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1. JiaeMeHTHI Teopun. JIuHAMMKA MOCTYNIATEIbHOIO

IBHMKEHUS

1.1. Cuna. Macca 1 uMIyJibC

Junamuka — 370 pazgen (pU3MKH, KOTOPbIA 3aHUMAETCS HaXOXKICHHEM
3aKOHA JIB)KEHHUS Tella, paccMaTpUBas NPHUYMHBI, BBI3BIBAIOIINE ITO JBUXKE-
Hue. B nanbHeiiem Oynem paccMaTpuBaTh MOCTYMATENbHOE JABUXKEHHE abco-
JIOTHO TBEPAOTO Teja, KOTOPOE B OOIIEM CIy4yae MOXKHO CBECTH K MaTepHalib-
HOM Touke. BriepBbie mo100HOr0 poja 3a1aya Obliia pelieHa B 3HAMEHUTON pa-
6ore M. Hplorona «MartemaTuueckue Hayana HaTypaldbHOU Quiocopum»,
oryOnMKoBaHHOU B 1687 T.

Haunem c Bompoca, kotopsii gocraics M. HeroTOHY «110 HaclieAaCcTBY»
ot I'. lNanunes. Ilo Apucrorento 1000e UCKYCCTBEHHOE JBM)KEHHE (HE BO3HU-
Karoriee Mo 00XKECTBEHHOMY YMBICITY) ObIJIO ObI HEBO3MOXHBIM 0€3 HaTudus
BHEIITHETO BO3JEHCTBUS, KOTOpOoe U obecreunBano Obl 3TO JBHXKeHHE. B co-

BpeMeHHOU ¢u3rke 0000IIEHHOM XapaKTepUCTUKONW BO3ACHCTBUS OJHOTO Ma-

TEPUAILHOTO 00BEKTa HA JIPYTOil SIBISIETCS BEKTOP, HA3BIBAIOIIMICS CUiol F.
OH omnpenensiercd U BEJIMYUHONW BHEUIHETO BO3JIEUCTBUSA, U €r0 HAIIPABJICHUEM.
Ecnm xe Ha paccMaTpUBaeMyr MEXaHUYECKYHO CHUCTEMY OKa3bIBA€TCS OIHO-
BPEMEHHO HECKOJIbKO BO3JEHUCTBUM (IEUCTBYET HECKOIBKO CHII), TO UX MOXKHO
CBECTH K OJHOMY 3KBHUBAaJIEHTHOMY, CYMMAapHOMY BO3JE€HCTBUIO U BBECTH IIO-
HSTUE pasHoOelicmayroweli CUlbl, KOTOpasi paBHAa CyMME BCEX OTACIIbHBIX CHJI:
F:=F+F,+..+Fu. (1.1)
MexaHnueckoe BO3JIEUCTBUE MOYKET OCYIIECTBISATHCS KaK MEXK]Y HEIo-
CPEACTBEHHO KOHTAKTHUPYIOIIMMH TEIaMH, TaK U MEXKY yIaJICHHbIMH T€IaMHU
MOCPEZICTBOM OCOOBIX (POpPM MaTepuH, Ha3bIBAEMOW @uauueckum noiem WId
poCTO nosem. l'anumnen ke mepBbIM JI0Ka3ajl, YTO TEJIO0 MOXKET MEXaHUYECKHU
MepeMeniaTbesi TOBOJIBHO JOJIr0 (B MPUHIMIE OECKOHEYHO JOJIT0), MPUYEM C
HEU3MEHHOW CKOPOCTHIO U 0€3 NEeUCTBUS HA HETO KaKuX-I10O0 CHUJL.
HbI0TOH MOJTHOCTBIO COTJIACEH C ATUM U MO3TOMY NUIIET: «BpoxaeHHoe
CBOMCTBO MaTe€pUU €CTh MPUCYIAs €l CTOCOOHOCTh COMPOTUBIICHHUS, 0 KOTO-

pOﬁ BCAKOC OTACJIBbHO B3ATOC TCJIO, IIOCKOJBKY OHO IMPCAOCTAaBJIICHO CaMO ce6e,



YAEPKUBAET COCTOSHHUE TIOKOSI MM PAaBHOMEPHOTO U MPSIMOJIMHEHHOTO JIBHXKE-
HUSD).

DTO CBOWCTBO KOJMYECTBEHHO XapaKTEPU3YETCS BEIUYMHOU, KOTOpas
MOJTyYHnIIa Ha3BaHUE «UHEPMHAsSL MACCA», N HA3BIBACTCS UHEPMHOCIDBIO.

Takum 00pa3om, B JaHHOM cllydae macca — cKajsipHas ¢u3udecKkas Be-
JMYMHA, KOJMYECTBEHHO XapaKTepu3yIolas CIIOCOOHOCTh TENl COXPAaHATH Te-
KyIIIee COCTOSTHUE IBIDKEHUS MIIH TIOKOSI.

CBoiicTBa Macchl B KJIaCCHUECKOW MexaHHKe (MexaHuke HpioToHa):

- Macca TeJa He 3aBUCUT OT MapaMeTpOB JBIDKEHUS W OCTACTCS HEU3-
MEHHOU NMPU WX U3MCHCHUU;

- Macca o0lajaeT CBOWCTBOM aJIMNTUBHOCTH, TO €CTh Macca CHUCTEMBI
TEJI paBHA CyMME MacC OT/ACIBHBIX COCTABIISIFOIINX CHCTEMBI;

- Macca 3aMKHYTOH CHUCTeMbl (TpaHUIBI KOTOPOH HE IMEepeceKaroT HU
TeJla, BXOJSIINE B CHCTEMY, HU BHEUTHHUE TeJla) OCTAaeTCS HEM3MEHHOH (3aKOH
COXpaHEHUsI MaCChI).

[TonsiTHe «Maccay HaIpPSIMYIO CBA3aHO C MOHSATUEM «NIOMHOCHbY», KOTO-
pas ornpezenseTcs Kak OTHoIeHne Macchl AM tena k oo0bemy AV, 3aHUMaeMo-
My TeJIOM (CpeHsisl ITIOTHOCTH Tella):

p= AV (1.2)
WM OCCKOHEYHO Masioi mMacchl dM Tejma K BEIMYMHE 3JIEMEHTAPHOrO 00bema

dV (m1oTHOCTH):

dm
=—, 1.3
P=1v (1.3)
COOTBETCTBEHHO
m= j pdV . (1.4)
\

Jlns mobol cucTeMbl Tell, o0JamaloIIuX Maccoi, CYIIECTBYeT ocolas
TOYKa, Ha3pIBaemas yewmpom macc. Ee T0J0XKEHHE OIpeaeiseT pajanyc-

BEKTOD [, KOTOPBIH, B CBOIO OUEPENb, PABEH:



n

2

A= (1.5)

C n
2. m,

i=1

rae M u [ — Macca M paguyc-BeKTOp I-i MaTepuaabHON TOYKHU, N — YUCIIO TO-

YeK, Ha KOTOPbIE MOXHO pa3OUTh CUCTEMY.
Kpome macchl, no HbloTOHY BCAKOE NBHIXKYIIEECS MaTe€pHalbHOE TEJO
o0aaeT 3armacoM HEKOTO KOAUYeCmea O8UdCeHuss NI umnyabcom. VIMIynbe

—

p TCJIa OIPCACIISACTCA KaK Maccou m TCJId, TaK U CKOPOCTBHIO V ero nepeMeuic-

HUA, TO €CTb 3TO BeKTOp, OHpCI[CHHCMBIfI COOTHOILLICHUECM
p=m7. (1.6)
I/IMHyHBC TAKIKC 06J1a)1aeT CBOﬁCTBOM AaJJUTUBHOCTH, TO €CTb cyMMap-
HBINA I/IMHy.HI)C MeXaHHqCCKOﬁ CUCTCMBI paBeH FGOMCTPI/I‘ICCKOI;’I CYMMG M-

ITyJIbCOB OTACJIbHBIX TCJI, COCTABJIATOIIUX CC:

Py =D My, (1.7)
i=1

1.2. IlepBolii 3akon HeloTona. UHepuuaabHbIE U

HCHHECPIHHNAJIBHDBIC CUCTEMbBI 0TCUECTA

DopMyJIMPOBKA 3aKOHA.

Bcaxoe meno npoodonsxcaem yoepocusamuvcsa 8 c6oem cOCMOAHUU NOKOS
UU PABHOMEPHO20 U NPAMOJIUHEUH020 08UMCEHUSL 00 meX NOop, NOKA OHO He O)-
o0em 8bl8€0eHO U3 IMO020 COCMOAHUSA BHEUHUM 8030elicmauem (CUoll).

Tak xak 1r000€ MEXaHHMYECKOE JBM)KCHHE OTHOCUTEIHHO, TO SICHO, YTO
ATOT 3aKOH BBINOJHSAETCS HE Beeraa. CrnpaBeiIMBOCTh WM HECIIPABEIJIMBOCTD
3aKOHa CBsi3aHa C BBIOOPOM CHCTEMBI OTcueTa. Tak, HalpuMep, paccMaTpuBasi
JIBE CUCTEMBI OTCUETA, ABUKYIIHECS OTHOCUTEIBHO APYT Ipyra ¢ HEKUM yCKO-
pEHHEM, MBI MOJIY4YaeM, YTO €CJIM B OJJHOM M3 HUX TEJIO MOKOUTCS, TO B IPyTrou
OHO JIBHXKETCSI YCKOPEHHO, J1a’Ke €CJIM Ha HEr0 HET HUKAKOTO BO3MYILAOUIETO
Bo3zeicTBUs. Takum 00pa3oM, OJHOBPEMEHHO B 00€MX CHUCTEMAaX 3TOT 3aKOH
HE BBITIOJTHSETCS.

B cBsi3u ¢ 3TUM BCEe CUCTEMBI OTCUETa MOKHO moApasaCiInuTb:



— Ha JBIKYIINECS OTHOCUTENIBHO APYT APyra ¢ OAMHAKOBBIMH U 1O MO-
AyJI0, ¥ TI0 HAIPaBIECHUIO CKOPOCTSIMHU — HMHEPIHAIbHBIE CUCTEMBI, B KaXK10
U3 KOTOPBIX TI0 OTACIHFHOCTH M BO BCEX BMECTE B3STHIX MEPBHIN 3aK0H HpioTO-
Ha BBITIOJHSIETCS, TO €CTh B KOTOPBIX CBOOOIHOE OT BHEITHUX BO3JICUCTBUN Te-
70 (MaTepuanbHas TOUKa) UMEET YCKOPEHHE, paBHOE HYJIIO;

— JIBIDKYIITUECS 10 OTHOIIEHUIO APYT K JIPYTy C YCKOPEHHEM — HEeWHep-
[[UAIbHBIE CUCTEMBI, B KOTOPBIX MEpBbIi 3akoH HbIOTOHA HE BBIOIHSETCS U
cBOOOIHOE Te0 0€3 KaKOro-TO HU ObUIO BO3JIEUCTBUS JIBUKETCS YCKOPEHHO.

OpxHako Ha MPAaKTHKE HEBO3MOXKHO BBHIOPATh CHCTEMY, KOTOpas Oblia ObI
CTpOro WHepuHaigbHa. /[eno B TOM, 4TO CTPOro MPSIMOJIMHEWHOTO IMOCTYyIIa-
TEJILHOTO JIBM)KCHUS MPAKTUYECKU HE OBIBAET, TaK KaK BCE TeJla TaK WJIM MHaue
B3aWMOJICUCTBYIOT JPYT C JOPYrOM, YTO, €CTECTBEHHO, HapyllaeT paBHOMEp-
HOCTb JIBFDKCHUSI.

B Hacrosmiee BpeMst Ha MPaKTHKE B KAYECTBE 3TAJOHHOW MHEPIIUATBHON
CHUCTEMBI BBIOMPAIOT CUCTEMY OTcueTa, cBsi3aHHYI0 ¢ ComHileM (TeIuOoleHTPH-
yeckasi cucTema), XoTs u3-3a BpauieHus: ConHLa BOKpYT siapa Hauiell ['anakTu-
KU OHa TaKXe CTPOro He sABJseTCs MHepHHalbHOW. OJIHAKO eciM oluoKa, CBs-
3aHHas C BBIOOPOM CHCTEMBI, JIEKUT B JOMYCTUMBIX Ipelenax, B KauyecTBE
MHEPLUAIbHON CHUCTEMBl MOKHO BBIOpaTh JIIOOYIO IPYrylo, IYCTh JaxKe JIBU-

KYILYIOCSl C YCKOPEHUEM (HAIpUMeEp, CBSI3aHHYIO C MOBEPXHOCTHIO 3€MJIN ).

1.3. Bropoii 3axon Hpl0TOHA Kak ypaBHeHM e IBUKEHU S

Hrak, eciim Ha TEJIO HET HUKAKUX BHEIIHUX BO3JACUCTBHUU WJIM 3TH BO3-
NEUCTBUS KOMIIEHCUPYIOT JAPYT APYra, TO TEJIO JBUTACTCS C MOCTOSIHHOM CKO-
POCTBIO MUIH TIOKOUTCS. Toraa Kakum ke OyJIeT XapakTep JBUKCHUS, €CIIH PaB-
HOJCHCTBYIOIIAs BCEX CHJI, ACHCTBYIOIIMX Ha TENO, OyJeT OTIWYHA OT HYyJIsA?
OtBeT Ha 3TOT Bonpoc HBIOTOH JaeT B CieayIolieM YTBEpKAeHUU (BTOpOH 3a-
KoH HproToHA).

Yckopenue, npuobpemennoe menom 8ciedcmasue SHeuHe20 6030elCmeust
(Oeticmeusi cuibl), NPAMO NPONOPYUOHATILHO IMOMY OelUCmEU, HANnpasieHo

800/1b TUHUU OeLCEUsL U 06pamH0 nponopyuoHaibHO macce mejd, TO €CTb

s-F . (1.8)
m



Hpl0TOH 3amuchiBan 3TOT 3aKOH HECKOJIBKO MHAYE: U3MeHeHUue Koauye-
cmea O0BUMNCEHUS NPONOPYUOHAILHO NPUTIOHCEHHOU O8UMICYWel cule U Npouc-

X00um 8 HanpasieHuu mou Npsamoi, 800Jb KOMOPOU 3ma cuia oeucmayem, To

C€CThb
dp = Fdt, (1.9)
NN
dp =
—=F. 1.10
it (1.10)

Bemnunsa Fdt HocuT HasBanue umnyavca cunvl. ECv Ha TE10 NENUCTBY-
€T OJJTHOBPEMEHHO HECKOJIBKO CHUJI, TO BO BCEX CIY4YasX pedb UAET O PABHOJECU-
CTBYIOIIIEH (Fr€OMETPUUYECKOM CYMME) 3TUX CHIL.

Btopoii 3axkon HproTOHA 4acTO HA3BIBAIOT OCHOBHLIM 3AKOHOM OUHAMUKU
nocmynamenbHo2o 08udicerusi (OCHOBHBIM 3aKOHOM JWHAMHKH MaTepHUaIbHON
TOYKH), a 00a 3aMMCAHHBIX BBINIC YPABHEHUSI HA3BIBAIOTCS YPABHEHUAMU OBU-
Jicenuss mesa, Tak Kak, packiaJblBas BEKTOPbI, BXOJAIIME B HUX, B MPOCKIUAX
Ha OCH BBIOpAHHOW CHUCTEMBI KOOPIWHAT, MOXKHO MOJYYHUTh 3aBUCUMOCTH KH-

HCMATHYCCKUX IIApaMETPOB OT BPEMCHH, TO €CThb ITOJIYUUTH 3dKOH ABUKCHUA.

1.4. Tpernii 3akoH HbroToHA

Ocraercst OTBETUTHh Ha MOCJIEIHHUI BOMPOC, KOTOPBIN ABISETCS JIOTHYe-
CKHM MPOJOKEHUEM ABYX NEPBBIX: €CIU HEKOTOPOE MEPBOE TEJIO EUCTBYET
Ha BTOPOE, TO YEM OHO Jy4llle WIH XyXke ero? Belp B MpUHIUIIE C TOYKH 3pe-
HUs (U3UKK BCE Tela paBHOMpPABHBL. Toraa, COrIacHO MPHUHIIMITY CUMMETPHH,
KOTOPBIM MrpaeT OOJIBLIYI0 POJIb B €CTECTBO3HAHUU, €CIU €CTh MPSIMOE Jeil-
CTBHE, TO JOJKHO OBITh 1 OOpATHOE.

