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BBEAEHUE

MexaHuKa — oiHa U3 ApeBHeiuuXx HayK. OHa pa3BUBaJIaCh BMECTE
C 2BOJIIOLIMEN YeIOBE€YEeCTBA, CBOEBPEMEHHO OTBeYasi HA MHOTOYMC-
JIEHHbIE 3aIIpOChI MPAKTUKHU. B IPEeBHOCTU HE CylLLIECTBOBAIO NEIEHUS
HayKH IT0 OTPac/JIsSIM 3HaHMI1, TO3TOMY MEXaHHMKA SBJISLIACh COCTaBHOM
4YacThIO HayKH O mpupoiae u obuiectse. M TonbKo nocie ApUCTOTENS
(384 —322 rT. 10 H.3.) HAYUHAETCS BBIAEICHUE YACTHBIX HayK U3 00-
LLETO €CTECTBO3HAHUS.

B mpeBHeM Erunte npu CTpOUMTENBCTBE MMPAMUL YK€ MOJb30BAIUCD
pblYaraMu, HaKJIOHHBIMHM IUIOCKOCTSIMH, OJIOKaMH. DMIUPUYECKHUE
3HaHUS, HAKOIUIEHHbIE Y€JIOBEYECTBOM, ITIOMOTJIM YCTAHOBUTD 3aKOHBI
MEXaHUKH.

OCHOBOITOJIOXXHUKOM MEXaHUKH KaK HayKH CUMTalOT Apxumena (OK.
287 —212 rT. 10 H.3.); OH JaJ1 TOYHOE pELUEHUE 331a4 O PaBHOBECUM
CWI, NMPWIOXEHHBIX K pblyary, o6 onpeaejeHHU LEHTPa TSXKECTH Tel.

B snoxy Bospoxaenus (XIV—XVI BB.) 6onbu1oi BKIaa B pa3Bu-
THE MEXaHUKHU BHEC 3HAMEHUTBIN UTATbSIHCKUIA XYIOXHUK, YYEHBIA U
uHxeHep JleoHapno ga Bunum (1452 — 1519). OH u3yyasn TpeHHe CKOJIb-
XeHMsA, IBIXEHHE TMajalollero Teja, BIEpBble BBEJ MOHSITUE MOMEH-
Ta CHUJIBI.

Braromapsi BeJIMKOMY OTKPBITUIO IMOJBCKOTO KAHOHUKA U aCTPOHO-
ma Hukonas KonepHuka (1473 — 1543) ObU1 COBepllieH NIEPEBOPOT B
€CTeCTBO3HAHMM: Ha CMEHY reolieHTpuyecKoi cucteMe Iltonomes npu-
1U1a TeJIMOLIeHTpUYecKas cuctemMa Mupa. Ha ocHoBaHuu yyeHusi Ko-
MepHUKa HEMELIKUi1 MaTeMaTHK U acTpoHoM MoranH Kerep (1571 —
1630) cropMynMpoBa TpH 3aKOHA ABMXKEHMS TU1aHeT. OCHOBOMOJIOX-
HMKaMH{ OCHOB TUHAMHUKH CYMTalOTCS UTaibsHel lanwieo anunei
(1564 — 1642) u anrnuuanuH Mcaak HelotoH (1643 — 1727), OTKpBIB-
1M 3aKOH BCEMUPHOTO TATOTEHHS.

B XVIII B. 6bu1H pa3paboTaHbl 001IME MIPUHIIUANB KJIaCCUYECKON
MexaHUKHU. K 3TOMy Xe BpeMEHU OTHOCSTCSI MCCIENOBaHUS O Mexa-
HHMKe TBEpAOro Teja, TMAPOAUHAMUKE U HEOECHON MEXaHUKE.

B Poccuu B 1725 r. mo unuiatuBe I1erpa I 6pu1a o6pa3oBaHa Poc-
cuiickasl akageMusi HayK. bosiblioe BIUsiHUE Ha pa3BUTHE TEOPETUYEC-
KOM MeXaHUKH OKa3aJii Tpyahl akamemuka M. B. JlJomoHocosa (1711 —
1765), a TakXe 3HaMEHMTOro MaTeMaTHKa, aCTpOHOMa U (u3uka,
LIBeiiliaplia no mnpoucxoxaeHuo, Jleonapna Diinepa (1707 —1783),
npopa6oTasiiero B Poccuiickoit akaneMuu Hayk 6osiee 30 net. Cpeau
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€ro MHOTOYMCJIEHHBIX paboT B 06J1aCTH MaTeMaTUKH, TUAPOMEXaHUKHU
M HeOECHOM MEXaHHUKHU ClIeAyeT OTMETUTD UCCIICIOBAHUS IO MEXaHUKE
TBEPIOTO U YIIPYTOro TeJa. Diliep 3aJI0XMI NePBble KUPITUYMKH B QyH-
JJAMEHT TOJIbKO 3apOXIABIIMXCS HAyK — CONPOTUBJIEHUS] MAaTEPHAJIOB
W TEOPHU YIIPYTOCTH.

B XVIII—XIX BB. 6oJblilI0Oi BKJIaA B M3yYeHHUE MEXaHUKU BHECIU
ortel ¥ cbiH Morann u Janumn bepuymnu, XKau JI’Anam6ep, 2Kozed
JlarpaHXx — Bce OHHM OBLIM HHOCTPAHHBIMU ITOYETHBIMU WieHaMu Poc-
CHIiCKO# akageMuu HayK. B paborax ¢ppaHiy3ckux yuyeHbix I1. Bapuxb-
oHa u JI. [lyaHco Hapsimy ¢ TMHAMMKO# MOJy4YriIa najbHeliee pa3Bu-
THE U CTATHKA.

OrpoMHOe 3Ha4€HHUE ISl JaJIbHEHUIIETO pa3BUTHSI MEXaHUKHU MMe-
J1 paboTel oteyecTBeHHBIX yuyeHBIX XIX u XX BB.: M. B. Octporpan-
ckoro, I1.JI.Yeornuena, C. B. KoBaneBckoii, A. M. JIssmynosa, 1. B. Me-
nepckoro, K.3.uonkoeckoro, A.H.KpsutoBa, H.E.2Xykosckoro
U Jp.

CoBpeMeHHOE pa3BUTHE MALIMHOCTPOEHUS TPeOYyeT pelIeHuUs CIie-
LMAJBHBIX 3a1a4. BypHO pa3BuBaeTCs HayKa O IPOYHOCTH U Ae(HOpMHU-
PYEMOCTH 3JIEMEHTOB COOPYXKEHUI U AeTajieil MallliH — COTPOTHBIIE-
HHMe MaTepuajioB. B oTIMYHE OT TEOPETUUECKONH MEXAaHUKU COTIPOTHB-
JIeHWe MaTepuajioB pacCMaTpUBAeT 3aJayd, B KOTOPBIX Hauboiee cy-
ILIECTBEHHBIMH SIBJISTIOTCSI CBOMCTBA 1€()OPMHUPYEMBIX T€JI. 3aKOHBI 1BU-
XeHMs aGCOIIOTHO TBEPIOTO TeJia OTCTYTAIOT Ha BTOpO# TiaH. B To xe
BpeMs BCJIEACTBUE OOLIHOCTH OCHOBHBIX MOJIOXKEHUM CONTPOTUBIIEHHUE
MaTepuaoB MOXET pacCMaTpMBAThCSl KaK pas3lesl MEXaHUKH, Ha3bl-
BaeMbIi MEXaHHKOI NePOPMHUPYEMBIX TEII.

B xypce «/leranu MalIMH» Ha 6a3e TEOPETUIECKON MEXaHUKH U CO-
TPOTUBIIEHUS] MaTepUAJIOB U3yYalOT OCOOEHHOCTH pacyeTa ¥ NMpUHLHU-
bl KOHCTPYUPOBAHHUS OTAEIbHBIX 3JIEMEHTOB U MPOCTEUIIINX COEaM-
HEHUI MallMH.



Paspen 1
TEOPETUYECKAY MEXAHUKA

1.1. OCHOBHbIE NOHATUSA U aKCUOMbI CTaTUKK

Teopemuueckas mexaHuka — 3TO HayKa, B KOTOPOMl M3y4aeTcs Me-
XaHUYECKOE IBIKCHUE TEJI U YCTAaHABJIMBAIOTCS OOLIME 3aKOHBI 3TOT0
IBIKeHUs. TeopeThyecKkasi MeXaHUKa pas3fieiisieTcsl Ha CTaTUKY, KHHeE-
MAaTHKY ¥ IMHAMUKY.

