecce u3ydeHus TUCIUTIIMHBI 00ydJaroIIMecs: JTODKHBI pa3BUTh B cede
CIIOCOOHOCTh MCIOJIb30BaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX AUCIUIUIMH B
npodeccuoHalbHON NeATeTbHOCTH, TIPUMEHSITh METO/Ibl MAaTEMATUYECKOTO aHaIN3a U
MaTeMaTuyeckoro  (KOMIBIOTEPHOTO)  MOJACIMPOBAHUS,  TEOPETUUECKOTO U
HKCIIEPUMEHTAJILHOTO  MCClIeIoOBaHUs. B pesynprare OCBOEHUSI JTUCHUILIMHBI
oOyyaromuecsi CMOTYT: BBISBISITh U KIacCUPUIIUPOBATh (DU3UUYECKHUE TMPOIECCHI,
OpOoTEKalIKe Ha O00beKTe NPO(PECCHOHANBHON NESITeNbHOCTH; OINPEACSTh
XapaKTepUCTUKHN (DU3UYECKOTO Mporiecca (SBICHUS), XapaKTEPHOIo Uisi OOBEKTOB
npodeccruoHanbHON NEeATENbHOCTH, Ha OCHOBE TEOPETUYECKOTO
(PKCTIEpUMEHTAIBLHOTO) UCCJIEI0BAaHNUS; IPEICTaBIATh 0a30BbIC LIS
npodeccuoHanbHO  cephl  (DU3MUECKHME TPOLECCHl U SBICHUS B  BUJIEC
MaTeMaTUYECKUX YpaBHEHUM; BbIOUpaTh 0a30Bbie (hU3NUYECKUE 3aKOHBI I PEIICHUs
3a/1a4 TPOPECCUOHAIBHOU ESITEILHOCTH.
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