B cBs3u ¢ stuM Tpetuil 3akoH HbrOoTOHA TIacuT: r0b6omy Oeticmeuto
ecmov pagHoe no eluduHe U NPOMUBONOJIONHCHOE NO HANPABIeHUI0 NPOMUBO-
Oelicmeue, WU 6ce mea 83aumMo0etcmeyIom ¢ CUIAMU, PAGHbIMU NO 8eIUUUHE
U NPOMUBONONOICHBIMU NO Hanpasieruro. MaTeMaTH4eCKN 3TO 3aIMChIBACTCS

TaK:

Fi=—Fa, (1.11)



rae Fi u Fa — cuiibl, ¢ KOTOPBIMU MEPBOE TENO JIEUCTBYET HA BTOPOE U BTO-

poe — Ha IepBoe COOTBETCTBeHHO (puc. 1.1).

= ~ 2
o _
Puc. 1.1

Tpetuit 3akoH HproToHa cipaBeyuB He Bceraa. OH CTPOTo BBINOJHAET-
C4 B CJy4a€ KOHTAaKTHOI'O B3aMMOJICMCTBUS M B CIIy4ya€ JUCTAHTHOIO B3aUMO-
JICUCTBUS MOKOSIIIUXCS TEI.

CrepxHEM BCeil HBIOTOHOBCKOM MEXAaHUKHU SIBIISIETCA BTOPOM 3akoH. M3
HETrO CJIEIYET KaK YaCTHBIM CIy4Yai MEPBbIA 3aKOH. JIeHCTBUTENBHO, €CIIU CyM-

MapHOC lIGﬁCTBI’IG Ha TCJIO paBHO HYJIO, TO U3 BTOPOI'0 3dKOHA UMCCM

a=3_F o,
dt m
to ectb V=0 1 v =const.

DTO 03HAYaeT, YTO B 3TOM CJIyyae JABMIKCHHUE MPSIMOIMHEMHOE M PaBHO-
MepHoe. bosiee Toro, MOKHO yTBEpIKJaTh, UTO BCS 0€3 MCKIIOUSHUS KJIaccuyie-
CKasi MEXaHWKa — CJIEJICTBUE BTOPOTO U TPETHETO 3aKOHOB:

— BTOpPOM 3aKOH JAa€T KOJWYECTBEHHOE COOTHOILIECHUE MEXKY MapaMeT-
paMH JBMKEHUS TeJla U CYMMapHbIM BO3AEHCTBUEM, NTPOU3BOJUMBIM Ha HETO
U3BHE (JIECTBUEM BHEUTHUX CHII);

— TPETUU 3aKOH OMNPEACIISIET XapaKkTep B3aUMOJCUCTBUA TeJl (CBI3bIBACT
BO3JICHCTBUE OTAEIBHBIX TEJ APYT Ha ApYyra B €UHYIO CUCTEMY).

PaccmoTtpeB o0miye MpUHIUIBI TOAX0/a K PEIISHUI0 MEXaHWYECKOU 3a-

Ja4qu, paCCMOTPHUM KOHKPCTHBIC BHU/IbI BOSHeﬁCTBHH OJHHUX TCJI HAa JPYI'HC.

1.5. 3akon BcemupHoro tarorenus. Cujia TsKecTn

H BEC TeJ1a

3akon BcemupHOro TATOTEHUS (TpaBUTAIMHN), YCTAHOBICHHBIN U coOp-
MyJIUpOBaHHBIN HpIOTOHOM, SBIIIETCS (PyHIAMEHTAILHBIM 3aKOHOM MEXaHHUKH:
08a n00bIX mena (mMamepuaibHvle MOUKU) 83AUMOOECUCMBYIONM C CULOU, NPO-
NOPYUOHATILHOU NPOU3BeOeHUI0 ux macc (M1 u My) u 06pamHo NPoONoOPYUOHATb-

noti keaopamy paccmosnus (r?) mexcoy ux yenmpamu macc, mo ecmo



m
F:Gm;ZZ, (1.12)

rae G = 6,67-101 M%/(kr-c?) — rpaBUTALIMOHHAS TOCTOSHHAS.
B nmanHOM cnywyae macca, BXozsiias B 3aKOH BCEMHPHOIo TATOTEHUS,
HAa3bIBACTCS 2pASUMAYUOHHOU MACCOU W SIBISETCS MEPOU TPaBUTALMOHHOTO
B3aUMOJIECTBUs Tel. B HacTosliiee BpeMs ¢ JOCTATOYHOU TOYHOCTBIO JTOKa3a-
HO PaBEHCTBO MHEPTHOM U TPaBUTAIMOHHON Macc, U, TaKUM 00pa3oMm, B Jalib-
HeleM OyZieM UCTOIb30BaTh €IMHOE MOHATHE «MACCa.
Cuna, onpenendroiiasi rpaBUTAIIMOHHOE MPUTSXKEHUE MATEPUATIbHbBIX TO-
YeK, HamnpasJieHa BAOJIb NPAMOM, MPOXOAAIIEH Yepe3 3TU TOYKHU B MOJHOM CO-
OTBETCTBHM C TPEThUM 3akOHOM HbIOTOHA, Kak moka3zaHo Ha puc. 1.1. B Bek-
TOPHOM BHJIE MATEMATUUECKAs 3aIMCh 3aKOHA TPAaBUTALIMU BBITJISIAUT KaK
Fi2=-G ml—rsnz r,

I'-12

(1.13)

U aHAJIOTUYHBIM 00pa3oM:
— m,m
Fa=- 1 3 2
r
21

" (1.14)

rae I, u I, — COOTBETCTBYIOLIUE PaJHyChI-BEKTOPBI, IIPOBEJCHHBIE OT IIEPBOM
MaTepHUAIbHON TOYKH KO BTOPOM U HA0OOPOT.

Ecnu sxe Mbl nMeeM 00BEMHBIE TeJla, TO HAXO0XKACHUE CUJI TPaBUTAIIMOH-
HOTO B3aMMOJICUCTBHSI CBOAMUTCS K CYMMHPOBAaHHIO IO BCEM MaTepHUabHBIM
TOYKaM, Ha KOTOPBIE MOKHO Pa30UThH Tena. MaremaTuueckd 3Ta Mpoleaypa

3aIUCHIBACTCS CIICIYIOMIUM 00Pa3oM:

Fio = [ [ B22E,dv,dv,. (1.15)

w, e
B pesynbrare momydaeM oOIIyI0 CUTY TATOTEHUS, MPUIIOKEHHYIO K IICH-
TPy Macc paccMarpuBaemoro tena. CUTyalusi 3HaYUTEIbHO YIIPOIIAETCS, €CIIH
B3aMMOJICHCTBYIONINE TEJIa OJHOPOJHBI U MPABWIBLHOU (DOPMBI, T.€. 00JIaTa0T
TE€M WIM UHBIM BHJOM CUMMETpHUM. Torma ux LHEHTPhl Macc COBHAAAIOT C T€O-
METPUYECKUM LIEHTPOM TEI.
3emiis, COIMJIacCHO 3aKOHY BCEMHUPHOTO TSITrOTEHUs, MPUTATUBAET BCE

OCTaJILHBIE TEJIA C CUJIOU



Erz—Gﬁgnr, (1.16)
r

rne M — macca 3emid; I' — pacCTOSTHIE MEXIy IIEHTPOM 3eMIIH U IICHTPOM Macc
TaHHOTO Tella, 001 aoIero Maccoi m.
JleficTBHE 3TOM CUJTBI COOOIIAET JTH000MY CBOOOTHOMY TEy YCKOpEeHHUE

} M
g=-G5T. (1.17)

KOTOPOE€ Ha3BIBAIOT YCKOpeHuem c80000H020 nadenus. Tak Kak BOJW3M TMO-
BEPXHOCTH 3eMJIU I' MOXKET ObITh MPHUHATO PaBHBIM paauycy 3emiu (r=R;), To
0=9,8 M/c? U cully TATOTEHHs, KOTOPYIO Ha3bIBAIOT B ATOM CIIy4ae Cuiol msi-
Jrcecmu, MOXKHO TepenucaTh B BUIE
Fr=mg. (1.18)

OpnHako, HAXO/ASICh Ha MOBEPXHOCTU OMOPHI MM OYy4d 3aKperIeHHBIM
Ha T0JIBECE, TEJIO HAXOJUTCSA B COCTOSIHHM MOKOS, YTO, COTJIACHO MEPBOMY 3a-
koHy HbroToHa, CBHIETETBCTBYET O TOM, YTO JEHCTBUE CHIIBI TSKECTH KOM-
NEHCUPYETCS IeUCTBUEM CHJIBI PEaKIUMU OMOpbI Uiy nojaseca. [lo TpeTbemy 3a-
koHy HploTOoHa, ecnu omopa Wiy mojaBeC ACHCTBYIOT Ha Tello, TO U TEJO, B
CBOIO Ouepeib, AEHCTBYET Ha HUX C HEKOM paBHOM MO MOAYJIIO, HO IPOTUBOIIO-
JIO’KHOM MO HAIIPaBJIECHUIO CUIION, KOTOPYIO HA3bIBAIOT 8eCoM meid.

Heobxoaumo mOMHUTH, YTO KaK MOAYJIb Beca Tejia, TaKk U HaIlpaBJieHHE
ATOW CHJIBI HE BCET/la PaBHBI CHJIE TSHKECTH. ITO MOXKET ObITh, HApUMEp, B
cily4ae, KOrJla Ha paccMaTpMBaeMoOe€ TeJO, TTOMHUMO 3THUX CHJI, JEUCTBYIOT H

IpYyTUe CUJIbI (CUIIBI BHEIIHEW TSITH, CUIIBI TPEHUS U T.1.).

1.6. Ynpyrue cuibl

OOBIYHO B MEXaHUKE, MTPOU3BO/IS 3aMEHY HEKOTOPOTro (PU3MUECKOro Tela
MaTepHaIbHON TOYKOW, MBI TOJIb3yeMCsI aOCTPAKTHBIM TMOHSTHEM aOCOIIOTHO
TBepaoro Tena. OaHaKo B pealbHOCTH MO JECHCTBUEM MPUTIOKEHHBIX CHIT JIIO-
60e Teno degpopmupyemcs, TO €CTb U3MEHSIET CBOM T'€OMETPHUUECKHUE pa3Mepbl
u hopmy.

Ecimu mocne mpekpamienus nedopmupyromero nerctsus nedopmarus
TEJIa MCYe3aeT, TO €CTh TEJIO BO3BPAIAETCS B MEPBOHAYAIBHOE COCTOSIHUE, TO

Takas nedopmanus HazbiBaeTcs ynpyeou. [lepopmannu, KOTOpble COXpPaHSIOT-



Csl B TEJIE MOCJIE MPEKPAILLCHUS TEVCTBUS BHEIIHUX CHJI, HA3bIBAKOTCSA MIACU-
yeckumu (M ocmamoynvimu). JleopManuu pearbHOro Tella BCET/Ia TUIACTH-
YECKHE, TaK KaK OHHU IIOCJE€ MPEKPAIICHUs JEHCTBUS BHEIIHUX CHJI HUKOIZAA
MOJIHOCTHIO HEe Mcue3aroT. OJHaKO €CIM OCTAaTOYHbIE Ae(opMaluu Maibl, TO
MMM MOKHO IIpeHeOpeyb U paccMaTpuBaTh yupyrue aedopmaiuu.

B MexaHuke BBIACNSIOT HECKOJBKO MPOCTEUIIMX BHUJIOB A€POPMALINU:
pacTsKeHHe, cKaTHhe, CABUT, KpyueHue, u3rud. B Teopuun ynpyroctu qokasbl-
BaeTCsl, YTO BCE MEPEUYUCICHHbIE BUbI 1e(OpPMALIMM MOTYT OBITh CBEAEHBI K
OJTHOBPEMEHHO MPOUCXOAAIINM JAedopManusiM pacTsKeHUus (Cxatusi) |
CIBUra.

—

PaccMOTpuM OJHOPOIHBIN CTEPIKEHb JUTMHOM | F, 4

L

U TUIOMIAJIbI0 TIomepedyHoro ceuenus S (puc. 1.2),

KpasiM KOTOPOro IIPHUJIOKCHbI HAIIPaBJICHHBLIC BIOJIb y

ero ocu cuwibl F1 u F (mpu atom F1=F,=F), B pe-

I F—H |I1+aAl

3yJbTAaTC 4YCro JJIMHA CTCPKHA MCHACTCA HAa BCIIMYU-

Hy Al, Ha3sIBaeMy10 abconromnou degpopmayueti pac-

TsokeHust (cxatus). EctecTBeHHO, yTO mpu pactsoke- 0 Lo |
HuK Al oNOXKUTEIbHA, @ TIPU CKATUU — OTPHUIIATEITb- F,
Ha.

Bennunna G, paBHas MOIYIIO CHJIbI, IPUXO-
JSIIENCS Ha €AUHULY IUIOMIaAM IMOMEPEYHOr0 CEYEHHUs CTEPIKHS, Ha3bIBAECTCS
MexaHUuyecKuUM HanpsHceHuem:

G=§. (119)

Ecnu cuna HampaBieHa MO0 HOPMaJIM K MOBEPXHOCTH, HAIPSKEHUE Ha3bl-
BAETCSI HOPMAILHLIM, €CITU K€ 10 KAaCaTeIbHON K MOBEPXHOCTU — MAH2EHYUAIb-
Hoim. Ecnu HampspkeHHe OIMHAKOBO BO BCEX TOYKax Tena, TO aedopmarus
HA3BIBACTCSA 00HOPOOHOU (HATIpUMeEp, AeQopMaIus pacTsHKeHUS UiTu ckatus). B
MPOTUBHOM clly4ae Jedopmalivs Ha3bIBACTCSI HEOOHOPOOHOU (HAIpUMep, Kpy-
YeHue, U3ruo).

BennuuHoii, xapakTepu3ymomieil crerneHp aedopMamuu Temna, SBISETCS
ero omuocumenvHas degopmayus €. B ciaydae mpomonbHO aedopmanyu Be-

JIMYHHA € XapaKTCPU3YCT OTHOCUTCIbHOC YAJIMHCHUC CTCPIKHA:



g=—. (1.20)

Awmepukanckuil Gpusuk P. [yk dKCIEpUMEHTAIBHO YCTaHOBHII 3aKOH, CO-
TJIACHO KOTOPOMY ISl MaJIbIX JeopMaluii OTHOCUTENBHOE yIIIMHEHNE € U Me-
XaHUYECKOE HANIPSDKEHUE G TIPSMO MPOTIOPLIUOHATBHBI APYT APYTY:

c=Eg, (1.21)
rae Kodgduiment £ 3aBUCHT OT YINPYTHX CBOWMCTB MaTepuana W Ha3bIBa€TCA
mooynem FOnea.

U3 popmyn (1.19), (1.20) u (1.21) cneayer, uto

ES

F :TAI . (1.22)

Ecnu BBECTH HOBYIO BEJIMUHHY
k = ES (1.23)
|
U Ha3BaTh €€ K03 Puyuenmom ynpy2ocmu WA KOIDDUYUeHmom Hcecmrocmu
TeJa, TO 3aKoH [ 'yka mepenuiieTrcs B BUJIE
F =kAl. (1.24)
DTOT 3aKOH BBITIOJHACTCS JIJISL TBEPIBIX TEJ, €CIH JePOPMUPYIOIIas CH-
Ja, a TAKUM O0pa3oM M MEXaHWYeCKOe HaNpsDKEHHE, HE TMPEBBIMA0T HEKOTO-
pPOro MaKCUMAaJIBHOTO Tipenena. VI3MeHeHne MeXaHUIeCKOTO HAMPSKCHHS, BO3-
HUKAIONIETO B TBEPJOM Telie MpH AcPOopMaIiu, MPeCTaBIICTCS B BUIC TUa-
IrpaMMbl HaNPsOKCHUH, KAYEeCTBEHHBIN XOJ KOTOpoW moka3aH Ha puc. 1.3. U3
pUCYHKa BUJHO, YTO JIMHEHHAs 3aBUCUMOCTH HAIPSHKCHHS OT JeOpMalluH,
COOTBETCTBYIOIIAs 3aKOHY [ 'yKa, BBITIOTHSIETCS JIMIIH 0 TaK HA3BIBAEMOT'O npe-
oena nponopyuUoHaILHOCMU Grp. [lpu NanbHEWIIEM yBEIMYEHUM HaNpsSKCHHS
naedopMariyisi 0OCTaeTCs CIle YIpyrou [XOoTs 3aBUCUMOCTh G(€) CTAaHOBHTCS He-
JIMHEIHOI], U 10 TaK Ha3bIBAEMOT'O npedeid Yynpy2ocmu Gy, OCTaTOYHbIE aedop-
MaIu TpeHeOpeKUMO Mabl. 3a MPEACIOM YIPYTrOCTH B TEJI€ BO3HUKAIOT 3a-
METHBIE OCTAaTOYHBIC JepopManuu, ¥ rpaduK, OMHCHIBAIOMINA BO3BpAIICHUE
Tela B TEPBOHAYAIHHOE COCTOSIHHE TIOCIIE TPEKPAIICHHS JCUCTBUS CHUIIBI,

n300pazutcs He kpuBoit CO, a nmapamnensbHoi eif — CF.