Cmamuxa — 3TO pa3fie]l TEOPETUYECKOIl MEXaHUKH, B KOTOPOM
MU3y4alTcsd 3aKOHBI MPUBENEHUSI U YCIOBUS DaBHOBECUS CWJI, AEii-
CTBYIOLIIMX Ha MaTepUaIbHbIE TOYKU. BeTpevarounyecs B npupoae Ma-
TepUAIbHBIE TeJa 007agaloT CIIOCOOHOCTHIO MOI ACHCTBUEM MPUIIO-
XEHHBIX CWI B TOH WIM UHOK Mepe NeOpMHUPOBATLCS, T.€. MEHSTH
¢dopMy BCIeICTBUE U3MEHEHUSI B3aUMHOTO PaCIOIOXKEHHUsI 00pa3yio-
1IMX Ux yactul. OAHAKO Yy OOJIBIIMHCTBA TBEPABIX TeN (METALIOB, Ae-
peBa) B HOPMAIBbHBIX YCJIOBUSIX 3TH JeOopMaliy ITPEHEOPEXMMO MaJIBL.
VYuer ux npuoOpeTaer MpaKTUYECKOe 3HAYEHKE TOJIBKO MPU OIpenee-
HUHU TIPOYHOCTH COOTBETCTBYIOILIMX KOHCTPYKUMNA. DTH BOMPOCH U3Y-
YaeT Hayka O CONpPOTHUBJIEHMU MaTepuayioB. [Ipu paccMOTpeHHM Xe
Oo0LUMX YCIOBUHA paBHOBeCHUS AeopMalMsIMU OOJIBIIMHCTBA TBEPABIX
TeJl B MIEPBOM INPUOIMXKEHUU MOXHO NpeHeOpeub. B CBs3M C 3TUM B
MeXaHHMKe BBOIUTCS MOHSTHE aOCONIOTHO TBEPIOTO TeJa.

Ab6coatomno meepdbim meaom Ha3bIBAETCS TEJIO, PACCTOSTHUE MEXIY
JIOOBIMM ABYMSI TOYKAMM KOTOPOTO BCErlia OCTaeTcs HeM3MeHHbIM. Ha
puc. 1.1 paccrossHue AB = const.

B cratike MbI OyneM paccMaTpuBaTh BCe Tejla Kak abCONMIOTHO TBEP-
Nible, B JaJbHEHIEM IS KPaTKOCTH Ha3blBasi UX TBEPABIMH TeJIaMU
WIM MPOCTO TEJIaMH.

AOCONIOTHO TBEpAOE TEJIO, pa3MEpaMU KOTOPOTrO MOXHO ITpEHe-
Opeyb, MBICJIEHHO COCPEJOTOYMB BCIO Maccy 3TOrO Tejla B TOUKE, Ha-
3bIBaeTCA MamepuasbHol moykoii. HaripuMep, IBVDKEHUE CITyTHHUKA BOK-
PYT IUTAaHETHl MOXHO pacCMaTpUBaTh KaK JBMKEHUE MaTepUAIbHON TOY-
KH, TaK KaK pa3Mepbl CITyTHUKa HUYTOXHO Majbl IO CPaBHEHMIO C

pasMepaMH TUTaHETHI.
JpyruM OCHOBHBIM TOHSITUEM B CTaTHUKE SIBJIS-

B erca cwia. Cunoli Ha3bIBA€TCS BEKTOPHAsl BEJIUYM-
y /o Ha, MpeCTaBIisoniasi co0oi Mepy MEXaHHYECKOTO
BO3JICHCTBMS OJHMX Tel Ha aApyrue. YTo Xe Takoe

MEXaHUYECKOE BO3AEUCTBUE?
Mexanuueckum 6o03delicmeuem Ha3bIBa€TCs TaKOE
Puc. 1.1 B3aUMOJIEVICTBUE MATEPUAILHBIX TEJI, B PE3YJIbTaTe



KOTOPOTO C TEYEHHEM BPEMEHHU IIPOMCXOIMUT U3MEHEHHE B3aMMHOIO
TOJIOXEHHUsI 3TUX TeJI B IPOCTPAHCTBE (MEXaHMYECKOE NBIDKEHUE) WIH
M3MEHEHHE B3aMMHOTO ITOJIOXKEHMS YacTUIl 3TUX Tes (medopMaLus).
Hanpumep, npu 1nTaMITOBKE JeTajeil BEpXHUI IITaMII, Magasi, OcTa-
HaBJIMBaeTCs B pe3yJ/ibTaTe B3aUMOAEUCTBUS C HIDKHUM TaMIioM. Ecimn
K€ MeXIy HMMHM MOJIOXKUTh 3aTOTOBKY, TO B pe3yJbTaTe TaKOro Xe
B3aUMOIEHCTBMS IIPOMCXOMMT AeHOpMalIMsl 3aTOTOBKH.

Hrak, cwia F Kak BEKTOpHasl BeJIMYMHA UMeeT MOAynb F, TOUKy
NIPWIOXEHHUS A U HanpaBlieHue (JIMHUIO IeHCTBUS CWIBI) (puc. 1.2).
ITpoekuuu BekTopa cuiabl F Ha ocM KOOpAMHAT ONpENENIOTCs Clie-
ayoimuM o6pazoM. Ha Bektope cuiibl F CTpOSIT IpSIMOYTONBHBIIM Tpe-
YTOJIbHUK, KaTe€Thl KOTOPOTO MapajuiesibHbl ocsiM Ox u Oy, a THUIIOTe-
Hy30ii sBisieTcs cwia F. Karer, mapautenbHblit ocu Ox, 6ymeT paBeH
MPOEKIIUM 3TON CUIIBI HA 3TY OCh:

F, = Fcos o.

Karer, mapajuiensHbiii ocu Oy, OymeT paBeH NMPOEKIWH CWiIbl F
Ha 3Ty OCb:

F, = F cos B.

Monym; BC€KTOpa F , T.e. 3HaYEHHE CIUIHI, OIIpEACIACTCA 110 TEOPE-

me Iludaropa:
- F = ,/ F2+F?.

Cucmemoii cun Ha3bIBAETCS COBOKYITHOCTh HECKOJIBKMX CHII, HEii-
CTBYIOLIMX Ha JaHHOE TeJIo. [IBe CHCTeMBI Ha3bIBAIOTCS IK6UBANCHMHbI-
Mu, €CIIH, IEUCTBYS Ha OOHO U TO Xe€ TBEPIOE TEJO, OHU IIPOU3BOMAT
OIMHAKOBOE MEXaHUYECKOE BO3IENMCTBHE.

Cwibl, AECTBYIONIME HA YACTHIIHI TeJla CO CTOPOHBI APYTHUX Mare-
PHAIBHBIX TEJI, Ha3bIBAIOTCA GHewHumMu curamu. CUibl, IeUCTBYIOLIHE
Ha YaCTHIIBI JAHHOTO TeJla CO CTOPOHBI IPYTHX YAaCTHUIL 3TOTO Xe TeJa,
Ha3bIBAIOTCSI 6HYMPEHHUMU CUNAMU.

y .
e
&0
F
F:v_ ﬁ
[0}
4
(0] 1‘,x X
Puc. 1.2



Ecnu nmox neiicTBUEM HAHHOM CHCTEMBI CHJI CBOOOIHOE TEJIO MO-
KET HaXOMUTHLCS B MIOKOE, TO TaKasi CUCTeMa CUJI Ha3bIBAETCS YPAGHO-
B8eUleHHOU, WA cucmemoll, 3K8UBANEHMHOU HYAI0.

Ecnu cucreMa Cyl 3KBUBaJIEHTHA OTHOM CHJIE, TO 3Ta CHJIa Ha3bl-
BaeTcsl pasHodelicmayroujeli TAHHOW CUCTEMbI CHIL.

Cua, NpWiIoXeHHas K TeJly B KaKOW-HUOYAb OMHOM TOYKE, Ha3bI-
BaeTcsl cocpedomouerrol cwioit. Cuily, IeHCTBYIOIIYIO Ha ONpeaeeH-
HYIO 4YacTh TIOBEPXHOCTH TeJia, Ha3bIBAIOT pachnpedeserHol.

Bce TeopeMbl M ypaBHEHUSI CTaTMKU 0a3MpyIOTCSI Ha HECKOJIBKHX
HMCXOIHBIX MOJOXEHUSIX, IPUHUMAaeMBbIX O0€3 MaTeMaTUYECKHUX JOKa3a-
TEJIbCTB ¥ Ha3bIBAEMbIX aKCMOMaMH. AKCUOMBI CTATUKH TTPEICTABIISIOT
co0oif pe3ysbTaT 3HaHUI, HAKOIUIEHHBIX YEJIOBEYECTBOM, M OTpaXa-
0T 00BEKTUBHBIE Mpoliecchl. CIipaBelTUBOCTh 3TUX aKCUOM IIOATBEP-
XIAeTCs MHOTOYHCIEHHBIMH OMNBITAMH M HaOIIONCHUSMM.

Akcuoma 1. JIe cwinl ( F; u F), neiicTByiouue Ha cBOGOIHOE a6-
COJIIOTHO TBEPIOE TEJIO, HAXOISATCS B PABHOBECHH TOTAA U TOJIBKO TOT-
[1a, KOTlla OHM paBHBI 110 MOIYJIIO M HAIpaBJIEHb! BIOJb OMHOM Ipsi-
MOIf B IIPOTUBOIIOJIOXHBIE CTOPOHHI (pHUC. 1.3).

Axcunoma 2. [leiicTBHe JTaHHON CUCTEMBI CHJI Ha aOCOJIIOTHO TBEPAOE
TEJI0 He UBMEHUTCS, €CIIU K Heil MpUOaBUTh WIM OT Hee OTHSTh ypaB-
HOBELIEHHYIO CHUCTEMY CHIL.

CnenctBue u3 akcuoM 1 u 2. TOYKY NPUIIOXEHUS CHIHI,
JeCTBYIO1IEH Ha aOCOJIIOTHO TBEPIOE TEJI0, MOXHO NMEPEHOCUTD BIOJIb
€e JIMHUM JCHCTBHUSA B JIIOOYI0 APYTYIO TOYKY TeJa.

IIpenmnonoxum, 4To B TOYKE A K TBEPAOMY TeJly IIPWIOXEHa CHIa
F (puc. 1.4). IIpnoxuM B TOYke B Be CHIIBI F, n F,, paBHbIE TI0
Momyimo cwie F Y HampaBlIeHHbIE 110 €€ IMHUM IeACTBHS B IIPOTHBO-
TMIOJIOXHBIE CTOPOHBI. ITo akcoMe 2 MOXHO OTGPOCUTD YPaBHOBELIEH -
Hyto cucteMmy cuwit F, u F. B pesynbrate Ha Tejio Tenepb HEHCTBYET
cwia F, paBHas cuie F, HO NMpuWiIoOXeHHas B TOYKe B.

Axkcuoma 3. [IBe CWIBI, IPWIOXEHHBIE K TEJIy B OMHOM TOYKE, UME-
10T PaBHOJEMCTBYIOLIYIO, SIBJISIIOLLYIOCS] IMATOHAJIbIO MapajLIeiorpam-
Ma, MIOCTPOEHHOT0 Ha 3THX CIJIaX Kak Ha ctopoHax. Bekrop R (pwuc. 1.5)
npeacTaBisieT co60if reoMEeTpUYECKyIo CyMMY BeKTopoB F, u F:

R=FK+F,.

Puc. 1.3 Puc. 1.4



N3 akcuoMel 3 cienyer, UTo paBHOAEMCTBYIONIAST IBYX CHJI, IPHJIO-
XEHHBIX B OTHOM TOYKE, paBHA UX 2e0Mempu4eckoli cymme U TIPIIoXe-
Ha B TOM Xe TOYKE.

AxcrHoma 4. /IBa MaTepMaJIbHBIX Tejla IEUCTBYIOT APYT Ha Apyra C
CWIaMH, paBHBIMH T10 BEJIMYMHE M IPOTUBOIIOJOXHO HaIlpaBJIEHHBI-
MH. Takast cuicTeMa CIUT He SIBJISIETCSI YPaBHOBEIIEHHOM, TaK KaK CHJIbI
MPWIOXEHBI K pa3HBIM TeJIaM.

Axcuoma 5. Eciin necopMupyeMoe Tejio HaXOOUTCSI B paBHOBECHHU
o, IeCTBUEM JAaHHOM CUCTEMBI CWJI, TO PaBHOBECHE HE HApYIIUTCS,
€CJIM TeJla CTAHYT abCOJIIOTHO TBEPIbIMU.

DrTa aKCHMOMa Ha3bIBaeTCsI aKCMOMOI 3aTBepaeBaHus. M3 akCHOMBI 5
CJIEyeT, YTO 3TO YCJIOBHUE, ABJISASICH HEOOXOOUMBIM M JUIsE aGCOIIOTHO
TBEpAOTo Tejla, U Wi n1ehOPMUPYEMOTO, HE SIBJISIETCS IS MOCJIEMHETO
JIocTaTOYHbIM. B pa3a. 2 6yneT paccMaTpuBaThCsl IOCTaTOYHOCTb PaBHO-
Becus 1e(OpMHUPYEMBIX TEJ.

1.2. CBA3M U UX peakuum

Teslo, KOTOpOE MOXET COBEPIIAThH JIIOObIE NMEPEMEIIEHUS B TPO-
CTpaHCTBE, Ha3bIBAETCS C80600HbIM; TIPUMEPOM CBOOOTHOIO Tejla MO-
XET CJIyXUTb CaMOJIET WY CHapsiA, JeTsiiye B Bo3ayxe. B paznuyHoro
polia COOPYXEHHSX X KOHCTPYKLIMSIX Mbl OOBIYHO BCTpeYaeMcs C Tea-
MM, Ha TlepeMellieis KOTOPHIX HAJIOXeHbl orpaHndYeHus. Takue Tena
Ha3bIBaIOTCSl Heco000Hbimu. Teslo, orpaHUYMBaKOLIEe CBOOOIY ABIXKE-
HMSA TBEPAOIO TeJa, SABJISIETCS II0 OTHOIUEHUIO K HeMY céa3vio. Eciu
MPWIOXEHHBIE K TeJIy CHIBI OYIYT CTPEMUTBCSI CIBUHYTH €r0 I10 TOMY
WIM HHOMY HaIlpaBJIEHUIO, a CBSI3b IPEMSTCTBYET TAKOMY IepeMeliie-
HMIO, TO TeJIo OyIeT BO3MeCTBOBaTh Ha CBA3b C CUA0U 0aéneHus Ha
c6A3b.

Ilo akcruoMe 4 CTaTUKU CBSI3b OyIeT IeMCTBOBATh Ha TEJIO C TAKOM
Xe CWIOH, HO NPOTHBOIOJOXHO HampasieHHOW. Cuiia, ¢ KOTOpOit
JAHHas CBS3b JEWCTBYET Ha TeJIO, MPETATCTBYS TOMY WJIM MHOMY Iie-
peMeEILEHHIO, Ha3bIBAETCS CUAOU peaKyuu CBSI3H.

M3 u37103XKeHHOTO ClieayeT MPHHIMA 0CBOOO0XKIAeMOCTH TBEPAOTO TeIa
OT CBSI3Y, WJIM aKCHOMA CBA3H: BCSIKOE HECBOOOAHOE TeJo (puc. 1.6, a)
MOXHO pacCMaTpUBAaTh KaK CBOOOIHOE,
€CJIM MBICTIEHHO OTOPOCUTH HAJIOXEH-
HbIE Ha TeJIO CBSI3M U MPWIOXUTh BMe-
CTO HMX CHJIBl peakIlMM 3THX CBS3eil
(puc. 1.6, 6). Ha puc. 1.6 mg — Bec Tena,
N — peaxiiusi cBsi3eil.

4

Cwibl, OedCTBYyOIIME Ha Tena, Oy- N
JeM pa3lessiTh Ha 3aJaHHbIE, WIA aK- a 6
TUBHBIE CHJIbI, M PEAKLIMM CBSI3EM, WIH
MacCUBHBIE CHTBI. Puc. 1.6



Monynb U HampaBjieHUEe KaXOOil akmueHol cuabl U3BECTHHI 3apa-
Hee M He 3aBUCST OT JeHUCTBUS APYTHX MPUIOXKEHHBIX K JAHHOMY TelTy
cwit. [IpuMepaMy aKTUBHBIX CHJT MOTYT CITY>XKMTh MYCKYJIbHasl CHJIa 4e-
JIOBEKa, CIJIa TSDKECTU, CHIAa CXAaTOM IPYXUHEIL.

Peakiuyy cBsI3M Ha TMOKOSIIIEECH TEJIO BO3HUKAIOT JIMIIDb B TEX CIIY-
yasx, KOrma 3To TeJlo IOA AEMCTBHEM aKTHMBHBIX CHUJI OKa3bIBaeT HaB-
JIEHHUE Ha CBsI3b, IO3TOMY OHU M HA3BIBAIOTCS naccuenvimu curamu. Ilo
aKCHMOME CBSI3M peakilvs CBS3M HaIlpaBjieHa B CTOPOHY, ITPOTHBOIIO-
JIOXHYIO TOM, Kyla CBSI3b HE aeT nepeMeiiatbes Teay. CiegoBaTelb-
HO, €CJIM U3BECTHO, B KAKOM HaImpaBJICHUHU CBSI3b MPEISITCTBYET IIe-
peEMENIEHHUIO TBEPAOro Tejia, TO M3BECTHO M HAMpaBJIeHHE peaKInu
CBSI3U.