11
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oV

Puc. 1.3
MexaHn4eckoe HaIpspKeHHEe, IPU KOTOPOM TIOSIBIISIETCSl 3aMETHAsi OCTa-
TOYHas AedopMaIus, Ha3bIBaCTCs npedeiom mekyiecmu Gr. Eil COOTBETCTByeT
touka D Ha nuarpamme Hanpsikenuit. B obnactu CD nedopmarius Bo3pacTtaet
NpakTUYeCKu 0e3 yBEeTWYEeHUs HaIpsKeHHs (Teao Kak Obl «Teder»). Jta 00-
JacTh HAa3bIBACTCS OOJNACTHIO TEKYUYECTH (WUTU OOJIACTBIO MIACTHUYECKUX Aedop-
Mmaruit). Marepuaisl, Ui KOTOPBIX 00JacTh TEKYyYECTH 3HAUYMUTENbHA, Ha3bIBa-
IOTCSl BI3KMMHM, JJIS1 KOTOPBIX K€ OHA MPAKTUYECKU OTCYTCTBYET, — XPYNKHMH.
[Ipu manpHelIeM pacTshKeHUH (32 Touky E) mpoucxomuT paspylieHue Tena.
MaxkcumanapHOE HampspDKeHHE, BO3HUKAIOIIEe B TeJe 10 pa3pyllieHus, Ha3bIBa-
eTCsl npeoenomM NPOYHOCHU O
Ecnu xe npucyTcTByeT nedopmaiius CABUra,
TO JUISL TOTO K€ CaMOT0 CTEPKHS MOKHO 3aIHCaTh:

c =G, (1.25)

rne G — Moaynb caBura (aHaJOTUYEH MO CMBICITY

Moxayito FOHra), Y — OTHOCHUTENbHBIM CHBUT, OIpe-

nensieMbii kak Yy =tgo=Al/l, (puc. 1.4).

Puc. 1.4

B TexHuke BaXXHYI POJIb UTPAKOT BCE BUIbI
nedopMmanyy — Kak ympyrue, Tak ¥ Heymnpyrue. PaccMoTpenue ympyrux Je-
dbopmanmii He0OX0UMO, HATIPUMED, MPU pacdyeTe KOHCTPYKIUU 3AaHUH, KOP-
IyCOB M HECYIIMX 3JIEMEHTOB paJguoaniapaTypsl, Py U3TOTOBICHUHA UHCTPY-
MeHTOB. PaccmoTrpenmne Heynpyrux aedopMaruii BaKHO MPH TAKUX TEXHOJIO-

THYECKUX TMpoIeccax, Kak ImTaMIoBKa, YekaHka, GOpMOBKa, MpoKaTKa v T.J.
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1.7. Cuabl TpeHUA

Ha mo0oe aBmxyieecs Teno ASHCTBYIOT cuiibl TpeHud. llpupona stux
CHJI MOXKET OBITh Pa3IMYHON, HO B pe3ysbTaTe UX JIEUCTBUS BCEra MpPOUCXO-
JUT MPEBPALICHNE MEXAHUYECKON SHEPTUU BO BHYTPEHHIOK SHEPTUIO TPYLIUX-
Csl T€JI, T. €. SHEPTHUIO TEIIOBOI'O JIBM>)KEHUS YACTHIL.

B MexaHuke pa3nnuaroT JBa BUIA TPEHUA: GHeuiHee, MEKIY TBEPABIMHU
TEJIaMU, U GHYympeHHee, MEKy CIOSIMU KUAKOCTH WIX ra3a. BHEIIHUM TpeHU-
€M Ha3bIBACTCS SIBJICHUE BO3HMKHOBEHHMS B MECTE KOHTAKTa JBYX COIIpUKaca-
FOIIUXCSA TBEPABIX TEJI KACATENbHBIX CHJI, MPENATCTBYIOIIUX OTHOCUTEIBHOMY
NEPEMELLECHUIO 3TUX TeJl. BHeENIHee TpeHne MEXAY ABWKYIIUMUCA IPYT OTHO-
CUTEIBHO JIpyra TelaMu Ha3bIBaCTCs KuHemamuueckum. BHelIHee TpeHue
MEXIy B3aMMHO HEMOJBHKHBIMHU TE€JIAMU HA3bIBAETCS mpeHuem noxos. BHeur-
HEE TPEHUE BO3HUKAECT MEXAY MEPEMEMIAOIMMHUC YHUCTBIMU OBEPXHOCTIMU
TBEPABIX TEJI, @ TAK)KE MEK]Y IOBEPXHOCTSAMM, MOKPHITBIMA OKCHIHBIMH CJOSI-
MU.

[IpakTryecku TpyAHO MOJYYUTh YUCThIE TOBEPXHOCTH. OCTaBIINECS WU
NPWIKIIIINE aCcOPOMPOBAHHBIE TOBEPXHOCTHO aKTUBHBIE MOJIEKYJIBI 00pa3yIoT
Ha TIOBEPXHOCTHU TaK HA3bIBa€MbI€ I'DAHUYHBIE CJIOM, CHJIBHO BIUSIOIIME Ha
npoliecc TpeHus. B 3Tom cilyyae BHEIIHEE TPEHUE MOKHO Ha3BaTh cPAHUUHbBIM
mpenuem.

B 3aBucumocTH OT XapakTepa OTHOCUTEIBHOTO [BUKEHUS Pa3inyaroT
MmpeHue CKOIbICeHUsl, BO3HUKAIOLIEE MPU MOCTYNATEIbHOM IEPEMEICHUN
(CKOJNBKEHUN) OJHOTO TEJIa 10 MOBEPXHOCTHU JIPYTOr0, U mpeHue KaueHus, Bo3-
HUKAIoIIEee TOrAa, KOT1a OJHO TEJIO KATUTCS 110 TOBEPXHOCTH APYIOro.

Tpenue noxkost

Ecnu x moxosimemycst Teny IPWIOKNATHh CUILY, IBITAsICh CABUHYTH €0 C
MECTa, HO IIPX 3TOM TEJIO OCTAETCA B IIOKOE, TO BHEIIHSA CUJIA YPaBHOBEIINBA-
€TCA CWJIOW TpeHMs NMOKos. [Ipy yBenInueHurn BHENIHEW CHIIBI CHJIa TPEHUS I10-
KOsl TOXKE yBEIIMYUBAETCS JO HEKOTOPOI0 MaKCUMAJIbHOTO 3HAYECHUS

E=uN, (1.26)

rae N — cuima HopMaJbHOTO TAaBIICHHUS; Lo — KOODPUITUEHT TPEHUS TOKOSI.
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JlanHO€ cooTHOIIEHHE ObUIO AKCIIEPUMEHTAIBHO MONYy4YeHO /. Amonmo-
HOM, 3aT€M MOATBEPKJEHO U 00001eHo [Il. Kyronom M HOCUT Ha3BaHUE «3a-
Kkon Amonumona — Kynonay.

IIpu BennuuHe BHemHel cunbl F > F Teno mpuxoaut B [BUKEHUE, U B

ATOM CIIy4ae Hy»HO pacCMaTpUBaTh TPEHUE CKOJIbKEHUS.
TpeHnue ckobKeHUs

OCHOBHBIM 3aKOHOM JJIsSI CHJIBI TPEHMS CKOJIBKEHUS TAKXKE SBIIAETCS 3a-
KOH AMOHTOHA — KyJioHa, yTouHéHHbIN b. B. /lepseunsim:

F,=u(N+PS,), (1.27)

rjae | — Ko3(pGUIUEHT TPESHUS CKOIBKEHUs (IIPH MaJIbIX CKOPOCTAX U= [lg), N —
CUJIa HOPMaJIbHOTO JaBjieHus, Py — ynenpHas anare3us (cuia npuivnaHus, OT-
HecEHHAas K eIMHULIE TUIOMAAM), So — IUIOL[aAb HCTUHHOT'O KOHTAKTA.

[TpousBenenue PoSo Ha3pIBaeTCsl TaHT€HCAIbHOM aare3ueil. [lpu nynesoi
Harpy3ke Cujia TPEHHUs ONpPEeNeNsieTCs MOJEKYJSIPHBIMU CHUJIaMHU MPUIAIIAHUS
MOBEPXHOCTEHN — UX aAre3ueil.

Kak Buano u3 ¢opmyn (1.26) u (1.27), cuina TpeHHs ONpeaeaseTcs: Ko-
s durrieHTOM TpeHHus. DKCIEPUMEHTaIbHO YCTAaHOBJIEHO, YTO BEJIMYMHA KO-
s duirienTa TpeHUsT 3aBUCUT OT MaTepHasa MOBEPXHOCTEH, MX MUKPOT€OMET-
pudecKoro npogusi, Ta30BOM cpebl U OT MHOXKECTBA IPYTUX (PaKTOPOB.

Tpenune kaueHust

[IycTp 0 TBEPAON MOBEPXHOCTU IMEPEKATHIBACTCS

TEJIO, Hampumep HuauHAp win map (puc. 1.5). Jlomy- ( F
CTHM, YTO: A
1) Teno kaTturcs Oe3 mpocKamp3biBaHMA, Torma (O "
CKOpPOCTH LICHTPA Macc paBHa Puc. 1.5
Ve =0R, (1.28)

r7e ® — YriaoBas CKOpOCTh, R — pajauyc KaTka;

2) TEIo W IUIOCKOCThH SIBIISFOTCS aOCOJIIOTHO KECTKUMH, T. €. TEJIO HE
nedopMUpyeTCs, a KacaeTcs ITOCKOCTH B 0JJHOM Touke O (TOYCUHBIM KOHTAKT),
TOrJJa MOMEHT CHJIbI Tpe€HUSI My, OTHOCUTENIBHO LIEHTPA MACC U CHJIa TPEHUS Frp
CBSI3aHBbI COOTHOIIICHUEM

M. =RF,. (1.29)



14

Jlerko nokasatb, 4TO B NPUHATOW MOJEJIM CUIa TPEHUS HE COBEPIIACT
paboThl. DneMeHTapHast paboTa CHIBI TPEHHS NpPU TOBOPOTE Ha yrox do 3a

Bpems dt paBHa M, de=M wdt, a aaeMeHTapHast paboTa CHIIBI TPEHUS HPU
CMCIIICHWHU IIeHTpa Macc Tena Ha dS 3a Bpems dt paBHa —F_ ds=-F v dt.

CremoBaTellbHO, MOJIHAS DJIEMEHTapHas paboTa CHIIbI TpeHus 3a BpeMs dt pas-
Ha
dA, =M o—F, v )dt. (1.30)
N3 popmysl (1.30) ¢ yuérom cootnomenuit (1.28) u (1.29) nonyunm:
dA_ =0.

DTOT pe3yabTaT FTOBOPUT O TOM, YTO NPHUHSATAS WCATU3AIHNS HE OTBEUACT
¢dusnyeckoi peanbHOCTH. Ha camMoM Jienie B mporiecce IBHKCHHS TEJIO B3aUMO-
JCHCTBYET C IUIOCKOCTBIO, MOITOMY €r0 MEXaHHUYECKas dHEPrusi A0DKHA yObI-
BaTh, a 3TO 3HAYUT, 4TO cooTHOIIeHUs (1.28) 1 (1.29) MoryT ObITH BEpHBI JIHIIIb
HACTOJIBKO, HACKOJIBKO MOYKHO TMpeHeOpedh paccerBaHUEM DHEPIHH.

JIonmycTHM, 94TO UMEET MECTO cllaboe MPOCKaIb3bIBaHHE, TOT1a CKOPOCTh
To4ek KacaHud (Touka O Ha puc. 1.5) kaTka (CKOpOCTh MPOCKAJIL3bIBAHUSI) PaB-
Ha

U=v.—oR, u<<v,. (1.31)

ByneMm cuuTtaTh CripaBeIIMBBIM HPEAMONIOKECHHE 00 aOCOMIOTHON KECT-
KOCTH IIapa W TOBEPXHOCTH, a 3HAYWT, M CIpaBeIUBbIM Bhipaxenue (1.29).
Torna, yuutsiBas (1.29), (1.30) u (1.31), moy4aem COOTHOILICHHUE:

dA, =-F_udt.
[TycTh moxa aeiicTBueM mocTossHHOM cuiibl F (cM. puc. 1.5) mentp macc

KaTKa ABHIKCTCA I'OPHU30HTAJIBHO C IIOCTOSIHHOM CKOPOCTBIO V(. Torz[a KHMHCTH-

yecKas SHEPrHs Tejla IOCTOsHHA, W pabora cuiasl F 3a Bpems dt pasua
dA=Fv_dt u xomnencupyercst paboTOH CUIBI TPEHUSL:
dA_ +dA=0,
b (1.32)
—-F u+Fv.=0.

Tak Kak LEHTp Macc Tejia ABUKETCSA C MOCTOSIHHOM CKOPOCTBIO, TO BEK-

TOpHAsi CyMMa CHJI, IEUCTBYIOIINX Ha TEJO, H0JKHA OBITh paBHA HYJIIO
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I_f + E’I‘p.Ka‘l. = 0, (1 33)
F = FIp.Kaq.’ .
r71€ Fipxau, — CHIIA TPEHUS KQUECHHUS.
N3 popmyi (1.32) u (1.33) cnenyer:
FTp.Ka‘I. = I:Tp i ' (134)

Ve
[IpakTuyeckn 4YacTo peanusyercs ciydaid, Korja TpEeHHE KayeHHs OT
CKOPOCTH TeJla He 3aBUCUT. BUIHO, 4TO B 3TOM Cily4ae CKOPOCTb MPOCKAIb3bI-
BaHUs MPOMOPIMOHATIEHA CKOPOCTH Tea:
u=evg,
rie € — KO3 GUIMESHT MPONOPIUOHATBHOCTH (00BIYHO £<<1).
CornacHo 3akoHy AMonTOHa — KynoHna, cuiia TpeHus CKoJibKeHusi 0e3

ydera anresuu pasHa F_=uN . Toraa

. —euN =KN, (1.35)

Tp.a,
rae K =gu — ko GUIMENT TPEHHS KaueHHS.

CymiecTByeT TakXke IPYyrod MexaHW3M OOpa3oBaHUS TPCHHs KaueHHUS,
CBSI3aHHBIN C jJedopMarell KaTsImerocs Teia WiId MOBEPXHOCTH, TI0 KOTOPOM
KaTUTCs Teno. BemencTeue aeopmariiu miedo CUilbl TPSHHS HEMHOTO MEHb-
IIe, 4eM I ciydasi aOCOJIOTHO JKECTKOro KOHTakTa. [1oaToMy MOXXHO OCTa-
BUTH cooTHoInenne (1.28), HO cunMTaTh, YTO YCIOBUE 2 HE BBHIMOJIHACTCS H 3a-
BUCUMOCTb M€Ky MOMEHTOM CHJIBl TPEHUS U CHIION TPEHUS HMEET BUJI:

M, =AF R, (1.36)

r7ie A — HEKOTOPBIN MOCTOSTHHBIN Kodh purment (A<1).

Tak kak Temo WIM TUIOCKOCTh HECKOJBKO IehOPMHUPYIOTCS, MOITOMY
TUICYO CHJIBI TpeHUs AR HEMHOT0 MEHBIIE, YeM IS CIIy4ast aOCOIOTHO KECT-
KOTO KOHTakTa. THNUYHOEC 3HAYCHHE KOIPQPUIIMCHTa TPEHUS CKOJIBKCHUS

u~0,1, a ko pumenTa Tpenus kauenus K~(102 — 1073).
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2. JIabopaTOpHBIHA NPAKTUKYM

JlabopaTopnasi padora 1

N3yyenne ABUKEHUS TeJI 110 HAKJIOHHOM IJIOCKOCTH

Heap padoTbI: M3yyEHUE ABMKEHUSA TN IO HAKIOHHOW IUIOCKOCTH,
AKCHEPUMEHTAIBHOE OIPEIEICHNE 3aBUCUMOCTH YCKOPEHUS OT yTIila HAKJIOHA
IUIOCKOCTH; BbIUMCIIEHHE KOX(P(UIIMEHTa TPEHHUS CKOJIbKEHHUS; ONpeliesieHue
YCJIOBHH, ITPU KOTOPBIX BO3MOYKHO JIBUKEHUE METOJIOM YHCTOrO KAYECHHS U Ka-
YEHUS CO CKOJIbKEHUEM.