PaccMoTpuM Hanbosiee 4acTo BCTPEYaIOLIMECs TUTIbI CBS3EH.

l.Tnmankass moBepXHOCTH WIM IJIOCKOCTbH. ['mankoii 6y-
JIeM Ha3bIBaTh TaKylo MOBEPXHOCTb, HA KOTOPO# B IIEPBOM IPUOIIILKE-
HHUH MOXHO NpeHebpeus TpeHUeM. CBsI3b B BUJIE INIAAKOU MMOBEPXHOC-
TH He JaeT TeJTy IepeMeIlaThCsl TOJbKO B OHOM HaIlpaBJIeHUM — Tep-
TIEHAMKYJIAPHOM K 3TOM MoBepXHOCTH. [103TOMy peakuusi riaakoun
MOBepXHOCTH N HampapJieHa 110 HOPMaJd K 3TOH IOBEPXHOCTH H
TIPUJIOXEHA K TeJy B TOUKe KacaHus (cM. puc. 1.6, 6). Ha puc. 1.6, 6
TeJI0 U306pakeHO OCBOGOXIEHHBIM OT CBSI3HU.

B nanpHeifieM py pacCCMOTPEHUM PaBHOBECHSI HECBOOOIHOTO Teja
peaxkimio CBsI3U OynmeM n300paxaThb Tak, KakK IoKa3aHo Ha puc. 1.7. Ha
3TOM pUCYHKE TIpUBEIEHBI CBSI3U B BUIE 21adkux evinykaoi (puc. 1.7, a)
u eoerymoii (puc. 1.7, ) moBepxHocTeit, a Ha puc. 1.7, 6 — B BuIe
naockol 21adkoii TOBEPXHOCTH.

2.Tnankass omopa. CBs3b, OCYIIECTBIIEHHAs! B BUIE IJIaIKOH
OIIOpHI, HE JaeT TeJly MepeMelaThbCsl B HalpaB/IeHUH, MEPIeHANKY-
JIIPHOM K TIOBEPXHOCTH Tejia B Touke oropsl (puc. 1.8). BugHo, 4to
peaxkiys TJIagKou OIophl HaIlpaBjieHa IT0 HOPMaJX K ONUpalolIencs
MOBEPXHOCTH M MPUIIOXKEHA K TelIy B TOYKax KacaHusi A u B.

3. Hutb. CBa3b, OCyllIeCTBIIIEMas B BIAe rHOKO0il HUTH (puc. 1.9),
He TTO3BOJISET TNy YIAIAThCS OT TOYKH A, IO3TOMY peakliusi CBsI3U 1
BCETrJa HarpapjieHa BIOJb HUTH K TOYKE €€ 3aKpeTUICHUSI.

— N i
N N
A
mg
mg
a 0 8
Puc. 1.7
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S|

Puc. 1.8

4. Junuuapudyeckuin mapHup. Ha puc. 1.10 uzodbpaxeHa
HIAPHHUPHO-HEIMOABUXKHAA ONopa Bajila, OCbh KOTOPOTO IMPOXOIUT Yepe3
HIapHUpP A NEePHeHAUKY/ISIPHO K TUIOCKOCTU YepTexa. LinmuHapuuec-
KUii IapHUp A HOMyCKaeT BpallleHUe Bajla, HO MPEMSTCTBYET €ro Ie-
PeMELLEHUIO B TUIOCKOCTH xOy. I103TOMY peakiuusi HMIMHAPUYECKOTO
mapHupa R pacnojioxeHa B ILTOCKOCTH, ITEPIEHIUKY/ISIPHONA OCH BO3-
MOXHOTO BpallleHUsl, ¥ €€ HalpaBjIeHUe OIPeNesIsIOT ABe B3aMMHO-
MEepIICHANKYJIApHbIE MPOoeKIMU Ha ocu Ox u Oy.

5. HeBecoMblii cTepxXeHb. 2)KecTKUI HeBECOMBIH (Maccoi
€ro IpeHeOperaioT) CTepXeHb, LIADHUPHO IPUKPEIUIEHHBIA K Texy
(puc. 1.11, a), UCHBITBIBAET AEMCTBUE TOJBKO ABYX CHJI, TIPWIOXEH-
HbIX B IapHupax Au B (puc. 1.11, 6). Kak u B KOHCTpYKLMS, CTEP-
XeHb AB HaxonuTcs B paBHOBeCHH. Eciu cTepXeHb HAaXOOUTCS B paB-
HOBECHH TOJ NEeHCTBUEM IABYX CWJI, TO B COOTBETCTBUM C aKCHOMOIi 1
CTaTUKH 3THU CWJIbI JOJDKHBI ObITh PaBHBI 10 MOAYJII0, HO IPOTHUBOIIO-
JIOXXHO HAampaBJIEHbl 10 OAHOM JIMHUM OEUCTBUS, T.€. R; =—-R;, a Ux
monyim R, = R, = R.

B oTiMuMe OT HUTH CTEPXEHb MOXET ACHCTBOBAaTh Ha TEJIO B IBYX
HaIpaBJIeHUSIX, MCITBITBIBAS MO0 cxatue (cM. puc. 1.11, 6), 1mbo pac-
TSDKEHHUE.

6. XKecmkas 3adeaka. 3anenka (puc. 1.12) UCKII0YaeT BO3MOXHOCTh
JIIOOBIX TIepeMellieHUit BOosib oceit Ox u Oy, a Takke ITOBOPOT B ILTOC-

R,

Puc. 1.10
11



Puc. 1.11 Puc. 1.12

Koct xOy. I10o3TOMy Takasi CBA3b NPU OCBOOOXIEHUM TejIa OT CBA3M
Oymer 3aMeHAThCS peakuved R (M ee mpoexumsMu R, u R, u Mo-
MEHTOM B 3azieyike M,).

1.3. NMNnockasa cucrtema cun

CucrtemMa CWI, JIMHUHU JEHCTBUS KOTOPBIX JIEXAT B OAHOM IUIOCKO-
CTHU, Ha3bIBaeTCs naockoli. Ha TUIOCKOCTH MOTYT ObITh TIPUJIOXKEHHI ITPO-
HU3BOJIBHO PACIOIOXEHHBIE CHJIbI, TTAphl CHJI M CHJIbI, CXOASIIUECS B
OIIHOM TOYKE.

PaBHoBecHE CHCTEMbI CXONAMMXCA CHI. Cxo0auumucsa Ha3bIBaloOT-
Csl CWIBI, JUHUU HeHCTBUS KOTOPHIX I€pECEKalOTCs B ONHOM TOYKeE
(puc. 1.13, a). CyiecTByIOT Ba METOAA CIOXEHUS NepeceKaroluxcs
CIJI: TeoMeTpudecKuii (puc. 1.13, 6) u aHanuTUyecKuit (puc. 1.13, 6).

lFeoMeTpHUYEeCKHUH METON CIHOXEHHUS CXOASAUWIMUXCH
cuJ. OT MPOU3BOJIbHOM TOUKU O OTKJIaJbIBa€M BEKTOD, PABHBIH CIJIE
F; ot xoHuia F, oTkiameiBaeM BeKTOp, paBHbIN cuie F,, u T.O. (CM.
puc. 1.13, a, 6). 3aTeM, coeMHsAs HAYaI0 BeKTOpa F; C KOHLIOM IOC-

negHero F,, mosyyaeM paBHOIEHCTBYIOLIyIO Bcex cil. ITocTpoeHHas
(urypa Ha3bIBaETCH CUI0BbIM MHO20Y20AbHUKOM.
AHaJUTUYECKHUN METOJ CIOXEHUSA CXOOAU[UXCH

cun. IIpoekTupys BekTopHOe paBeHCcTBO F + F, + F; = R Ha ocH Ko-
opauHar (cM. puc. 1.13, 6), noayyum aBa aaredbpandyecKux paBeHCTBaA:

le+F2x+F3x=Rx;
F1y+ F2y+ F3y= Ry,

Ficosa, + Fycosa, + F;cos oz = Rcosa;
Ficos B, — Fxcos B, — F5cos B3 = —Rcos B.

12



C yuetoMm Toro, yTo Rcos o = R,, Rcos B = R,, onpenenuM 3Ha4eHHE
PaBHOJEMCTBYIOLIEHN BCEX CXOMSILIUXCS CHII

R=\R?+R’

M HampaBjJieHHEe BeKTopa R

R

cosa—&' cosp=—
R’ R’

YcioBueM paBHOBECHSI CUCTEMbBI CXONSILUUMXCSI CHJI SIBJISIETCS pa-
BEHCTBO HYJII0O MOYJ/Isl paBHOAEMCTBYIOLIEH R, T.e. CUJIIOBOH MHOIO-
YTOJIbHUK JOJIXEH OBITh 3aMKHYTHIM (TIPU F€OMETPUYECKOM criocobe
CJIOXEHHS ) WK (AaHATUTHYECKH ) MTPOEKLIUM PABHOIEHCTBYIOLICH CHIbI
Ha OCHU KOOpIMHAT JOJDKHBI ObITH paBHEI HYJIO (R, = R, = 0). Otclona
JUTSI TUTOCKOM CHUCTEMBI CXOISILMXCSE CUJT MIOJTyYUM JBa YPaBHEHMS paB-
HOBECHS 3TUX CUIL:

Y F,=0; Y F,=0.

CienoBarejibHO, 015 PaBHOBECUSA CUCTEMbI CXOAALLMXCS CUl Heobxo-
AVMO 1 [OCTaTO4HO, 4TOObLI CyMMa NPOEKLMIA BCEX CUJT Ha KaXayio U3 0cein
KoopauHat 6bina paBHa Hynio.

Fl le
a 0 R, =
_ R
Ez 6
o
F A
B
7] Puc. 1.13
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Puc. 1.14

IIpamep 1.1.

Onpenenutp HaTSDKEHUE HUTEH, yIepXUBaIOLIMX Teio BecoM 5 H B pas-
HoBecuH (puc. 1.14, a).

PemeHnue.

IIpu peleHnM 3a0a4y CTaTUKK HEOOXOOUMO MPHUIEPXUBATBCS OIpeNeIeH-
HOI MOCJIENOBaTeIbHOCTH. B TaHHOM npuUMepe MoAPOOHO U3JIOXKEH MOPSAAOK
pelleHUs 3a1ay TaKOro TUIIA.

1. Coenath cxeMaTHYECKHIA YepTeX KOHCTPYKLIMK. BeIOpaTh 00BeKT (CTEp-
X€Hb, TBEpAOE TEJO M T.II.), PABHOBECHE KOTOPOTO CJEXYET PaCCMOTPETh,
TIPUYEM MCKOMBIE Y 3aJaHHbIE BEJIMYMHBI JOJDKHBI OBITH C HUM CBSI3aHbI. B 3T0iA
3a1a4e UCXOQHbIE JaHHbIE (BEC, YIJIbI O M ) 1 UICKOMBIE BEJIMYUHBI (HaTSKE-
HMSI HUTEH) CBSI3aHBI C TeJIoM BecoM 5 H, T.e. oHO siBiisieTcss 06sexmom pas-
Hogecus.

2. OcBOOOANTBCS OT CBSA3EH M NPWIOXHUTh K PaCCMaTpUBAEMOMY OOBEKTY
paBHOBECHsI BCE aKTUBHBIE U MacCUBHBIE CWIBL. K 3TOMYy 3Tamy peuieHus 3a-
a4y cjieqyeT OTHECTHMCh OCOOEHHO BHMMATENIbHO. YPaBHEHHUsI paBHOBECHS,
U3y4yaeMbi€ B CTaTUKE, IPUBOASTCS TOJIBKO [UIsi CBOOOAHBIX Tel. [loaTomy cie-
JIyeT XOpOolLuo 00ayMaTh, KaKKe peaKLuK CBsI3eil MpU OCBOOOXAEHUH OT IOC-
JIEAHUX HYXHO IIPOCTaBUTb Ha YEpTEXKE.

B manHOM ciyyae cBsi3siMU sBSIOTCS HUTH AB u DE. TIpu 0cBOGOXIeHMH
OT CBsi3eil 3aMEHsIEM MX COOTBETCTBEHHO HaTsDkeHussMu 11 u T2 (puc. 1.14, 6).

3. IIpoaHanu3UpoOBaTh MOJTYYEHHYIO CUCTEMY CUJI. Telo HaxoaUTCs B paB-
HOBECHM IIOJ JeHCTBHEM ITUIOCKOW CUCTEMBI CXOISLUUXCS CWJI (JIMHUM UX Jeid-
CTBHUS TIEPECEKAIOTCS B LIEHTpe Iapa). s TaKoil CUCTeMBI CHJI UMEIOTCS IBa
ypaBHEHUs1 paBHOBeCHS. YHMCIIO HEM3BECTHBIX B 3THX YPaBHEHMSIX TaKXe paB-
HO IBYM, CJIEAOBAaTeJIbHO, 3a/laya CTaTHYECKHU OIpeaesMMa.

4. 3anucaTh YCJIOBHUSI PaBHOBECHSI B BEKTOPHO# (rpacdhuyecKoii) Wi aHa-
nutnyeckon popme. HaiiTi HeU3BeCTHBIE BEIMYUHBL.

B naHHoOIM 3a1aye UCIONb3yeM aHAUTUTUYECKUI METOA pelieHHUsI. 3aruchi-
BaeM ypaBHEHHUSI PaBHOBECHS IUIOCKON CHCTEMBI CXOMSLIMXCS CHUIL:

3 3
ZFLX =O’ ZEy =0’
i=] i=l
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-T; cos60° + T, cos30° = 0;
T, cos30° + T, cos 60° — mg = 0.
PelliuB MOJy4eHHYIO CUCTEMY YPAaBHEHMIA, ONIPENEIMM HATSXKEHHE HUTEH:

T'=434H; T,=2,5H.

MomeHT CHIbl OTHOCHTEIbHO TOYKH. Ciula, NefCTBYIOIIAs Ha TeJo,
MOXET He TOJIbKO CMEILUATh €ro, HO M MOBOPAaYMBaTh BOKPYT KaKOM-
HuOynb Touku. Ilycth cuna F, TIpwioXeHHass B TOYKE A, CTPEMUTCS
TOBEPHYTH TeJ10 BOKPYT Touku O (puc. 1.15). [IocKONBKY CHITy MOXHO
TEePEHOCUTD IO JIMHUM €€ NEeMCTBUS, TO BpalllaTebHbIN 3(pdeKT 3TOM
CWIBI He OyJeT 3aBHCETh OT TOrO, B KaKOi TOYKE 3Ta CHJIA IPUIIOXKE-
Ha, a OyJer 3aBHCETb OT PACCTOSIHUS A OT TOYkKH O IO JUHUU HOEH-
CTBMSI CHJIBI.

Momenmom cuavt F OTHOCHTENIBHO HEKOTOPOro LeHTpa O Ha3biBa-
€TCS BeJIMYMHA, paBHasi MTPOM3BEIEHHUIO CIJIBI Ha KpaTyaiilliee paccTo-
sTHWE OT TOYKM O IO JTMHUU OEHCTBHUS CHJIbI U B3SITasi C COOTBETCTBY-
IOIIMM 3HAKOM. 3HaK «IUTIOC» COOTBETCTBYET MOMEHTY CHJIBI, KOTOpasi
CTPEMUTCS MOBEPHYTh TEJIO BOKPYT TOYKM O MPOTHB XOIda YacOBOM
crpenku (cM. puc. 1.15, a), a 3HaK «MUHYC» CTABUTCSI, €CJIM CWJIA CTpe-
MHTCS TIOBEPHYTH TEJIO IO HAIIPaBJIEHUIO IBUXKEHUS YACOBOM CTPEIKHU
(cM. puc. 1.15, 6). Ecnm nuHUs KEUCTBUSI CHJIBI IIPOXOIUT Yepe3 TOUKY,
TO MOMEHT CWJIbI QTHOCUTEJILHO 3TOM TOYKM paBeH HYJIIO.

IlepnieHouKynsip A, onyiieHHbIH U3 TOYKKM O Ha JIUHUIO OEHCTBUS
cwisl F, Ha3biBaeTcs ee naevom omuocumenvro yenmpa O.

ITapa cua. Cucrtema ABYX paBHBIX 10 MOIYJIIO, IApaJUIeIbHBIX U IIPO-
TUBOIIOJIOXXHO HaIlpaBJIEHHBIX CHJI, IPWIOXEHHBIX K TEJIy B ABYX pa3-
HBIX Toukax (puc. 1.16, @), Ha3bIBaeTCA napoi cua.