IIpuGopsI 1 NPUHANIEKHOCTH. MAKET SKCIIEPUMEHTAJIbHON YCTaHOBKH,
COCTOSIIIUI U3 HAKJIOHHOM TUIOCKOCTH, 3JEKTpOHHOro cekyHaomepa COII[-100

¥ Habopa uccieayeMbIX Tel (MIapuK, MUITHH/D).

9J1eMeHThI TCOPUH XU METOA IKCIIEPUMEHTA

HpI/I BpalllICHHUH TCJIa BOKPYT HCHO}IBH)I(HOﬁ OCH MTHOBEHHAas JMHEHHas

CKOPOCTb JI00OH TOYKHM 3TOro Tena paBHa v, =[®,F], rie ¢ — yriopas cKo-

pocTh, I — pagryc-BEKTOp, MPOBEICHHBIA U3 OCH BpAIIEHUS B JaHHYIO TOUKY.
Ha puc. 2.1, a noka3aHo, Kak paclpeeleHsl TMHEHHbIE CKOPOCTH V; TOUYEK Te-
na, nexanux Ha npamor OO'. Ock BpamieHus: MpoxoauT yepe3 Touky C mep-
NCHIUKYJSIPHO K IIOCKOCTH dYepTeka. BEKTop @ pacmlojoXeH BIOIb OCH
BpAIICHUS ¥ HAMIPABJICH 32 YEPTEXK.

0 O

PELLTT TV

O’

Puc. 2.1
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CioXHOE TUIOCKOE ABWKEHHE, HANIPUMEDP IBHKEHUE KaTALIErocs Telna,
CIeAYyEeT pacCMaTpPUBATh KAK CYMMY JABYX ABMKEHHU — BpallaTE€IbHOIO BOKPYT
ocH, Impoxonsauiet yepes ueHTp macc C, ¥ IOCTyNaTeIbHOTO JBUKEHUSA CO CKO-

pocThiO V. LeHTpa Macc (puc. 2.1, 6). B aToM city4yae, B COOTBETCTBUH C IIPHH-

LUIIOM CIIOKEHHSI CKOPOCTEH, JTIMHEHHBbIE CKOPOCTH TOYEK Tejla OyIyT paBHBI
BEKTOPHOW CyMME€ CKOPOCTEM, KOTOPbIE OHM MMENU MPHU BpaLIaTEIbHOM JIBU-

KCHHNU I7i , 1 OJIMHAKOBOM IJIA BCCX TOYCK TCJIa CKOPOCTHU I7C MOCTYIIATCIIBHOTO

JIBUKCHUS TIEHTPA Macc:
V=V +V.. (2.1)
Ha puc. 2.1, 6 nokazaHo pacnpejaesieHie ckopocteit Baoipb npsmon OO’
B Cllydae, KOTJla CKOPOCTb B TOYKE CONPHUKOCHOBCHHUS Teja W TOBEPXHOCTH
paBHa 10 MOJIYJIF0 CKOPOCTHU V¢ ABMKEHUS LIEHTPa Macc:
vV, =—V,. (2.2)

Torma, B coorBercTBUU ¢ (2.1), pe3yabTHpYIOIIas CKOPOCTh TOYKH CO-

IPUKOCHOBEHHMS TeJla C TUIOCKOCThIO OyAeT paBHa HY 0. Clie10BaTebHO,
V.= ®R]. (2.3)

PaBeHCTBO HYJIIO JIMHEWHON CKOPOCTH TOYKU CONMPUKOCHOBEHUS TPHU Ka-
YEHUM Teja MO IUIOCKOCTA O3HAyaeT OTCYTCTBUE CKOJIbXEHHS. B cBoro oue-
pellb, 3TO BO3MOXKHO JIMIIb MPU ONPEACICHHBIX 3HAUEHUSIX CUIIbI TPCHHUSI.

OnpenenuTs ycaoBHs, MPU KOTOPHIX BO3MOYKHO YHCTOE KadyeHUE, U KO-
r1a KauyeHue OyJIeT MepexoIUTh B KAUCHUE CO CKOJIBKCHHEM, MbI ITOITBITAEMCSI
Ha TpUMEpE IBIDKCHHS IIapa 1O HAKIOHHOMW IIOCKOCTH. JIroOoe ABMIKECHHE
TBEPJIOr0 TEJa MOKHO MPEJACTABUTh KaK CYIEPIIO3UIIAIO IByX OCHOBHBIX BUJIOB
JBIDKCHHSI — TIOCTYIIATEeJIbHOTO M BpamareabHoro. Pa3zdepem cHavaia TOJIBKO
MOCTYIATEIbHOE JBHKEHUE Tea.

PaccMoTpuMm  Teno, Haxojmsiieecs Ha
HAKJIOHHOM TJIOCKOCTH, COCTABJISIONIEN C TOpH-
30HTOM yroj o (puc. 2.2). Ha Teno aelcTBYIOT:

cuia TshkecTd MY, cuila HOPMaJbHOM peakiuu

omopel N wm cwmma Ttpenus F.,. Ecou Ttenmo

CKOJIB3UT II0 HAKJIOHHOU IINIOCKOCTH, TO CHJIA
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TPEHUA — 3TO CHUJIa TPCHUA CKOJILKCHHA:
I:Tp =uN, (2.4)

rae | — Ko3(pGUIHUEHT TPEHUS CKOJIbKEHUS.
Ecnu xe Teno mokouTcs, TO CieAyeT paccMaTpUBaTh CHILY TPEHHS MO-
KOS Frpnoc.. B COCTOSIHUM MOKOSI BEKTOpHAsi CyMMa BCEX CHJI, IEUCTBYIOLIMX Ha

TCJI0, paBHAa HYJIIO!:

mg + N + l_:.'rp.nmc = O . (25)
[IpoexTupys 3T0 ypaBHEHHUE COOTBETCTBEHHO Ha ocH X U Y, TOJTy4aeM:
F =mgsina,
R g (2.6)
N =mg cosa.

Kak BugHO u3 (2.6), cuia TpeHUs TOKOS YMCIICHHO PaBHA MPOCKIIMH
cuibl TskecTH Ha och X. C yBenTMUYeHHEM yTiia HAaKJIOHA oL BEJIMYMHA TPOEKIIUU
CWJIBI TSDKECTU PACTET, CIE0BaTeNIbHO, OyI€T PACTH U BEJIMYMHA CHUJIBI TPEHHUS

ITOKOA. HpI/I HCKOTOPOM VYTJIC HAKJIOHA O CUJIa TPCHHUA IMOKOA JOCTHUIdCT MAK-

CHMANbHOTrO 3Hauenus F_ =pN, Torma, cormacuo (2.6)
umg cosa,, =mgsina, . (2.7)
Otcrona
tgo, =p. (2.8)

[Tpu manpHEWIIEM yBEIWUYEHUH yriia HAKJIOHA TEJIO HAYHET CKOJB3UTh
110 HAKJIOHHOM IJIOCKOCTH. B 3TOM cilydae ypaBHEHHUE JIBIKEHUS Tella
ma=mg+N +F . (2.9)
[Ipoextupys ypaBaenue (2.9) Ha ocu KOOPAUHAT M peliast MOJIYYCHHYIO
CUCTEMY ypaBHEHHWH, IMOJIydaeM BBIpaKCHHE JIJII YCKOPEHUS Teia, MOCTYyIIa-
TEBHO JBMIKYIIIETOCS IO HAKIIOHHOM TIOCKOCTH:
a=g(sina—pcosa). (2.10)
Ha puc. 2.3 npeacraBiena 3aBUCUMOCTh YCKOPEHHS TeJa, JBUKYIIIETO-
Csl TI0 HAKJIOHHOMW IIOCKOCTH, OT yTIJla HAKJIOHA NP PA3IMIHBIX 3HAYCHHUSIX KO-
sbdunrenTa TpeHUs CKONBKEHUS . YBenumdeHue KodpduimeHta TpeHUs
CKOJIBXKCHUS BEACT K YBEIUYCHUIO 3HAYCHUS MAaKCHMAJLHOW CHJIBI TPCHHUS, U,
KaK CIIeJlyeT U3 MPUBEICHHOTO TpaduKa, TeJI0 HAYMHAET CBOE MOCTYMATEIbHOE

ABHKCHHUC ITPH 0OIBIINX yrilaX HaKJIOHaA IINIOCKOCTH.
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10

(@)}

a, Mm/c

oL, Tpa.
Puc. 2.3

B }IaHHOfI Ha60paTOpHOﬁ pa60Te B Ka4CCTBEC OKCIICPUMCHTAJIbHOI'O TCJ1a

CHayajia MCIOJIb3yeTCsl CTATbHON IUIUHIP, KOTOPBIA MOXKET CKOJIB3UTh BIOJIb
HAIPABJIAIONIETO kKeno0a. YBenuuuBas yroj HakJIOHA IUIOCKOCTH, HYXKHO 3a-
(¢uKcHpoOBaTH Yrojl HAaKJIOHA Olo, COOTBETCTBYIOLIUN Havaly NBUXKEHUS LUJIUH-
Ipa, U MO STOMY 3HAYEHUIO OINpPEACIUTh BEIWYUHY Kod(duimeHta TpeHUs
ckoybkeHus. Teno, uMerolee MOBEPXHOCTh BpalleHus (Iap Wiu IWIMHID),
MOJKET TMepeMeNIaTbcsi TpeMs CIIOoCO0aMM: CKOJBKEHHs, KaUeHHUs] M CKOJIbXKe-
HUS U KayeHus. TpeHue MexIy TeJOM M IUIOCKOCThIO BO3HHUKAET B TOUKAX UX
COTPUKOCHOBEHHUS.

Kaxk 0p1710 1MoKa3aHo BbIIIE, MPU Kau€HUU 0€3 CKOJBXKEHUS JJII CKOPO-

CTH LCHTPA MACC TCJIda OTHOCHUTCIIBHO IINIOCKOCTH MOJKHO 3alluCaTb COOTHOLIC-

HUE
V. =oR. (2.11)
Tornma yckopenue
dv. do
a=—%=—R=¢R, 2.12
dt dt (2.12)

I7Ie € — yIII0BOE YCKOPEHWE BPAIATeILHOTO JBIKCHUS TEIa BOKPYT OCH, TIPO-
X0Jis11Iel uepes 1eHTp macc; R — paanyc kaTka.

VYpaBuenus (2.11) u (2.12) npencraBisioT co00i MaTEMaTHYECKYIO 3a-
MTUCh YCIIOBUM KadeHUs Tena 0e3 CKobkeHus. [I0CKOIbKyY Teno ABMKETCs CIo-

coOOM KaueHHUsi 0€3 CKOJIbKEHHUS, YKa3aHHas Cujia TPEHHUS €CTh CHUJIa TPEHUs
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TOKOsI, KOTOpasi, KaK OBLIO MOKA3aHO BBILIE, OAYMHSCTCS yCaoBuO F_ < pN

WIN
F, <umgcosa. (2.13)
JIBMJKEHHE LEHTPAa MAacC KaTSAIIErocs
IapUKa TOAYHMHAETCS BTOpPOMY 3akoHy HbroTo-
Ha (puc. 2.4):
ma=mg+N +F . (2.14)

Bpamenue miapuka OTHOCHUTENIBHO OCH,
Puc. 2.4 MPOXOJISIIEH Yepe3 LEHTP MAacC, ONUCHIBACTCA
OCHOBHBIM 3aKOHOM JTWHAaMHK{ BpaliaTeIbHOTO

JABHKCHMUA:

le=M, (2.15)
rie €=a/R — yrioBoe yckopeHHe IIapuKa OTHOCUTEIBHO OCH, MPOXOJSIIEH

yepe3 1HeHTp macc; | — MomeHT uHepuuu mapuka, M — pe3ynbTupyronmi Mo-
MEHT CHJI, JEMCTBYIOIINX Ha IIAPUK.

[TocKONBKY pe3yJbTUPYIOMINIT MOMEHT CHJIbI TSIKECTH M CHJIBI HOp-
MaJbHOM peaKkuy OMOpPbl OTHOCUTEIBLHO OCH BpAILICHMS IIapUKa PaBHBI HYJIIO,
TO BpalleHUe Iapuka OyJeT 0O0YCIOBJIEHO TOJIBKO MOMEHTOM CHJIBI TPEHHUS:

M_ =F R. Torna, cornacuo (2.15), mony4aem:

a
IE:FTPR' (2.16)
Otkyna
a
F,= o (2.17)
YpaBuenue (2.14) B mpoekuu Ha och X (cM. puc. 2.4) UMeeT BU:
ma=mgsina.—F,_. (2.18)
[Tpu coBmecTHOM pemieHnn ypaBHeHui (2.17) u (2.18) momygaem:
mgsinao
m+1/R? (2.19)

Y4uTBIBasA, YTO MOMEHT MHEPIMHU | Mapruka OTHOCHTEIBHO OCH, IIPOXO-
o 2
ASIIeH Yepe3 ero IEHTP Macc, paBeH (2/ 5) MR®, mosgy4aeM BbIpaKE€HHE IS

YCKOPCHUS:
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azggsina. (2.20)

U3 tex xe ypaBHenwuit (2.17) — (2.20) monydaem:

mgsina 2 :
=—2> ~ —“mgsina. 2.21
P 1+mR%1 7 gsina (2.21)

Teneps u3 coornomenuit (2.13) u (2.21) MOXKHO MONYYHUTH YCIOBUE, TIPU

KOTOPOM BO3MOHO KaueHHE 0€3 CKOJIbKEHUS:
2 :
7mg SInoL < pumg cosa

nIn
.
tga<op, (2.22)

Ecmn tga >(7/ 2) L, TO CKaTbIBAHUE IPOUCXOAUT CO CKOJIBKEHHUEM.
VYron HakJIOHA IJIOCKOCTH COlo, TPU KOTOPOM Kad€HHUE MEPEXOJUT B KAUYEHUE CO
CKOJIb)KEHUEM, OIPENENIeTCs YCIoBUeEM tgo, > (7/ 2) w. 3Has yroi oo, MOXKHO

OLOCHUTH BCIIMYNHY KOB(i)(bI/IHI/IGHTa TPCHUA CKOJIBKCHUSA:
2
u="1go,. (2.23)

[Ipu yrmax HakiaoHa, Oau3KuX K 90°, IBMKEHHE MOXKET MOJHOCTBIO Ie-
PEXOIUTH B CKoNbxkenue. Torma yckopenue onpenenserca ypapaenuem (2.10).
Ecnu TpeHue mano, To a=gsina.

IToCKONBEKY peanbHOE ABMKEHHE IIApPUKa SBISETCS OIHOBPEMEHHO MU
BpAIATENILHBIM, U CKOJB3SIIMM, TO 3HAYEHUS YCKOPEHUS JOIKHBI HAXOAUTHCS

B IIpeaeiax
%gsinasaSgsina. (2.24)

Ha puc. 2.5 n3obpaxensl ase Teopetnueckue kpusbie a= f (o), coor-
BeTCTBYIOIHE uucmomy ckoavoicenuro (1) u uucmomy xauenuro (11). Iloctpous
Ha 3TOM K€ TpaduKe KPHBYIO DKCIIEPUMEHTAIBHONW 3aBHCHMOCTH YCKOPEHUS
apyKa oT yrjia HakjioHa miockoctu a= f (o), Moxkno onpenenuts ananaso-

HBI YI'JIOB HAKJIOHA, IIPH KOTOPLBIX IIAPHUK ABHMKCTCA MCTOAOM KAa4CHHA U MCTO-

JOM Ka4CHHA CO CKOJIBXCHHCM.
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10
81 I
11
(“IS-\)‘ 6 |
=
S 4l |
[-gsina
o I - (5/7)g sina
0 10 20 30 40 50 60 70 80 90
oL, Tpaj.
Puc. 2.5

Ecnau skcriepuMeHTalIbHBIE TOYKHU JICKAT I10J] BTOPOW KPHUBOM, TO 3TO
03HA4yaeT, uyTo TMPH JIAHHBIX YIJIaX HAKJIOHA IIOCKOCTH IIApPHUK JBUKETCS METO-
JIOM 4hCTOrO KaueHus. Eciu skcrnepuMeHTanbHbIe TOYKU TOTAJal0T B 00J1aCTh
MEX/1y TIepBOM U BTOPOW KPUBBIMH, 3TO OyJ€T O3HA4aTh, YTO IIAPUK JBUKETCS
METOJIOM KaueHUs U CKOJIBKEHHs OJJHOBpeMEeHHO. Toraa yroi oo, Ipu KOTOpOM
KayeHUe MePEeXOAUT B KaU€HUE CO CKOJIbKEHHEM, MOKHO OTIPEIEIIUTD 110 TOUKE

nepeceueHus SKCIePUMEHTaIbHON KpUBOi ¢ KpuBoii |1.