Ilnewom nape: h Ha3BIBaeTCS KpaTdaiiliee pacCTOSTHUE MEXIY JIMHM-
SIMU I€MCTBUS CHJI, COCTaBJISIIOIUX Napy. Momermom napwt cua Ha3bl-
BaeTCs B3SITOE CO 3HAKOM «ILTIOC» WIM «MHHYC» TIPOM3BEIeHHE MOIY-
JIsl OMTHOM M3 CIJI Ha IUIeYO Iapshl.

momo (F) =+h-F momg(F) =—h -F
a 6

Puc. 1.15
15



Puc. 1.16

CBoiicTtBa mapsl cui 1. CyMma npoeximii Ha 1o0yi0 OCh CHII,
00pa3yolux mnapy, paBHsaeTcd Hymo (puc. 1.16, 6):

Fxcosa — Ficos o= 0.
CrienoBaTeIbHO, Mapy CWI HeNb3sl 3aMEHUTh PaBHOAEHCTBYIOLIEH.

IIpumep 1.2.

Boiuucauth MOMeHTH nap cu1 F, u F, (cM. puc. 1.16, a U 6), yuuThiBas
yro Fi=F,=F.

PeweHue.

Mowmenr napsl cu1 F, U F,, npeicTaBieHHbIX Ha puc. 1.16, a:

mom (F, F,) =+FRh = +Fh.

MowmeHr napsi cit B, u F, npenctaBieHHBIX Ha puc. 1.16, 6

mom (R, F)=-Fh=-Fh.

2. CyMMa MOMEHTOB CWI, 06pa3syIoOlIUX 1apy, OTHOCUTENbHO JIIO-
60#f TOYKH TTIOCKOCTH, B KOTOPO#i pacroioxXeHa rapa, paBHSAETCS MO-
MeHTy napsl (cM. puc. 1.16, 6):

mom, (F) = -Fd = -Fd,
momy (F,) = +Fl = +Fl,
momy (R )+momy (F)=-Fd+ Fl=-(d-I)F =-Fh.

IIpuBeneHne MWIOCKOH CHCTEMBbI CHJI K 3aJaHHOMY ueHTpy. I1ycTs Ha
TBEPIOE TEJIO AEHUCTBYET CUCTEMA CII F, F, .., F, (puc. 1.17, a).

HpI/IJ'[O)K]/IM B Touke O mo aBe YPABHOBCILICHHBIE CHJIbI, OIHA M3
KOTOPBIX OyoeT paBHAa MO MOAYJIO M IapajieJbHa 3aJaHHOM:
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F' =F,.., F, =F, anpyras — paBHa, HO HanpaB/ieHa B IPOTHUBOIIO-

JIOXHYIO CTOpOHY: F’=-F,.... F’'=—-F,.
Tenepb Ha TeJIO AEHCTBYIOT: cucTeMa cxonammxcs cwt K, E,...,F, u

'’
’

CHCTeMa Map CHI C MOMEHTaMHU m; = mom (F, , F]), m, = mom(Fz, Fz’)
vy My = mom(F,,,E,"). CucreMy CXONSILLMXCS CHJI 3aMEHSIEM PaBHO-

peiictyloweit (puc. 1.17, 6): R = F'+ F +...+ F, wiu (4T0 BBITEKaeT

m3pasercrea F, = K ut.n) R=F +F +...+ F,. B cooTBeTCTBMH CO

BTOPBIM CBOJMCTBOM Iaphl CMJI HaiiieM anre6pandyeckyio CyMMYy MoO-
MEHTOB BCEX Iap:

M0=m|+m2+...+m,,.

Pesynbrar 3THIX TpeoOpa3oBaHuii copmynupoBaH B Jemme Ilyan-
€O: NPOU3BONBLHYIO NAOCKYIO CUCTEMY CU MOXHO 3aMEHUTbL OHOM CUIION,
pPaBHOM reOMETPUHECKON CyMME BCEX CUJ1, NPUNOXEHHbLIX B NPOMU3BONILHO
BbIOPAHHOM LIEHTPE, N MOMEHTOM, PaBHbLIM anrebpanyeckoit CyMMme Mo-
MEHTOB NPUCOEANHEHHbIX Nap. B

IlonyyeHHasi B pe3ynabTaTe NpUBEAeHMUSI cHia R Ha3bIBaeTcsl pe-
3yabmupyroweld cuaod (OHa He SIBJISIETCSI paBHONEUCTBYIOLLEH 1S 3a-
JIaHHOM CUCTEMBI CWJI, TaK KaK HE 3aMEHsSIeT MX OeWMCTBUS), a My —
DE3YAbMUDYIOUUM MOMEHMOM.

B TeopeTHYECKON MEXaHMKE TIPUHATHI CJIEAYIOLIME ONpeNeeHus:

1. Touka O Ha3bIBAETCA LLEHTPOM NPUBEAEHWS.

2. Bektop R, paBHbIi reOMETPUYECKON CYMMe BCEX CUJl, IBNSIETCH
rnasHbIM BEKTOPOM. Ero 3aHadeHune He 3aBucuT OT BbIGOpa LieHTpa npuse-
AeHus, T.e. R — nHBapuaHTHasi BennymHa.

3. MoMeHT My, paBHbIi anrebpanyeckon CyMMme MOMEHTOB Npucoeam-
HEHHbIX Nap, Ha3bIBAETCA r/1aBHbIM MOMEHTOM; €ro 3Ha4eHNe 3aBUCUT OT
BbIOOpa UEHTPa NPUBEAEHUS.

F] =1

P R I

CHIHG R

Puc. 1.17
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YacTHBIE CJIyYaW NMPHUBEIECHHUS:

1) R=0, My =0 — rutockasi CHCTeMa CWJI HAXOAUTCSI B PaBHOBE-
cUH;

2) R=0, My, # 0 — cucreMa cwi IPUBOAMUTCA K Iape ¢ MOMEH-
TOM, PaBHBbIM aire0pauyeckoil CyMMe MOMEHTOB BCEX CHUJ OTHOCH-
TEJIbHO LIEHTpa MpUBENeHUs. B 3TOM ciTydae rj1aBHbIit MOMEHT He 3aBU-
CHMT OT LIEHTpa NpUBEACHUS;

3) R#0, M,=0 — cucTema CHI IPUBOIUTCS K OXHOI paBHOMEH-
CTBYIOLLIECH CHIE, IPWIOXEHHON B TouKe O; IJIaBHBIM BEKTOpP B 3TOM
clry4ae sIBJISIETCSl paBHOJEUCTBYIONIEH, TaK KaK OH OAWH 3aMEHSET CO-
BOKYITHOCTb IE€MCTBYIOLIUX CHIT;

4) R#0, My # 0 — cuctemMa CIJI MOXeT GbITh 3aMeHeHa OJIHO
PaBHOIAEHUCTBYIOLLCHA CWJION, MPUJIOXEHHOM B HOBOM LICHTPE ITpUBE-
IEHUS1, pacIiojlOXXeHHOM OT IpexXHero Ha paccrosHuM d = My/R.

AHAIMTHYIECKHE YCJIOBHA PABHOBECHA ILIOCKOH cHcTeMsl ciia. Heob-
XOOUMBIMU U AOCTAaTOYHBIMM YCJIOBUSIMM DABHOBECHUS SIBJISETCS pa-
BEHCTBO HYJIIO IJITaBHOTO BEKTOpPA U IJITaBHOTO MOMEHTA:

R=0 uM,=0.

CIpoeKTHpOBaB BEKTOp R Ha 0CH KOOPAMHAT, MOJIydMM
- = - 2 2
R =0u R, =0, 1ak kak R =/R?+R?.

3Has, yto R, ZF u R, 2 > TIOJIy4UM aHAJIUTHYECKHUE yC-
=1
JIOBHS PaBHOBECHs! TIPOM3BOBHOM TUTOCKOH CHCTEMBI CHUT:

n

iFu=0; Y F, =0; Zmomo(F) 0.
i=l1

i=1 i=1

S

YacTo 3TH YypaBHEHMS Ha3bIBAIOT OCHOGHbIMU YPAGHEHUAMU PABHO8E-
cus. B 3aBMCHMMOCTH OT pacIOJIOXEHHUsI CHJI MHOTIA 1IeJIeCO00pa3HO
COCTaBJISITDb YCJIOBUSI PABHOBECHUS B BUIIE IBYX YPAaBHEHHII MOMEHTOB 1
OMHOIO YpaBHEHHUS IPOEKIIMIA:

n n — n -

Y Fy =0; Y mom,(F)=0; Y momg(F)=0

i=1 i=l i=l
B aToMm ciryqyae ocb Ox He DO/DKHA OBITh MEPIIEHOUKYIsIpHA AB.
MoxHO 3anmucaTh ypaBHEHUsI pABHOBECHSI B BUIE TPEX YPaBHEHU N

MOMEHTOB OTHOCHUTEJIBHO TpeX TodeK A, B u C, He jiexXalux Ha OqHOi
MIPSIMOM:

3 mom,(F) =0; 3 momy(E)=0; 3 mome(F)=0.
i=1 i=1 i=1
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IIpumep 1.3.