Onucanue 3KCNEPUMEHTAIbHOM YCTAHOBKH

DCKHU3 AKCINEPUMEHTAIbHOW yCTAaHOBKM MOKa3aH Ha puc. 2.6. Ha ropu-
30HTAJILHOM OCHOBaHUU | pacmoyiokeHa HAKJIOHHAS IUJIOCKOCTh 2 C HAIpaBiIs-
IOIMM KaHajioM B Buje >kenoOa. [lnockocTh MOkeT (PUKCHUPOBATHCS OTHOCH-
TEJIbHO OCHOBAHUS IO 3aJlaHHBIM YIJIOM HAaKJIOHA, U3MEPSIEMBIM IO IIKaje 3.
Uccnenyemoe teno 4 (UMIUMHAP WIM WAPUK) YAEPKUBAETCA B UCXOAHOM CO-
CTOSIHUU C MOMOIIBIO AJIEKTPOMAarHura 5. JJEeKTPOMArHuT MOKHO MEPEIBUTaTh
Ha J1000oe Tpedyemoe pacCTOsSHUE BIOJb IUIOCKOCTH, OCHA0JIsAS KpETeKHBIH
BUHT. OTCUET BPEMEHHU JBHXKEHUSI T€Ja MPOU3BOJUTCS DJIEKTPOHHBIM CEKYH-
nomepom 6. Knornka «Ilyck» Ha nepenHeil maHenu ceKkyHaomMepa 00eCcTOUnBaET
AJIEKTPOMArHUT U OJJTHOBPEMEHHO BKJIIOUAET OTCYET BpeMeHu. OcTaHOBKa cue-

Ta BPCMCHH OCYHICCTBIIACTCA C IIOMOIIBIO pbIdara 7, 3aMBIKAOIICIO COOTBECT-
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cTBytonnii koHTakT. Knonka «COpoc» mpenHa3HaueHa aJisi OOHYJIEHHs MOKa-

3aHUM CEKyHIO0MEpa.

CETb CBPOC /

Puc. 2.6

IMopsaaok BINOJITHEHUS] PA0OTHI

3aganue 1. M3yyenue noctynaTebHOrO IBUKEHHUS Tea.

1. TlomecTuTe HMWJIMHIpP HA CEPEANHY HAKIOHHOM MJIOCKOCTH.

2. MenneHHo yBenMuMBas yrojd HAKJIOHA IJIOCKOCTH, U3MEPHTE YTOJl
0lo, IPY KOTOPOM IIMUJIMHJIP HAYHET CKOJIB3UTh BHU3 MO HAKIOHHOM TUIOCKOCTH.

3. MHUcmonssys dopmyny (2.8), Beruuciute BeauuuHy Kod(dduimeHTta
TPEHUS CKOJIbIKECHHUSI.

4. VYcTaHOBHUTE dJEKTPOMArHUT HA PACCTOSHUE OT OCHOBAHMS )Kenooa,
MpEeABAPUTEIBHO 33/IaHHOE MPENOJABATEIIEM.

5. Bxirounte nuTaHue ceKyHIoMepa HakaTheM KHONKH «CeTb», mpo-
rpeiTe npudop B TeueHUe 3 — 5 MUH.

6. VYcranoBure peruar 7 (cMm. puc. 2.6) B UCXOIHOE TOJOKEHHUE — TIEp-
MEHUKYJSIPHO K OCHOBAaHUIO HAKJIIOHHOTO KeJio0a.

/. YCTaHOBHTE YroJ HaKJIOHA IJIOCKOCTH O > O, .

8. IlpukpenuTe MUIUHIP OCHOBAHUEM K DJIEKTPOMATHHUTY.

9. OOHynwTe MOKa3aHUs CEKyHAOMepa HaxaTueM KHomku «COpocy.
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10. Haxxmure kHonky «Ilyck».

11. 3anumure B TaOnMIy BpeMs ABMKEHUS LWJIMHApPA MO MOKA3aHUIO
CEKyHJIOMepa.

12. TloBropute uamepenus no nm. 6 — 11 npu Apyrux yriax HakjIoHa
MJI0CKOCTH.

13. PaccuuTaiiTe ycKOpeHH€e NBUKEHUS Tela 1o Gopmyie

a=2 (2.25)

21
t)
raie | - paccTostHue, MPoXoMMOe TENIOM 110 HAKJIOHHOM TJIOCKOCTH, (t) — cpel-

HEE BpPeMsl JBUKCHUS.
3ameuanue: | = L —h, rae L- paccTosiHue oT ocHOBaHUs *keio0a 10
3JIEKTpoOMarHuTa, h — BeICOTA IMIIMHIPA.

14. TlocTpoiiTe rpaduk dKcIepuMeHTanbHol 3apucumoctr a= f (o). Ha

3TOM K€ TpauKe MPOBEIUTE TCOPETHUUCCKYIO KPUBYIO, PACCUUTAHHYIO IO
dopmye (2.10).

3aganue 2. M3yyeHue BpamareabHOTO ABUKEHUS TeJa.
YcranoBute yros HakiaoHa o =10°.

YcTaHoBUTE 1IapUK B UCXOIHOE TOJIOKEHHE.
OO6nHynuTe oka3zanus KHOMKON «COpocy.

Haxwvure kHonky «Ilyck».

ok b

3anuimuTe BpeMs JBUKCHUS.

6. Menss yron HakioHa o yepe3 5° wiu 10° (Ha ycMOTpeHue npemnoja-
BaTeJIsl), TOBTOPUTE U3MEPEHHUA MO M. 2 — .

7. PaccuuTaiiTe ycKOpeHUE JBIKEHUS Tena 1mo ¢popmyie (2.25), npuHsB
| =L—d, rae L — paccTosinue oT ocHOBaHMS ske100a 0 3JIeKTpoMaraura, d —
JIUaMETp Iapa.

8. TlocTpoiiTe rpaduk sxcnepuMeHTanbHOM 3aBucumoctn a= f (o). Ha

O9TOM XK€ rpa(bHKe MMPOBCAUTC ABC TCOPCTHUUCCKHC KPHUBLIC, PACCHHUTAHHBIC IIO

bopmymam a=gsina u a=(5/7)gsino.
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9. Ilo skcnepuMeHTaNbHONW 3aBUCUMOCTU ONPEETUTE Yo Clo, IPU KO-
TOPOM KauyCHHE MEPEXOJUT B KAUCHUE CO CKOJBXKECHHEM, U 1o Gopmyie (2.23)

paccuuTaite Kod(pGUIHEHT TPEHUS CKOJIbXKECHHUS.

Tabuua IKCepUMEHTAIbHBIX JAHHBIX

oL, Tpal. ty, ¢ ts, C (t),c a, m/c?

Pacuer morpemrHocTH U3MepeHu

1. CucremaTnyeckas IIOIrpC€IIHOCTD U3MEPCHUSA NJIMHBI.

A
— iO,SMM ’ c — L.cucm. .

I.cucm. \/§

2. Cp@}IHeKBaHpaTH‘IHaH cnyqaﬁHaﬂ IOrpC€IIHOCTh U3MCPCHUA BPCMCHH .

A

|.cucm.

2 2 2
c c
o, =(a) || =+ | + L,
a < > ( I j <t>
rne <a> = 2l/<t>2 1 6 =0t O1 =0 cuem.*
4, AGCOITFOTHAS TTOTPEITHOCTh H3MEPEHUS YCKOPCHUS:
Aa = Gatc !
rae kodddurment CteronenTta tc= 2,78 npu P=0,95 u n=5.
5. OTHOCUTENBHAS TTOTPEIIHOCTh U3MEPEHUS YCKOPEHUS:
S, = A,
(a)
6. OKOHYATEIBHBIN pPe3yIbTaT:
a=(a)+A,, 8,=..% P=095.

100 %.
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BOIIpOCbI U 3a/1aHUsA 1JIsl CAMOKOHTPOJIA

1. Yrto Takoe cuia TpeHUs MOKOS ¥ CHJIa TPEHUS CKOIbKEHHUS ?

2. Ha HaKkJIOHHYIO TUNIOCKOCTh C YIJIoM HakjgoHa o.=30° MOJOXUIH TEI0
Maccoi 2 kr. OnpenenuTe CWIy TPEHHs, NEHCTBYIOIIYIO Ha TENO, €CIIU KOd(d-
(ULUEHT TPEeHUs MEX]y TeJIOM U TuiockocThio pn=0,8.

3. Boseaure dopmyny (2.20), npumeHssi OCHOBHOHM 3aKOH JHHAMUKHU
BpAIllaTEIbHOTO ABUKCHUS.

4. Bwiseaurte Gpopmyny (2.20), npuMeHsist 3aKOH COXPAHEHUS SHEPTHH.

5. Tlonmyuute BeIpak€HUE NJisi YCKOPEHUS IIEHTpa Macc LMWJIMHIpPA, Ka-
TSAUIETOCs 10 HAKJIOHHON MIOCKOCTH.

6. Omnpenenute 1UIsl UMIMHAPA YCIOBUE, NP KOTOPOM KadeHUE Iepe-

XOOUT B KAUYCHHUEC CO CKOJIBXKXCHUCM.

JlaGopaTopHasi padora 2

N3ydyeHue TMHAMHMKH MOCTYNATEIBLHOTO IBUKEHUS TeJIa C
MOMOIIbI0 MAIIIMHBI ATBY/1a

Hean pabdoThl: U3ydyeHHe AUHAMHUKU MMOCTYNATEIBHOTO JBMXKEHUS Tela
B TOJIE CHJI 36MHOT'O TSTOTEHUs, ONpEJeIeHHe YCKOPEHHs] CBOOOJHOrO maje-
HUSL.

IIpuGopbl M NMPUHANIEKHOCTH: MalIMHA ATBYyJa, OJIOK 3JEKTPOHHBIN

®OM-1/1, Habop Tpy30B U MEPETPY3KOB.

J1eMEeHTbI TCOPHUHU XU ME€TOA IKCIICPUMEHTA

JIabopaTopHOE YCTPOMCTBO JIJIsl U3yUCHUS 3aKOHOB JHHAMHUKH JIBFDKCHUS
TEJ B MOJIE 36MHOTO TATOTEHUS ObUIO U300PETEHO aHTIUMHCKUM (PU3UKOM U Ma-
temaTukoM /[orc. Ameyoom B 1784 rony [1]. Habmonenue e npu cBoOOIHOM
NaJICHAN 3aTPYJIHUTEIBHO BCIEACTBHE OOJBIIOTO YCKOPEHUS. ATBY TpEIIo-
KW YCTPOHCTBO (MaIlMHy), KOTOPOE TO3BOJISIET HACTOJIBKO YMEHBIITUTh YCKO-
peHHe, a CleIoBaTelIbHO, U CKOPOCTh, HC M3MCHHUB XapakTepa IMajeHHs, YTO
HAOJTIOJICHUE CTAHOBUTCSI BO3MOXHBIM U JICTKUM.

MamuHa ATBy1a B COBPEMEHHOM MCTIOJTHEHUU U300pakeHa Ha puc. 2.7.
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C
A B
9
4 8
Kuonka 12 2
GGC eTB” ‘_\
] 0 -]
> 10

BNOK 3NEKTPOHHBIN ®M - 1 1

Puc. 2.7

Ha BeptukanbHOM cTOlKE |, MPUKPETUIEHHON K OCHOBaHUIO 2, pacmoJio-
KEHbI JIBa KpOHIITEHA: BepXHU 3 W HWkHHUM 4. Ha BepxHeM KpOHILTEWHE
KPEMUTCS JIETKU OJIOK 5 C y37I0M MOAMIUITHAKOB KauyeHUsl, Yepe3 KOTOPHIH Tie-
pekuHyTa HUTh 6 ¢ rpy3amu A u B Ha koHiax. Ha BepxHeM KpOHIITEHHE TaKxke
HAaXOJUTCS AJEKTPOMArHuT 7, KOTOPBIM NpPHU IOJIa4€ HA HETO HANPSIKEHUS C
MOMOIIBI0 (DPUKITMOHA yIEPKUBAET CUCTEMY C TPy3aMH B HETOJBHKHOM CO-
crosann. K HIDKHEMyY KPOHIITEHHY KpenuTcs GOToAaTInK §, KOTOPHIN BBIACT

BHGKTpI/I‘-ICCKI/Iﬁ CHUT'HAJI OKOH4YaHHA CUYCTa BPCMCHHU PABHOYCKOPCHHOI'O ABHXKC-
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Hus rpy3oB A u B (ecnm Ha rpy3 B monoxen neperpysok C). Ha xopmyce ¢o-
TOJATYUKA HMEETCS] TOPU3OHTAJIbHASI PUCKA, YKa3bIBAIOLIAsl IOJIOKEHUE €ro
onTtuyeckol ocu. HukHUN KpOHIITEHH MOXKET CBOOOAHO MepeMelaTbes |
(uKcupoBaThCS HAa BEPTUKAIBHOU cTOlKe 1 1o Beei ee niuHe. Ha BepTukanb-
HYI0 CTOMKY HaHECe€Ha MWIUIMMETpOBas MIKaja 9, Mo KOTOpOHl OmpenesnstoT
HayaJIbHOE U KOHEYHOE MOJI0KEeHUs Ipy3a B, a ciaepoBarenbHo, U MPOMIEHHBIN
nyTh. [Ipy 3TOM HavallbHOE MOJOXKEHUE Ipy3a ONpPEenesstoT 00 BU3YyalIbHO,
100 ¢ TOMOUIBIO MPSAMOYTOIBHOTO TPEYTOJIbHUKA IO HUKHEMY Cpe3y Ipy3a, a
KOHEYHOE MOJIOKEHUE — M0 COOTBETCTBYIOIIEH MeTke Ha doTtomaTunke. K oc-
HOBAHUIO 2 TpUKpervieHa miacTuHa 10 ¢ pe3nHOBBIM aMOPTU3AaTOPOM, racs-
muM yaap rpy3a B npu nagenun. OcHoBaHUE PACHOJIOKEHO HA TPEX perysiu-
POBOYHBIX oropax 11, Mo3BONSIONIMX yCTaHABIMBATh CTOMKY 1 B BepTUKAJb-
HOE TIoJIoKeHHe. J{1si oTcueTa BpeMEeHHU MCIONIb3yeTCs 3JEKTPOHHbBIN MUJIIUCE-
KyHJOMEp, KOTOPbI BMECTE C MCTOYHUKOM IMUTAHUS DJEKTPOMArHuTa pasme-
IIEH B AJIEKTPOHHOM OJioke 12. DIeKTpOHHBIM OJIOK MUTaeTCs OT CEeTH Mepe-
MEHHOro Toka ~220 B.

[TpuHun paboTel MamMHbl ATBYJa 3aKilo4yaeTcs B cienyromeM. Ecinu
Ha KOHIAX HUTH BUCAT rpy3bl A nu B oguHakoBoil Maccoi, TO cucTema JIOJKHA
HAXOJUTHCS B MOJOKEHUH 0e3pa3nuyHOro paBHoBecusa. Korjga Ha oauH u3 rpy-
30B (HampumMmep, rpy3 B) kmanyTt neperpy3ok C, TO cucTeMa BBIXOJUT U3 I0JI0-
KEHUs paBHOBeCUs U Ipy3bl A U B HauMHaIOT NBUraThCcsi paBHOYCKOPEHHO. B
KOMIUIEKT YCTaHOBKH, TOMUMO TPY30B, BXOJHUT HECKOJIBKO MEPETPY3KOB pa3-
JUYHOW MAaccoil, 4TO MO3BOJISET U3y4YaTh ABUKEHHUE C PA3JIMUYHBIMU YCKOPEHU-
SAMU.

[IpennonoxuB, YTO HUTh U OJIOK HEBECOMBI, HUTh HEPACTSHKUMA, & CHIIA
TpeHus: B OJIOKe Malia, MOJIyduM 3aKOoH ABMkeHHs TIpy3oB A u B. Ilockonbky
Ipy3 M IEpEerpy30K ABMXKYTCS HEPA3PBIBHO, TO COIVIACHO BTOPOMY 3aKOHY
HrroToHa ypaBHEHUE NBUKEHUS MPaBOro rpysa maccoi M BMecte ¢ neperpys-

KOM Maccoii M B MHEPITMAIBHOMN cHCTEMe oTcueTa uMeeT Buj (puc. 2.8):
(M +m)a,=(M+m)g+T, (2.26)
Ir7ie 81 — YCKOpEHHUE MpaBoro rpys3a BMeCTe ¢ Ieperpy3koM, 11 — cuia, aei-

CTBYIOIIAst CO CTOPOHBI HUTHU HA I'Py3 C NEPETPY3KOM.
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AHan0rn4Ho YPaBHCHUC JOBHKXCHHA JICBOI'O

0
rpy3a maccoii M nmeer BUI: 7
Ma, = Mg +T,, (2.27) _
IrZie a2 — YCKOPEHUE JIEBOTO, T2 — CHIIa, IEUCTBYIO- a. T .
1asi Co CTOPOHbI HUTH Ha TPY3. AT,

Mg
[leperumem ypaBuenus (2.26) u (2.27) B

a
HpOGKL[I/ISIX Ha OChb OX: Iﬁ l
(M+m)a,=(M+m)g-T,

(2.28)
—Ma, = Mg -T,.

v ¥ (M+m)g

B cuny HepacTSKMMOCTH HUTH YCKOpPEHHS Prc. 2.8

000HuX TPy30B paBHBI 110 a0CONIOTHOW BEIWYMHE. @, =a, =a. B ciydae Hese-

coMOro 6J10Kka B OTCYTCTBUE TpeHus: T, =T,.

Permast cucremy (2.28) ¢ yueToM c/e/IaHHBIX JOMYIIECHUH, MTOTyYaeM:
m
M9 (2.29)
2M +m
U3 popmynsr (2.29) Buano, uro eciii M >>M, TO yCKOpEHHE a CyIIe-

CTBEHHO MCHBIIC (. Hmenno IMO2TOMY €T0 JICTYC OIIPCACIINTD.

W3mepsast mpolieHHbINM TpaBbIM TPY30M IMyTh S U BpeMs JIBUKEHUS i,
MO>KHO TIPOBEPUTH PAaBHOYCKOPEHHBIN XapaKTep ABMKCHUS Tpy3a:
2
at
S=—-. (2.30)
2
Omnpenenenne yCKOpEHHUsI CBOOOTHOTO MaJleHUs, Ka3aioch Obl, MOXKHO

MPOBECTH Ha ocHOBe Gopmyisl (2.29). IlycTh @, — SKCIIEPUMEHTAILHOE YCKO-

penwe, Berauciaernoe u3 (2.30). [loacrapnsis a, B (2.29), momydaem:
2M +m
g=——4, (2.31)
m
Opnnako Berauciienne g mo ¢gopmyse (2.31) u comocTaBieHne ero ¢ Tad-

JIMYHBIM ITOKAXXYT, 4YTO BBIYHMCJICHHOC H TaOJIMYHOE 3HAYCHHUS § mjiIoxo corJja-

CYIOTCS IpYT ¢ ApyroM. Takoe pacXoJI€HHE CBSA3aHO CO CIACAYIOIIUMU MPUIH-
HaMH.
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1. ®opmyna (2.29) mosydyeHa B IPEANONOKECHUH, YTO CHJIa TPEHUS B
osoke Mana. Ha camom fnene oHa cOCTaBisieT 3aMETHYIO JIOJIO OT BEJIMYUHBI
CHJIBI TSDKECTH — CHJIBI, BBI3BIBAIOIICH JBUKCHHE.

2. Tlpu BeIBOsie (hopMyiibl (2.29) Takke HE YYHUTHIBAETCS MOMEHT WHEP-
i 61oka. Ero yder mpuBeneT K TOMY, YTO PaBEHCTBO CHJI HATSXKEHUS HUTH

He OyJeT BBINONHAThCA, T. €. 1) # T,.

[TonmpoOyeM yuecTh TEOPETUUYECKHU, KaK ATU BEIUYUHBI BUIOU3MEHSIOT
COOTBETCTBYIOIIHNE (POPMYJIBI JIJIs BHIYUCIICHUS BEJIMUUH a U §, U OMUIIIEM Me-
TOAUKY 00pa0OTKHU MOJTYUYCHHBIX PE3YJIbTATOB B KAXKJIOM OTIBITE.

Jlnst 3TOro paccMOTpUM BpaliaTeIbHOE JBWKEHHE OJI0OKa MallluHbI AT-

Byla. OCHOBHOM 3aKOH AVUHAMUKHU BPAIIaTCIIbHOTO IBUIKCHHUA TCJIda UMCCT BU

N, =lg, (2.32)

raie N; — cymMma mpoekiuii Ha oCh Z BCEX MOMEHTOB CHJI, JCHUCTBYIONIUX Ha

Bpalarlieecs TeJo; £ — €ro yriioBoe yCKopeHue; | — MOMEHT uHepIuu Tea.
Hamnpasum ock Z Bosib ocu Bparienus 0yoka. [Ipu n1BrkeHuu rpy30B Ha

0JIOK JEHCTBYIOT Bpallaroludii MOMEHT (Tl—Tz)r U MOMEHT CHWJIBl TPEHUS —

N.p. Torna ypaBaenue (2.32) npumMeT BUA

P

(Tl_Tz)r_N =|6%- (2.33)

3meck yuTeHo, 4to €=a/ r, rae r — paguyc 0110Kka, Il — MOMEHT HHEPIHH
Osioka. OTMETHM, YTO JIMHEHHOE YCKOPEHUE a KpalHUX ToueK 0JI0Ka coBIaaeT
1o aOCOJIIOTHOW BEJIMYMHE C YCKOPEHHEM a TaJaroIiero rpysa. Beipaxkas pas-

HocThb 1) —7, U3 cucteMbl ypaBHeHUH (2.28), moxydaem:

mr[g—m—+maj—NTp=I6E, (2.34)
m r
OTKyJa.:
mgr — N
a E (2.35)

B r(2M +m)+1g/r
O603HaunM uepe3 Mg pUBEJCHHYIO Maccy OJoKa:
M, =1,/r?, (2.36)

a yepe3 Fr, — mpuBeAEHHYIO CHITy TPEHUS:
F,=N_,/r. (2.37)
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YuureiBas (2.36) u (2.37), u3 (2.35) nmoyuaem:
oo mg - F, |
2M +m+ Mg

(2.38)

OneHkM mokKasbIBalOT, uro M, << M, mostomy cootHomeHue (2.38)

MOJHO YIIPOCTUTDL U ITIPUBCCTU K BUIAY

mg=(2M +m)a+F_. (2.39)

[TycTh asi, a»j — IKCIIEPUMEHTATIBHBIC YCKOPEHHS MEPErpy3KOoB Mi U M;
COOTBETCTBEHHO. [10/ICTaBIAS dsi, dsj, Mi 1 Mj B cooTHOMIEHHE (2.39), mosyuaem

CUCTEMY
mg,=(2M +m)a,; +F,, (2.40)
m,g,=(2M +m,)a, +F,_,
rac ga — SKCIICPUMCHTAJIBHOC 3HAUYCHUC YCKOPCHUA CBO6OIIHOFO naacHUs.
U3 (2.40) naiinem:
(2M +m)a, —(2M +m, )a,

g,= . (2.41)
m, — mj

dopmyna (2.41) MOXKET CIOYKUTh OCHOBOW JUIS SKCHEPUMEHTATBHOTO

OIIpCACICHUS YCKOPCHUA CBO60,HHOFO ImaacHus.

IMoaroroBka ycTaHOBKM K padore

1. Y6enurech, 9TO cucTEMa TPYy30B C HUTHIO, IEPEKUHYTON uepe3 OJIOK,
HAXOJUTCS B MOJIOKEHUH O0€3pa3IMUYHOTO PAaBHOBECHSI.

2. Ecnu cuctema He HaXOQUTCS B TMOJIOKEHUH O€3pa3IM4YHOrO paBHOBE-
CHsl, IPOU3BEIIUTE PETYIUPOBKY MOJOKEHNUS OCHOBAHUS C MOMOILBIO PETYJIH-
POBOYHBIX OIOP, MCIIOIB3YS ISl BU3YalbHOTO HAOJIOJCHUSI B KaYeCTBE OTBE-
COB HUTH C Tpy3amu. [Ipu »TOM HEOOXOAUMO JOOUTHCS BEPTUKAIBLHOTO IOJIO-
YKEHHS CTOMKHU.

3. YcraHoBUTE KPOHIITEHH C (DOTONATYMKOM B HUKHEH YaCTHU IIIKAIIBI
MUJUTUMETPOBOM JIMHEWKHN TaKUM 00pa3oM, YTOOBI MPaBBIN TPy3 MPHU ABHIKCHUH
MIPOXOIUT TIOcepeInHE pabodero okHa PoTogaTInKA.

4. Haxwmure kHONKy «CeTby, pacloyioKEHHYI0 Ha 3aJIHeM MaHeIu 3JIeK-
TPOHHOTO OJI0Ka, TIPU 3TOM JOJDKHO 3aropethbesi 1udpoBoe TabI0 MUILIHACE-

KYHJIOMEpa.



32

5. [lepemecTtuTe npasblil rpy3 B BEpXHEE MOJIOKEHUE U MOJOKUTE HA HE-
ro Ieperpy3ok. ¥Y0oeauTech, 4YTo cucreMa yaepKuBaercs (pUKLHOHOM B MOJIO-
KEHUHU PaBHOBECHS.

6. Haxxmute kHONKy «COpOoC» MWUIMCEKYHI0OMEpa U yOeauTech, 4To Ha
1M (pPOBOM TaOJIO BHICBETUIIUCH HYJIH.

7. Haxxmute kHonky «Ilyck» mMuimucekyHgomepa u yoenurech, 4to Cu-
cTema MpHUIlljia B IBHKEHUE, MUJUTUCEKYHIOMEDP OTCUUTHIBAET BPEMS U MIPH Tie-
pECeUYeHHH MPaBbIM I'PYy30M ONTHYECKON OCH (OTOAATUMKA CUET BPEMEHU Ipe-

KpaimacTcC:.

IopsiioK BHINOJTHEHUS PA0OTHI

JI1st KaX10T0 M3 MEeperpy3KoB Mj, BXOAANIUX B KOMIUICKT J1a00paTopHOI
YCTaHOBKH, IIPOBEUTE CEPUU ONBITOB B YKa3aHHOM TMOPSIJIKE.

1. BeiOepure myTh S, KOTOPBIi MPOHIET MEPErpy30K M B i-M OIBITE.

2. ITonoxxuTe meperpy3ok M; Ha MpaBbIi IPy3.

3. [lpuBeuTe MOABMIKHYIO CHCTEMY MAaIllMHBI ATByJa B UCXOJHOE CO-
CTOSIHUE: YCTAaHOBUTE MPaBBIA I'Py3 C MEPErpy3KOM B KpailHEe BEpXHEE IMOJIO-
KEHUE.

4. Haxxmure xHomky «COpoc» MUIUIMCEKYHAOMEpa, MPH 3TOM JIOJKEH
cpaboTaTh GPUKIHUOH AIEKTPOMATHUTA, U cUCTeMa 3a(UKCUPYETCS B 3aJaHHOM
MOJIOKEHUH.

5. I[lepemermias kpoHIITEHH ¢ (HOTOJATIYMKOM, YCTAHOBHTE IO IIKAJE
MUJJIMMETPOBOM JIMHEHKU MyTh S KaK PacCTOSHUE OT HUXKHETO KOHIIA BEpXHe-
ro Ipy3a J10 TMOJ0KEHUS METKU (OTOJaTUHKA.

6. Haxxmute xkHOTIKY «Ilyck» MUIUTHCeKyHAOMEpa M TIPOCIEAUTE 32 JABU-
KEHHEM I'PY30B.

7. Ilocne OCTaHOBKHM CYETa BPEMEHU 3aMUIINTE MOKa3aHUE MUJLIACEKYH-

JoMepa B TaOIuILy.

mi=..

S,M | t,c | t3, ¢ | tc | t3,¢® | tc | t2,C?

N




33

8. [loBropure nm. 3 — 7 ewé aBa pasa.

9. IloBTopute . 1 — 8 ewé aBa pa3a AJid pa3’IUUHbIX 3HAYCHUM MyTH S.

3amanme 1. [IpoBepka paBHOYCKOPEHHOTO XapakTepa IBUKECHUS Iepe-
I'PY3KOB.
1. IIpoBepbTe paBHOYCKOPEHHBIH XapaKTep

JIBUKEHUS TIEperpy3KoB. i Kakaoro neperpys-
. 2
Ka M; moctpoiite rpaduk 3aBucumoctu S ot 17,

2
OTJIOKUB TpW 3HaueHUs 1°, ToOJydeHHBIE TpU
Hen3meHHoOM S. [IpoBeauTe mpsiMyro uepes HaHe-

CCHHBIC TOYKH Tak, yTOOBI OHa IepeccKajia BCC

TPU UHTEPBaJa 3HAUCHU I t? (puc. 2.9). »
2. Tlo yrioBeiM ko3¢ duiueHTam K npsimbix !
Puc. 2.9
BBIUHCIIUTE YCKOPEHUS a, IEPETPY3KOB:
a,=2k= ZA—SZ.
At

3ananue 2. OnpezencHne YyCKOPEHUSI CBOOOTHOTO MaCHHUS.

1. Iy kak7a0i maphl eperpy3koB M U M;j OMpeIesiuTe yCKOpEeHHe CBO-
0oaHOTO MageHus ¢, mo hopmyse (2.41).

2. JIyist KaXk70r0 Meperpys3ka Mj ompeesinTe yCKOpeHre ¢cBOOOIHOTO Ia-
JCHHS (J, 110 yrpolneHHo# popmyiae (2.31).

3. O1ileHnTe MOTPENTHOCTh U3MEPEHUI YCKOPEHUS CBOOOTHOTO MaICHUS .

Bonpocsl 1 3aaHus 1)1 CAMOKOHTPOJIS

1. Chopmynupyiite u naiite 000CHOBaHHE OCHOBHBIM 3aKOHAM JTMHAMU-
KM TIOCTYIIaTEeJIBHOTO JBHKEHUS.

2. JlaliTe ompeneneHus MAacChl, CHJIbI, ITyTH, MEPEMEIICHUS, CKOPOCTH,
CpEIIHEN CKOPOCTH, YCKOPEHUSI.

3. B ueM 3akirrogaeTcs MpoBepKka OCHOBHOTO 3aKOHA JIMHAMHKH ITOCTYTIa-
TEJIBLHOTO JIBF)KCHHS C TIOMOIIBIO MAllIMHBI ATBy1a?

4. BeiBenmute pacyeTHyIO (HOpMYITy Uil ONPEACICHUS YCKOPSHUS Iepe-

rpy3Ka.
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5. Onpenenure, ¢ KakoW CWJIOW MEpPErpy3oK ACHCTBYET Ha Tpy3 B Mpo-
1ecce IBUKEHUA?
6. B yuem nmpuurHa pa3nuyuil B 3HaYEHUSAX YCKOPEHHsI CBOOOHOTO Ma/jie-

HUSI, paccyuTaHHbIX 1Mo popmynam (2.31) u (2.41)?

JlabopaTopHasi pabora 3

N3yuenne ynpyrux cBoicTs Teji. OnpenesieHne MOy sl CABUTA

Heab padoThl: KcciIeIOBaHUE YIPYTHX CBOMCTB TBEPABIX TEN; OMpee-
JICHWE MOJYJSl CABUTAa METOJIOM PACTSDKEHHs TPYXKUHBI M C TIOMOIIBIO TPY-
KUHHOTO MasiTHUKA.

Ipubopbl W npuHaMIeKHOCTH: JabopaTopHas ycraHoBka OII-19,

HAOOp TPY30B, IITAHTEHIIUPKYJIb, THHEHKA.