Ha ¢epmy Becom 100 kH neiictByet Betep ¢ cunoii F= 20 kH. Onpenenuts
peakiiuy onop.

PemeHue.

1. 3a 06BeKT paBHOBeCHS BHIOMpaeM depmy.

2. OcBoboxmaeMcsi OT CBSI3eil M 3aMeHsieM MX OEeHCTBUE peaKILUSIMH
(puc. 1.18).

3. B pe3ynbrare aHayiu3a MOJyYEHHOW CHCTEMBI CHJI YCTAHABJIMBaEM, YTO
¢epma HaxoAMTCS B pPaBHOBECHM IOX INEHCTBHEM ITPOM3BOJIBHOM IUIOCKOM
cucteMsl ciil. Cire1oBaTeNIbHO, CYIIECTBYIOT TPY YpaBHEHHs paBHOBecHus. Co-
MOCTaBUB YMCJIO HEU3BECTHBIX MICKOMBIX BeIMYUH Np, X, u Y, c uuciom ypas-
HCHMﬁ, JAcJ1a€M 3aKJIIOYCHHUE, YTO CUCTEMA CTATHUCCKH OIIpEACIMMasi.

4. 3anucbpiBaéM YpaBHEHHMS] paBHOBECHS IS KOHKPETHOM 3aayu:

5
F, =0; Ngcos 60° + X, — 20 = 0;

F, =0; Nzcos 30° + Y, - 100 = 0;

e

(%3

1

5. Pelast moJiyyeHHYIO CUCTEMY YpaBHEHHIA, OTpeaeisaeM:
Y, =46 kH; Ny = 62,4 xH; X, =-11,2 kH.

Peakuus XA noJiydyujaacb CO 3HaKOM «MHHYC»; 3TO O3HA4YacT, YTO (baKTH-
YECKOE €€ HamnpaBJICHUEC ITPOTUBOIIOJIOXHOE.

momg(F)=0; —100-10 + ¥,-20 +20-4 = 0.
1

IIpumep 1.4.

MocCT COCTOMT M3 ABYX YacTeil, CBSI3aHHBIX MEXIY COOOM LIMUIMHIPHYEC-
KUM 11apHUpoM C U NMPUKPEIUIEHHBIX K O€pErOBbIM YCTOSIM HIapHUpaMHu A U B.
Bec kaxnoii yactu Mocta G, = G, = 130 KH, UX LIEeHTpPHI TSLKECTH pacloioxe-
HBI Ha pacCTOSIHUM 1,5 M OT Kaxnoi onopsl U HaxonsTcs B Toykax D u E. Ha
MOCT BO3AEHCTBYIOT ciwibl F| u F, OT rpy30B, JieXallMx Ha MocTy. Bec atux
rpy3oB F; = 10 kH u F, = 40 kH. PasMepn MocTa M pacroJioOXXeHHe IPy30B

y

20m

Puc. 1.18
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yka3aHbl Ha puc. 1.19, a. Onpenenuts naBieHue B wapHupe C U peakiuuu B
onopax A 1 B.

Pewenue.

1. Beibop o6bekTa paBHOBecus. Ecin 3a 06beKT paBHOBECHS BLIOpaTh MOCT,
TO, OCBOOOIMBILUCH OT CBf3€ii — HIADHUPOB A U B, — OynemM UMeTb YeThIpe
HEU3BECTHBIX peakumnu Xy, Y,, Xp, Yz DTH yeTbipe HEU3BECTHBIE CWIbI HEJIb3sl
OTpeie/IUTh U3 TPeX YPaBHEHUI paBHOBECHS TUIOCKON CHCTEMBI CHJI, TPUJIO-
XEHHBIX K MOCTY, pacCMaTpMBaeMOMY KakK ofHoO TeJio (puc. 1.19, 6). IToatomy
3a 00bEKTHl paBHOBECHS BbIOEpEM JIEBYIO M MIPaBYIO YaCTH MOCTA, COCANHEH-
Hble mapHupoM C, IIpou3Bens ero pacwieHeHue (puc. 1.19, g).

B uucio BHEMIHMX CWJI, JEMCTBYIONIMX Ha KaXAyl0 4YacTh MOCTa, BOMAYT
peakLuH OTOpOlIeHHOM YacTH X¢ = -X¢ U Yo = V¢, npuioxeHHbIe B TOY-
ke C, KOTOpbI€ VISl BCEr0 MOCTa SIBJISIIOTCSI BHYTPEHHUMHU CHJIaAMH.

2. Jlns IJIOCKOM CHCTEMBI CHJI, MPUJIOXEHHBIX K KaXJO0i 4acTM MOCTa,
MOXHO COCTaBHTb MO TPU YPAaBHEHUS] PaBHOBECHS] M U3 LIECTH ypaBHEHUM
OIpene/IUTh HIECTb HEM3BECTHBIX BeTUYUH: Xy, Y,, X, Y5, Xcu Y. Cnenosa-
TEJIBHO, 3aJlaya CTaTUYECKH ONpeaenMas.

5MF|2I\_4 am By 3m

%l

N8

A\
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3. 3anucbiBaeM ypaBHEHHUsI paBHOBECHUSI TJIOCKO# cUCTEMbI CUJI. B 3Toit 3a-
Jlaye CHCTeMa LUECTH YpaBHEHWi IOJy4yaeTcsl Mpolle, €CIM CHayajla coCcTa-
BUTb TPH YPaBHEHHUSI PaBHOBECHS CWJI, MPUJIIOXKEHHBIX KO BCEMY MOCTY, pac-
CMaTpyMBaeMOMY KaK ONHO TejlO, a MOTOM — YPaBHEHUS PaBHOBECHSI CMII,
MPUWIOXEHHBIX K OAHOM YacTH.

PaCCManHBaCM PaBHOBECHE CHUJI, ITPUJIOXKEHHBIX K MOCTY, KaK K OODHOMY
TeJly, U COCTaBJIsieM YPaBHEHUS] PAaBHOBECHS ILIOCKON CUCTEMBI CWIIL:

S momy(F)=0; - G-1,5- F,-5— Fy- 11— Gy 12,5 + Y- 14 = 0;
i=1

S F, =0; X+ X;=0;

i=1
S F, =0, Y+ Yy~ G - F - F,~ G, = 0.
i=1

IToacrasisieM MCXOnHbIE JaHHbIE B 3TU YPABHEHHUS U ONPEAEIISIEM HEU3-
BECTHBIC PCAKILIUU:

-130-1,5-10-5-40-11-130-12,5+ Y- 14 =0, otkyna Yz = 165 kH;
XA+XB=O;
Y,+ 165 -130- 10 - 40 - 130 = 0, otkyna Y, = 145 kH.

Tenepb PacCMOTPYM PaBHOBECHE CHJI, IPUIOXEHHBIX K JIEBOH 4acTHU MO-
cTa:

S momc(F)=0; F,-2+ G,-5,5+ X4~ Y- 7=0;
i=]

Fy=0; Y~ Fi- G+ Yc=0;

i=l
ZFLX =0, XA+XC=0-
i=1

IToncrapisieM MCXOOHBIE NaHHBIE M OIpEaCNsIEM OCTaBIUMECA HEU3BECT-
Hble peaklIMU CBA3CH:

10-2+130-5,5+ X,-4-145-7 =0, orkyna X, = 70 kH;
145-10-130 + Y= 0, otkyna Y.=- 5 kH;
70 + Xc =0, otkyna X¢=-70 xH.
3HAaKH «MMHYC»> NPH 3HAYEHHUSIX Xc U Y MIOKA3BIBAIOT, YTO HCTHHHBIE Ha-

MpaBJieHUsI BEKTOPOB cUJl X U Y., NpWIoXeHHbIX B apHupe C U AeicTBY-
IOLMX Ha JIEBYIO YaCTh MOCTa, IIPOTHMBOIMOJIOXHbBI MOKa3aHHBIM Ha puc. 1.19, 6.

CrneoBaTebHO, UCTUHHbBIE HATpaBJIeHUsI BEKTOPOB ¢l X¢ M Yo, mpwio-
XEHHBIX K MPaBOi YaCTH MOCTA, TAKXKe UMEIOT OpYroe HampasjieHHe.
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Tenepb MOXHO ompeneauTb peakuuio Xp. IloacrapinsieM 3HaYeHUE peak-
uMu X, BO BTOpOE€ YpaBHEHME PaBHOBECHSI CHCTEMBI CWJI, MPHIOXEHHBIX K
MOCTY KaK €AMHOMY TeJy:

70 + Xz=0, otkyna Xz=— 70 xH.