9J1eMeHThI TCOPUH XU METOA IKCIIEPUMEHTA

BOIBIIMHCTBO BEHIECTB B TBEPJOM COCTOSIHUHM UMEIOT KPUCTAIUTMYECKYIO
CTPYKTYpPY. ATOMBI TaKMX TEJ PACIIOJIOKEHBI B ONPEACIICHHOM MOPSIAKE, KOTO-
PBIi IPOCTUPAETCS HA MHOTHE MEXMOJIEKYJISIPHbIE pACCTOSTHUS, T. €. HaOo/1a-
eTCs «IaNbHUM TOPSIoK». Takue Teraa COmpOTUBISIOTCS J000MY AedhopMHUpO-
BaHuto. CrenoBaTelbHO, BHEIIHUE CHJIBI JIOJDKHBI COBEpIIATh PabOTy Kak B
cillydae M3MEHEHMsI Oo0beMa TBEPAOro Tella, TaK M MPU HU3MEHEHUH (OPMBI
TBEpOro Tena 6e3 u3MeHeHus ero oobeMa. B atom ciyuae 3axon [lackans He-
CIIpaBelJIUB — MEPEAaBaeMO€ TBEPJABIM TEJIOM AABJIEHUE PA3JIMYHO B Pa3HbBIX
HaIlpaBJICHUSX.

[IpocretimuMm BuaoM aedopMalvi TBEPAOTO Tella SBISETCS MPOCTOE
pactskenre. OHO BO3HMKAET B TOHKOM CTEpP)KHE, OAWH M3 KOHIIOB KOTOPOTO
3aKpEIUIEH, a K IPYroMy MPUIIOKEHA CUJIA, CTPEMSILASICA PACTAHYTh CTEPKEHb.
[Tpu mpocToM pacTsHKEHHHU BCE dIEMEHTHI 00beMa Tena AepOpMUPYIOTCS O~
HaKoOBBIM 0Opa3zoM. brarogapsi 60JbIIONH CONPOTUBISIEMOCTH TBEPJIBIX TEJ HC-
MBITEIBAEMbIC UMU JeOpMAIK OOBIYHO HEBEIIUKH.

Kak yxe Obu10 ckazaHo B 1. 1.6, i1t mpocToro pactskeHus 3akoH ['yka

3aIChIBACTCS B CIICAYIONICM BHJIC:
c=¢E, (2.42)
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7€ G — MEXaHUYECKOEe HaIpsKEHUE, € — OTHOCUTENbHAs Aedopmanus, E — mo-
nynb FOHra.

Moayns FOHra xapaktepusyeT ynpyrue CBOMCTBA MaTepuajia TBEPIAOTO
TEeJa U UMEET pa3MepHOCTb AaBieHus. OJHAKO 3Ta XapaKTepUCTUKA HE SBISAET-
csi noiaHou. Ilpu mpogoabHOM pacTAKEHUU MPOUCXOAUT COKpAIleHHe MoIe-
PEUHBIX Pa3MEPOB TeJNa: yAJIUHAACH, CTEPKEHb CTAaHOBUTCA Oojee TOHKUM. OT-
HOILIEHHE OTHOCUTEJIBHOIO TOMEPEYHOTO CHKATHS CTEPKHS K €ro OTHOCHUTEIb-
HOMY YJUIMHEHHMIO €CTh XapaKTepHas I Ka)JO0ro JaHHOIO mMaTepuala Belu-
YKMHA, KOTOPYIO Ha3bIBatOT Koddduimentom [Tyaccona ().

Hedbopmaiyu, Mpu KOTOPHIX MEHSAETCS TOJBKO (opMa, HO HE 0ObEM Te-

Jia, Ha3bIBAKOTCA CABUI'OM. 3aKkoH FYKa JJI1 HUCTOTO CABHUT'a UMCCT BHU L

IJie Y — OTHOCUTENbHBIN caBur, G — MOayJb clBHTA.

Mopayne cnapura ompezaensiercs Moayiem FHOHra u kodddunmreHToM
[Tyaccona u BbIpakaeTcs B €IWHUIAX JaBieHUS. JlaHHBINH KodpdUIMEHT 107-
KeH OBITh BEJIMYMHOMN TOJIOKUTEIBLHON (TOJIBKO MPU 3TOM YCJIOBUHU OYJET IO-
JIO)KUTEJIFHOM yIIpyTasi SHeprus, 3amacaemas B Telie, MoJABEeprayToM aedopma-
IIUU CJIBUTA):

G=r ™ . (2.49)
2(1+ 1)

Buemnraue cuibl, co3garomue ynpyryto aehopmaliyio, COBEpIIaT HEKO-
TOpPYIO paboTy, KOTOpas HaKaIuIuBaeTcsl B 00beMe MaTepualia B BUJIC TIOTCHIIM-
apHOM SHepruu aedopmaiuy. YaelbHas MOTCHIIMAIbHAS dHEPTHs nedopma-
1y (MOTEHITMAIbHAS YHEPrUs, OTHECCHHAs K SIMHMUIIC 00BEMa) OTPEICIIICTCS
dbopmynon

1

u :EG'YZ . (245)

Ecnu no o0beMy maTepuana KacaTeldbHbIE HANpPsKEHUS UMEIOT Iepe-

MEHHOE 3Ha4yeHue, To YHeprus nedopmarmu U B 00beme V HaxonuTes Kak

U =[udv (2.46)

Casur npsMOyTroJIbHOTO OpycKa MpeJCTaBisieT cO00N OJHOPOJHYIO Jie-

dbopmanuto. Jepopmaiiust npykuHbI SBIsIETCS AepopMalueil YUCTOro CIABUra,
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HO HeonHOopoaHOU. Takas neopmanus BO3HUKAET, €CIIM NPU 3aKPEIICHUH OJ1-
HOT'O KOHIIA CTEPKHA (MPOBOJIOKH) BUTKUA OYyIyT NMOBOpPAUMBATHCS HA pa3ivy-
HBIE YTJIbl OTHOCUTEIBHO 3aKPEIJIEHHOTO OCHOBAHMS.

PaccMoTpuM KpyudeHue CTepkKHS paguycoM I, TPy KOTOPOM MONEepEeyYHbIe
CCUCHUs, TTOBOPAYMBAsACHh BOKPYT OCH Z, octatorcs miockumu (puc. 2.10). By-
JIEM CUUTaTh, YTO KaXKJ10€ MONEPEYHOE CEYEHUE MOBOPAYMBAECTCS BOKPYT OCH Z
KaK JKECTKUH TOHKHH AUCK. BbIIeauM oTpe3oK JUIMHOHN dZ, MOJIydHBIINM Yo

3akpyunBanus de or MmomeHTa M; (cm. puc. 2.10, a).

~ @dm() Cz'
—

dz

vy
paull
|-<\

Puc. 2.10

Pacnipenenenne HanpsuKeHHI G BIOJB NMPOU3BOJIBHOTO paguyca p B ce-
yeHur n3o00pakeHo Ha puc. 2.10, 6. Bo Bcex Toukax OKpy>XKHOCTH PagdyCcoM p
HaNpsOKEHUE G = CONSt M HampaBlIeHO MO KacaTeIbHOH K 3TOH OKPY>KHOCTH.

[Ipoexuus KpyTSero MOMEHTa Ha OCh Z paBHa
M, = [pdF = [pods, (2.47)

rne dF =odS — cuna, aelicTByrolast Ha seMeHT S TuToImaan ceYeHus
CTEPIKHS, B IIpeieaax KoToporo ¢ = const; dS =2npdp (cm. puc. 2.10, 6).

Hanpspkenue ¢ onpenensercs 3akoHoM ['yka 6 =yG, rie oTHOCHTEIh-

ueiii casur Y =pde/dz (cm. puc. 2.10, a). CienoBaTensHo,

_r do s _1.do
MZ_»(!).GEP ZWdP—EGEﬂT . (248)
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MomeHnT M; ynpyrux cuii Bo3pactaeT mponopiuoHansHo yriy de. Ilo-
3TOMY paboTa 3TOr0 MOMEHTA YHCJICHHO PaBHA ILIONIAU TPEYroJbHUKA, OTpa-
HUYeHHOTO TpadukoM ¢yuakimu M,= f(de) u ocrro abcmmcc:

1
dA==M.d¢. (2.49)
2 z
CrenoBarebHO, DHEPrUsi, HAKOIUICHHAs B DJIEMEHTE CTEPIXKHS, paBHA

dU =dA. C yuetom Beipaxkenus (2.48) popmysa (2.49) npumer Bu

M 2
dA= = tdz. (2.50)

Wuterpupys Beipakenue (2.50) mo Bcedt amune | crepxkHs, moaydaem

BBIPAXXCHUC IJIs1 SOHCPIUN I[e(i)OpMaI_[I/II/I CTCPIKHA:

U:jdA:lj M224dz= M1

(2.51)
o Gmr Grr?

[TpuMeHUM TOJYYEHHOE BhIpAXKCHHE I MPYXKHHBI JuameTpom D, co-
crosmieit u3 N BuTkoB. B 3TOM ciiydae MOMeHT ynpyroi cuiabsl F paBen
M, =FD/2, nnuna crepxus npyxunst | =7nDN, nuamerp crepxus d =2r,
Torna
_4F?D°N
- Gd*

C npyroii CTOpOHBI, TOTEHIHMAIbHASI YHEPTHUST YIPYTO Te(HOopMUpPOBaHHON

U (2.52)

IIPY>KUHBI PaBHA

U="", (2.53)

rie X — nedopMartus py>KHHBI.
B wurore ¢ yuerom Belpakenuii (2.52) u (2.53), nomyuum dopmyiry ais
OIIPEICTICHUS MOJTYJISl CABHTa METOJIOM PACTSHKESHUS TPy KUHBI:
8FD°N
xd*

MOI[y.HB CABHUI'a MOXKHO OIIPCACIINTbL U APYIMM MCTOJOM. Ecnu 3acra-

G= (2.54)

BUTH TPy3 K0ieOaThCs HA TMPYXKUHE, TO MEPUO ITUX CIIa003aTyXaIOMUX KOJIe-
OaHM1 MPaKTHYECKHN PaBEeH MEPUOTY CBOOOIHBIX KOJICOaHUH:

T= 2n\/§ , (2.55)
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e M — macca rpysa, K =F/X— jxecTkocTb mpyKUHBL
Bripazum u3 ¢popmysl (2.55) nedhopmarnuro X:
FT?
- A’m
[Moacrasnsis Beipakenue (2.56) B (2.54), monyyaem eie oaHy Gopmyiy

(2.56)

IUJI pacyéra MOJyJIs CABUTA!
32n*mD°N
G= g
Jlaboparopnas yctanoBka ®I1-19 nns ompeneneHuss MOyJisi CIBUTA CO-

(2.57)

CTOUT U3 IITaTWBa 1, KPOHIITEHHA 2 C MPYXUHOU, KpoHIITeHa 3 ¢ poTonat-
YUKOM U HaOopa CMeHHBIX rpy30B 4 (puc. 2.11). doTomaTUMK MOAKIIIOYCH K
AJIEKTPOHHOMY OJIOKY 5, BKJIIOYAIOIIEMY B C€0sl CEKYHIOMEP U CUETUUK KOJIe-
OaHui.

,
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IHopsiok BbINOJIHEHHs Pa0dOThI

3aganmne 1. Onpenesienne MOAYJIsl CABHIAa METOAOM PACTSIZKEHHUS MPY-

KUHBbI

1. [lonHUMHTE KPOHIUTENWH C MPYXKUHOU TaK, YTOObI KPOHIUTEHH C (HOTO-
JaTYUKOM He Memwan usMepeHusM. [loaBeckTe K mpyskune rpy3 maccoid mi. C
MOMOIIBIO JINHEUKH 3aMEThTE MOJIOKEHUE HIDKHEH IIIOCKOCTH Irpy3a X1.

2. [lonBeckTe K mpyx)uHe rpy3 mMaccoil Mp. C mMOMOUIbIO JIMHEWKH 3a-
METhTE MOJ0KEHHE HIKHEN MIIOCKOCTH Ipy3a Xo.

3. Onpenenure yaIMHEHNE NPYKUHBI IO POPMYITIE X =X, — X, |-

4. C moOMONIbIO IMITAHTECHIIUPKYJST HM3MepbTe auaMerp D NpyKuHBI |
auametp d CTepIKHS, U3 KOTOPOI'o CeliaHa MPYyKUHA.
5. Onpenenute MOAY/Ib caBura mo gopmyie (2.54), B kotopoit F = mg —

CHJIa, PACTATMBAIOLIAs NPYKUHY; M =|m, —m,|; N — 4KcJI0 BUTKOB B NIpYKHHE.

6. OnieHuTE MOTPEITHOCTh U3MEPEHUM.

3ananue 2. OnpenaejieHne MOIYJIsl CABMTa ¢ IOMOIIbIO NPYKUHHOTO Ma-

ATHHKA

1. [lonBecbTe OHY U3 UCCIEAYEMBIX NPYKUH HAa KPOHIUTEIH, K HUKHEMY
KOHITY MPY>KUHY IPUKpPENUTe HAOOPHBIA TPpy3.

2. KpoHmireliH ¢ BEpTUKAIBHO TIOABEIICHHOW MPYKWHOW 3aKpenuTe Ha
BEPTUKAIBHON CTOMKE TaKUM 00pa3oM, YTOOBI HAOOPHBIN TPY3, IMOABEIICHHBIN K
NpyKUHE, CBOSH HIDKHEH IJIOCKOCTHIO COBMAJal C ONTHUYECKOH OChio (poTomat-
YMKa, 3aKPEIUIEHHOTO B HIDKHEW YacTH CTOMKM (omTudeckas och (poTomaTymka
COBITAJIAET C PUCKaMH Ha (POTO/IATIHKE).

3. Haxwmure xHonky «CETby, pacmonoskeHHYI0 Ha 3aJHEH CTEHKE JJeK-
TPOHHOTO OJI0Ka 5, TIPU ATOM JIOJIKHO BKITIOYUTHCS Ta0o uHaukaun. [Iporpeiite
010K 3 — 5 MUH.

4. IlomHumMuUTE TPy3 HEMHOTO BBEpX M oTiycTUTe. [Ipn 3TOM Irpy3 HauHeT
COBEpIIaTh KoeOaTeIbHbIC ABIKCHUS HA TIPYKUHE, a CEKYHAOMEp OyJIeT OTCUH-
THIBaTh BpeMs. 3aIlyCK, COPOC M OCTAHOBKA CUeTa BPEMEHM W YHCIa KoJieOaHui
nipousBoasaTcs KHonkamu «ITYCK», «CBPOC» u «CTOID» cOOTBETCTBEHHO.

5. M3mepsbre Bpems 20 kosebaHuii rpysa.
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6. Onpenenute nepuo kosnedaHuit rpysa mno gpopmye
rot
n

rae t — Bpems kosiebaHuil; N — YUCI0 KOJECOAHUIA.

7. Onpenenurte MOy caBHra o ¢popmysie (2.57).

8. OuennTe MOrpentHoCTh U3MEPCHH.

CpaBHHTE 3HAYCHUS MOMYJISA CIIBUTA, MOJyYCHHBIC AKCICPHUMEHTAIBLHO pas-

HBIMH METOJIaMH CO 3HAUCHWSMH, ITPUBEIACHHBIMU B TaOJuUIle Ha yctaHoBKe. Crie-

JIanTe BBIBOJl O MApKe CTAJIN, U3 KOTOpOﬁ BBITIOJIHCHA TIPYIKUHA.

BOHpOCBI H 3a/1aHUA JIsI CAMOKOHTPOJIsA

1. Kakosa npupoja cui ynpyroctu?

2. Kakumu BeIMYMHAMH XapaKTEPU3YIOTCS YIIPYTrUe CBOKWCTBA TBEPAOTO
tena? Kak oHu onpeaenstorca?

3. Tlepeuucnute Bunbl nedopmanuii. Kakue U3 HUX SBISIOTCS OJHO-
pOAHBIMU?

4. Ha3oBuTte XxapakTEepUCTUKHU, OMMCHIBAIONINE JAePOpPMALIUIO TeTa.

5. Kak ompezgensercss MOMEHT CWJI MpPU HEOJHOPOJHOUN nedopmaruu
Kpy4eHust?

6. Cdopmynupyiite 3axkoH ['yka Ui pa3IuyHBIX BUIOB Je(OpMAaIliH.
[Tpu kakuX yCIOBUSX OH CIPABEITUB?

7. OOBsacHUTE HUBUICCKUA CMBICIT MOJIYJIS CIBUTA.

8. BrmiBegute dhopmyiry nepuoaa KonedbaHu IPy>KMHHOTO MasSTHHUKA.

9. Kakoii U3 pacCMOTPEHHBIX METOJOB OYyJEeT NaBaTh pa3IMYHbIC pe-

3yJbTaThl B Pa3HbIX TOUKaX IUIaHeThI? [louemy?
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JlabopaTopHasi padora 4

Onpenenenne k03¢GGUUUEHTOB TPEHUA KAYeHUS
U TPEHMSI CKOJIbKEHUS

eab padoThI: N3yYeHUE ABICHUS BO3SHUKHOBEHUS TPEHUS IPU KAUCHHUU
WIM CKOJIB)KEHUU OJIHOTO Teja MO MOBEPXHOCTH APYTOro; OonpeaesieHne Kodg-
(UIMEHTOB TPEHUsI KaUYeHUsl U TPEHUSl CKOJIBKEHHSI METOJOM HAaKJIOHHOTO Ma-
ATHUKA.

IIpubGopbl 1 NPUHAATEKHOCTH: HAKIIOHHBIN MasTHUK, HAOOP CMEHHBIX

IIJIaTUH, yce‘léHHBIX [IapoB U MIapOB MAATHUKA KAYCHUA.

9J1eMeHTbI TCOPUHU U METOA IKCIIEPUMEHTA

I/I3M€p€HI/I€ CWIbl TPCHUA C IIOMOIIBIO HAKIIOHHOI'O MajdTHHKAa OCHOBAHO
Ha M3MCPCHHUHN YMCHBIICHHA €TI0 aMIUIMTY bl 3a OIIPCACICHHOC YMUCIIO KoseOa-
HUM. HyCTL Touka A ONPCACIIACT IMOJOKCHUC IIapHuKa B HayaJbHBIM MOMEHT
OTKJIOHCHUS MajATHHKA Ha YI'oJl Op, 4 TOYKa B — monoxenune mapuka mocjie n

KOJICOAHUI B MOMEHT OTKJIOHEHHSI MasiTHHKA Ha yroi o, (puc. 2.12, a).

0 O
\
\\
L% N
\
a, \
\
\%
/:\1/\\ (1 //‘\_)
-..‘ | _ -
B D
a B

Puc. 2.12
3a n xonebaHuil moaHas >Heprus E MasgTHUKA yMEHBIIAeTCs] HA BETUYH-
Hy AE, paBHy0 yObUIH €ro MOTEHIIMATBHON YHEPTUH:
AE = AE  =mgAh, (2.58)

rne Ah — n3MeHeHne BBICOTHI IIEHTPA TSHKECTH IIaphKa IMocje N KoJeOaHuid B
MOMEHT MaKCUMAaJIbHOTO OTKJIOHEHUS U3 TIOJIOKEHUSI PABHOBECHS .
N3 pucynka 2.12, 6 BUAHO, 4TO:
Ah=Alsinp. (2.59)
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VYObUIb NOTEHIIMAIBHON YHEPTUU paBHA PabOTE CHII CONPOTUBIIEHUS U

CWJI TPEHUS, B3STHIX MO0 MOAYJIIO, HA IPOMJEHHOM MyTH S 3a N KOJIeOaHUI:

AE =AA . +AA L =F W SHAA L (2.60)

rae AA .. =F .S — paboTa CHIIBI TPEHHUS Ka4CHHs; S — MyTh, KOTOPBIA MPO-
XOJIUT LEHTP TSIKECTU IIapuKa 3a N TMOJHBIX KOJIeOaHMUIA, AA, pabota 1o

IIPEOIOJIEHUIO CONIPOTUBIICHUS CPEABI U TPEHUS B TOUKE MOJIBECA MAATHHUKA.
Tak kak ¢ TeyeHHEeM BPEMEHHM NPOUCXOJUT 3aTyxaHUe KojeOaHWid, TO

3HAYEHUE MAKCUMAJbHOIO YIJIa OTKJIOHEHUS Op MAsATHHKA OT MOJIOKEHUS PaB-

HOBecHs yMeHblaercs. [loaromy npu pacyere myTy S, MPOMIEHHOTO MIAPUKOM

3an KOJ'I€621HPII>1, UCIOJIB3YIOT CPEIHEC 3HAYCHUC MAKCUMAJIbHOI'O YIJjIa Ogp.

_.|_
S=4Lna,, =4LnT "0 (2.61)
Ipenebperas B (2.60) paGoToii CHIbI CONPOTUBNEHHUS AA, ~ BBUIY €€
MayiocTH, yuanuthiBas (2.58) u (2.59), monyuaem:
mgAlsinp = S. (2.62)

-

Jlns momydyeHust pacyeTHOW (Gopmy-
JIbI BBIOUpPAaEM MOJieNib, B KOTOPOW BO3HHK-
HOBEHHUE TPEHUS KaueHHsI OOBsICHSAETCA Jie-
dbopmanmsimu mapuka u onopsl. [Ipu 3Tom
MOT'YT BO3HUKAaTh KaK yIpyrue, TaKk U He-

ynpyrue nedopmaruu. M3-3a nedopmaruu

TITTTTTTTTTT T IMOBEPXHOCTEN JIMHUS JIEMCTBUS CHUJIBI PeE-

k
A g akuuu N He coBmamaer ¢ JUHUEH [eil-
——
Py CTBHS CHJIBI HOPMAJIbHOU PEAKIHU OIOPEI
Puc. 2.13 (puc. 2.13), B HameM ciydae paBHOW BECY

P mapuka. HopmanbHas cocTaBsiomias

N, uncrnenHo paBHa Becy mapuka: N, =P, a TanreHnuambpHas cocTaBIIOIAs

N. mpencrasiser cuay TpeHus kadeHus: N_=F . Ilo mpaBuny paBeHcTBa

Tp.Kad.
MOMCHTOB CHJI:

F _R=NK, (2.63)



43

rae K — koo GuiueHT TpeHus: KaueHus MpeacTaBisIeT miedo cuibl Ny 1 umeer
pa3MepHOCTh UTHHBL, R — panuyc mapuka (cMm. puc. 2.13).
N3 hopmynel (2.63) cneayer:
F.w =K(N,/R). (2.64)

p.Ka.
W3 puc. 2.12, B cnenyer:

N, =mgcosf3, (2.65)
rje B — yroy HakJOHa IUIOCKOCTH, Ha KOTOPYIO ONMUpPAETCs IIapUK, TOIBEIICH-
HBbIA HA HUTH, M — Macca apuka.

[MoactaBuB hopmysl (2.64) u (2.65) B BeipaxkeHue (2.62), moayuum:
mgAlsinf3 =kmgsS cosp/R,

AIR
kz?th. (2.66)
C yuetom popmyisl (2.61) koahpuIMEHT TPEHUS KauCHUS PaBEH:
AIR
= tgp. 2.67
2Ln(a, +o,) 9P (2.67)

N3 puc. 2.12 BugHO, 4TO
Al=CD=0D—-0C = L(cosa, —cosq,)-
Y4UTBIBasI, 9TO YIJIBI O M Oln MAJIBI, @ KOCHHYC MaJIOTO yTiia TMpUOIHKEH-
HO paBeH Cosa.~1— /2, rie yroa o BHIPQKEH B PaauaHax, MOIydaeM:
L, o,y L
Al zE(OLO—Otn)IE(OLO—OLn)(OLO-i-OLn). (2.68)
Taxum o6pasom, moxacrasiss (2.68) B (2.67), moayyaeM OKOHYATECIIBHYIO
dbopmyy mist onpeneneHus Kod3pGUIMeHTa TPeHUS KaueHMs |
oy, — O
k=—2—"Rtgp. (2.69)
4n
B ciydae ckonbkeHUWs ImMapa IO IOBEPXHOCTH OIOPHI CHJIA TPEHUS

CKOJIBKEHUS OIPEEIIeTcs (POPMYIIOi:
F =uN,, (2.70)

TP.CK.

rae | — Kod(pPUIUEHT TPEeHUST CKOJIBKEHUSI, 3aBUCSIINN OT MaTepraia u Kade-
cTBa 00pa0OTKH COMPUKACAIOUIUXCS MOBEPXHOCTEHN, TO €CTh IIapUKa U OMOPHI,
c1a00 3aBUCAILIUNA OT CKOPOCTU CKOJBXKEHUS U MPAKTHUYECKU HE 3aBUCSIIUN OT

IJIOIIA/IM KOHTAKTa OMOphI U mapuka, Ny — ciuiia HopMalibHOM peakiluu OMOpHI.
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CpaBuuB coortHomenus (2.64) u (2.70), momyuum Gopmyay ais onpese-
neHus k03 UIMEHTa TPEHUS CKOJIbKECHUS |
oy — Ay

p="0 rtgp. (2.71)

Onucanme 3KCNEPUMEHTATbHOH YCTAHOBKH

HakioHHBIN MasiTHUK MpeACTaBIIEH Ha puc. 2.14.

o

L

11 \ 4

=

N [

Puc 2.14

OH cocToWT U3: OCHOBaHUA |, BEPTUKAJIbHOW CTONKHU 2, BEPXHETO KPOH-
mITeHA 3 ¢ maHeNblo 4, MasiTHUKA CKOJILKCHUS U MasATHUKA KAa4€HUsI, KOTOPhIE
YCTaHaBIIUBAIOTCS HAa BEpXHEM KpoHTelHe 3 moouepenHo. OcHoBanue 1
CHA0XXEHO TPEeMs PETYJHPYEMBIMH OMOpaMH 5 W 3aXuUMoM 6 s pukcanuu
BEPTUKAIBHOMN cTOMKM 2. CTolKa BBIMOJIHEHA U3 METAJIINYECKON TpyObl, y OC-

HOBaHUsA KOTOpOﬁ HaHCCCHA PHCKA, IIOKA3bIBAIOIAsA YI'OJI OTKIIOHCHHA IMAaHCIN
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4 OT BEPTUKAJIBHOTO MOJIOKEHUS 1O MmKaie 8. [laHenp OTKIOHSAETCS OT BEPTHU-
KaJIbHOTO TIOJIOKEHHUS C MOMOIIBI0 BUHTA 7. B HIDKHEH (IIMpOKOil) yacTu ma-
Henu 4 UMeeTcs NPSIMOYTOIbHOE OKHO, B KOTOPOM YCTaHaBJIMBAIOTCS CMEHHBIE
oOpasupl B BUje IiacTuH. JJig oTcyeTa yria OTKIOHEHHUS MasiTHUKA Ha MaHeb
HaHECEeHa IIKaa.

MasITHUK CKOJIbKE€HUS MPEACTABISET COO0M METAINTMYECKUN CTEPIKEHb
9, cHaOeHHbIH pu3MaTudeckoil onopoit 10 u oboiimoii 11, B koTOpyto ycra-
HaBJIMBAIOTCS CMEHHBIE 00PAa3Ibl B BUJE YCEUECHHBIX IIAPOB. MasTHUK KayeHUs
npescTaBisieT co0oil MeTaminyeckuil mapuk 12, moJIBEeIIEHHbI Ha KarpoHO-
Boil HUTH 13. IIpu BbIMOMHEHUH TAOOPATOPHON PabOTHl MasITHUKH MOOYEPETHO
ycTaHaBnuBaroTca Ha naHenu 4. Ha puc. 2.14 mMasTHUK CKOJIbKEHHUS U300pa-
KEH B paboyeM IMOJI0KEHUH, & MAITHUK KaueHHUs 3aKperieH B KaueCcTBe OTBeca

IJIA pCryJInpPOBKU BEPTUKAJIBHOT'O ITOJTOKCHUA CTOMKH 2.

Ilopsaok BbINOJIHEHHE PAOOTHI

3aganue 1. Onpenenenre kKodhPUIIMEHTa TPEHUS CKOTBKEHHUS.

1. Ucnonp3ysd MasTHUK Kau€HHUs B KaUeCTBE OTBECA, C IMOMOUIBIO PETy-
JUPOBOYHBIX OMOP OCHOBAHMS BHICTABUTE CTOMKY 2 YCTAaHOBKH B CTPOTO BEp-
TUKAJIBHOM TOJIOKEHUH.

2. BcTaBpTe yceueHHBIN CTabHOM miap B 000iiMy 11 MasTHUKA CKOJIb-
KEHUST cHEepUIEeCcKO MOBEPXHOCThIO Hapyxky. [logBechTe MasgTHUK CKOJIBKE-
HUS C TIOMOIIBIO MpU3MaTUYeckoi omopbl 10 HAa BepXHUM KPOHIITEHH 3 TaKUM
o0pa3oM, YTOObI YCEUEHHBIH Iap CONMPUKOCHYJICS C YCTAaHOBJICHHOW HA TAHENb
IUTACTUHOM W HE BBIXOJWJ 3a €€ Mpejelbl npu Kosnebanusax. s u3mMeHeHus
JUIMHBl MasiTHUKa HYXHO CMECTUTh NMPU3MATHYECKYIO OMOPY OTHOCHTEIIHHO
CTepKHS 9, MpeIBapUTENHHO OCIA0UB (PUKCUPYIOIIHI BUHT.

3. YcraHoBuTe yrojl OTKIOHEHHUS TaHenMn 4 OT BEpPTUKAIW pPaBHBIM
y = 2°.

4. OTKIIOHUTE MAsITHUK OT ITOJIOKCHHS paBHOBECHS Ha yroi oo = 10°.

5. Otmyctute 6€3 TOJYKa MAasiTHUK W C TOTO MOMEHTAa HAYHHUTE OTCYET
kojebanuid. ITocne Toro, Kak MasTHHK COBEPIIUT N MOJIHBIX KOJICOaHUH, 3aITH-
IIUTE YroJl OTKJIOHEHUS! KOJIEOaHUs] MAasiTHUKA O, U YKCJIO N TMOJHBIX KoJjieba-

HUM B TaOJIUILY.
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Oo=— ... Y=...

1 2 3 4 5 | Cpemmee
3HA4YCHUC

O, TPaI.
n

6. [loBTOopuTe M3Mepenus mi. 4, 5 emé 4 pasa.

7. Paccumraiite cpenaue 3HaUeHus (o, ) ¥ (N).

8. Onpenenure K0dQPHUIMEHT TPEHHS CKOJIBKEHUs 1Mo dopmyie (2.71),
npuHsB B = 90°—y; 3HaUCHUSI O U O HYKHO MEPEBECTH U3 TPATYCHOU MEpHI B
paanaHHyIo.

9. OtieHUTE MOTPEIIHOCTDh U3MEPEHUM.

3aganue 2. Onpenenenue KodhPUIMeHTa TPEHUS KaueHUS.

1. YcraHoBUTE MasiTHUK KayeHUs (CTaJbHOW IIAPUK) BMECTO MasTHHKA
CKOJIBKEHHUSI, OTPEryJIUPYNUTE JJIMHY HUTU TaK, YTOOBI MIAPHUK MPHU KOJIEOAHUIX
HE BBIXO/MJI 32 MPEJIENIbl CMEHHOM TJIaCTUHBI.

2. YCTaHOBUTE Yroj OTKJIOHEHHWS MaHelu 4 OT BepTHKAIU PaBHBIM
Yy = 5°.

3. OTKI0HUTE MaITHUK OT ITOJIOKEHHS PAaBHOBECHS Ha yToJj g = 5°.

4. VI3amepbTe yrojl OTKJIOHEHUS KoJieOaHUsI MasiTHUKA Oy, ¥ YUCIO N TOJ-
HBIX KoJicOanuii (M. 1. 5 3amanus 1); 3aHecuTe pe3ysIbTaThl B TAOIHILY.

5. IloBTopute u3mepenus nm. 3, 4 emie 4 pasa.

6. Paccunraiite cpeiHUE 3HAYCHUS (an> u (n).

7. Onpenenure K03PGUIMESHT TPEHUA KaueHus 1o Gopmyite (2.69), mpu-
HsB 3 = 90°—y, paguyc mapuka R = 0,01 m; 3HaUeHUs 0o ¥ 0y HY’)KHO TIEPEBECTH
13 IPayCHOMN MEpPHI B paIMaHHYIO.

8. O1eHuTe MOTPEIIHOCTh H3MEPEHUM.

BOHpOCLI 1 3aJJaHUA TJId CAMOKOHTPOJIA

1. Kakue cymecTByIOT BUJIBI TPEHUS ?

2. Chopmynupyiite 3akoH AMoHTOHa — KysoHna.
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3. O0psicHUTE ABa MEXaHU3Ma BO3HMKHOBEHHUS TPEHMs KadeHHs. 3aru-
muTe GOpMyITy JUIsl CHIIbI TPEHUS Kau€HHUS.

4. Yto Takoe Kor(PUIMEHT TPEHUSI KAU€HUS U OT YEro OH 3aBUCHUT?

5. BeiBeaure dopMyity Ui oNpeneneHus Kodgpuyuenma mpenus Kade-
HUsl METOJIOM HAaKJIOHHOT'O MasiTHUKA.

6. BeiBenure QopMmyiny s ONpeneleHus Kodgduyuenma mpenus

CKOJIbOtCEeHUA METOAOM HAKJIOHHOI'O MasATHHKA.
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