Peakuus Xg Nnojay4ywiaacb CO 3HaKOM «MHUHYC»; 3TO O3HAYa€T, 4YTO (baxm-
YECKOE€ €€ HanpapBJI€HHUE ITPOTHUBOITIOJIOXHOE.

1.4. AnemMeHTbl TEOpUN TPEHUSA

JlaBHO M3BECTHO, YTO €CJIM IBUTaTh OMHO TEJIO IO ITOBEPXHOCTH
JIpYTOTo, B IULIOCKOCTH COIPUKOCHOBEHMSI BOZHMKAET CHJIa COMPOTHUB-
JIEHUSI OTHOCUTEJILHOMY CKOJIBXEHHUIO 3THX Tejl. BriepBhie sIBIEHUS Tpe-
HuA uccnenosai Jleonapno na Bunuu. ToyHoe omnpeneieHue CUIBI Tpe-
HHS C YYETOM BCeX (paKTOPOB, OT KOTOPHIX OHA 3aBUCHT, IIpeICTaBIIsI-
€T CTOJIb CJIOXHYIO 3aJ1a4y, YTO JO CHX IOp He yIaeTcsl HAUTH TOJTHOrOo
TeopeTUYeCKOro peiieHus. [ToaroMy npu U3yyeHHMH 3aKOHOB TPEHUS
TMPUXOIUTCS ONMMPAThCS Ha pe3yJIbTaThl SKCIIEPHUMEHTOB.

WTak, 3aKoHbl TpeHHs ObUTM HaiieHb! ONBITHBIM IyTeM U B 1771 T.
chopMynupoBaHbl ¢paHIry3ckuM ydyeHbIM LllapneM OrioctoM Kyio-
HOM.

1. Cuna TpeHust F;, HampaBjieHa B CTOPOHY, MPOTHBOIOJIOXHYIO
OTHOCHUTEJIBHON CKOPOCTH CKOJIbXeHHus1 7 (puc. 1.20).

2. Cuuia TpeHMSI He 3aBMCHUT OT IUIOLAA! TPYILMXCSI TOBEPXHOCTEIA.

3. Monysb cWibl TPEHMS MIPOIMOPIIMOHAIEH HOPMaJIbHOW peakiuu
CBSI3H.

Paznuyaior culy TpeHHUs NMPU MOKOE U MPHU ABVXKEHUHU:

Fp < foN — cuna mpenus nokos,

F, < fN — cuna mpenus npu deuxceruu,

rae N — HopMasibHasi peakiiusl CBS3H; fy — ko3agguuuenm mpenus no-
Kos;, [ — Koagduyuenm mpenus ckoavicerus.

MakcuMalibHOe 3HaYyeHHEe CHJIbI TPEHHS
TOKOSI

Frp max =f6N

M3 skcnepyMMEeHTOB HM3BECTHO, YTO MpH
JIBVKEHUU KOI(PPULIMEHT TPEHUSI CKOJIbXe-
HUS 3aBHMCUT OT CKOPOCTU CKOJIbXEHHS Tell.
KoabduuueHTH TpeHUSI MOKOS U TPEHHUS
CKOJIbXEHHS 3aBUCAT OT MaTepuajia U Qusn-
YECKOTO COCTOSTHUSI TPYILUXCSI MIOBEPXHOCTEMH
Puc. 1.20 (tabn. 1.1).
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Tabnuua 1.1

3nauenns K03¢pPHIHEHTOB TPEHHA HOKOA H CKOJIbXKEHHSA
IS Pa3IMIHLIX MATEPHAJIOB

Mareprasi KoadduumneHt tpeHus
NOKOA fy CKOJIbXeHHUS f

KameHb 110 KaMHI0 0,6...07 —
BeToH Mo rajieyHUKy 0,5...0,6 —
BepeBka no aepeBy 0,5..0,8 0,5
HepeBo 1o nepeBy 04..0,7 0,3
MeTtain no aepesy 0,4...0,6 0,3...0,5
BbeToH nmo necky 0,3..04 -
KameHb 1o aepeBy 0,4 —
Koxa no MeTamty 0,3...0,4 0,3
AcbecToBast 06KJ1aKa 10 CTAIH (YyTyHY) 0,25...0,35 —
BpoH3a 1o 4yryHy 0,16 —
BpoH3a 1o 4yryHy ¢ oOMIbHO#M cMa3Koi 0,12 —
Craiib 10 JibAy 0,03 0,015
CraJib 10 YyryHy, CTanb no CTaJIM, YYTYH 0,12...0,2 0,1
O YYTYHY

IIpnmep 1.5

Ha cranbHoit Ban nuametpoM d = 0,4 M (puc. 1.21, a) meicTByeT KpyTs-
it MOMeHT M,;, = 500 kH - M. OnpenenuTs, ¢ KaKoil CHIOH HYXHO CXaTb
TOPMO3HBbIE KOJIOOKH, OOTSHYThIE KOXei, YTOOb OCTAHOBUTH Bal.

PeuweHue.

1. 3a 0OBeKT paBHOBeCHsI BRIOMpaeM Ball.

2. OcBoboxaaeMcsl OT CBSI3ed M 3aMEHsIEM MX peakLUsIMU: HOPMAIbHOM
cuwnoit N u cunoit Tpenus Fp, XoTOpBIE OYMYT NEHCTBOBATh HA BaJl CO CTOPO-
HBI KaXno# kononaku (puc. 1.21, 6).

3. TToCKOJIbKY YMCJIO HEM3BECTHHIX HE MPEBBILLAET YUCIIA YPABHEHU paB-
HOBECHS TUIOCKOM CHCTEMBI CHJI, TO CYMTAEM, YTO 3aaya CTaTUYECKU OIpe-
nenuMasi.

4. 3anuuieM OHO U3 ypaBHEHMI paBHOBECHS, 8 UMEHHO:

x

momy (F)=0; My, - F,d=0.
1

Orcrona F, = M,,/d = 500/0,4 = 1250 xH.
5. UckoMylo cioty N onpeneisieM M3 3aBUCUMOCTH FE, =fN.
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a1

Puc. 1.21

B Ta6in. 1.1 1 napsl Koxa — MeTaul KoO3QGULMEHT TPEHUS TTOKOSI PEKO-
MeHayeTcss npuHuMarTh f = 0,3...0,4. Takum obpasom,
F, 1250
= - -4166,6 kH.
0,3 0,3 ’

Ha miepoxoBaToii MOBEpXHOCTH CUJIa TPEHUSI MOXET K0J1€0aThCsl OT
HYJIs1 10 MAKCMMAaJIbHOTO 3HayeHus, T.€. 0 < F, < i ... B 9TOM ciyyae
peakuus cBsa3u R 6ymer N < R < R,y

HauGonplunit yroa ¢, Ha KOTOpbIi MoJiHasA peakuusi R MOXET OT-
KJIOHSATBCS OT HOPMaJIM, Ha3bIBA€TCS Y210M MPEHUS:

tg(p=FTpmax/N=fE)N/N=ﬁ)~

B 3aBMCHMOCTH OT HallpaBJIeHUs TIPWIOXEHHOM K TeJly CHJIbI MaK-
CHMaJIbHasl peaklivsl CBA3U R.,,, MOXET UMETh pa3IMYHbIe HaIpaBJie-
HUsI, o0pa3ysi TIpU 3TOM TeOMETPUYECKOEe MECTO B NMPOCTPAHCTBE B
BUIIE KOHMYECKOM ITOBEPXHOCTH C BEPIIMHON B TOYKE KacaHHs Tesa,
Ha3bIBaeMOe KOHycoMm mpekus. Eciiv prioXeHHast K TeJTy Cila IPoXo-
JIUT BHYTpU KOHYCa TPEHUsI, TO TEJIO HAXOAUTCH B PABHOBECHHU.

Tpenuem Kauenus Ha3bIBalOT CONPOTHUBJIEHHE, BO3HMKAIOLIEE MU
KayeHUH OIHOTrO TeJia IO JAPYroMy.

PaccMOTpUM LIWJIMHAPUYECKMIA KAaTOK PaguycoM r U BeCOM mg,
JIeXalluii Ha IIIepOX0BaToii MoBepXHOCTU. IIPIITOXHUM B IIEHTPE KaTKa

cwry Q (puc. 1.22, a), KoTopasi 6yIeT MeHBbIIE, YeM Fp max:

Q< F TP max-

@ BosHukHeT cuna TpeHus Fi,,
mg mz] {N/  TIpEemsTCTBylOmas CKOJIbXEHUIO
TOYKHM A 10 TUI0CKOCTH. B 31OM CI1y-

F. 174; ‘F, A7B yae mg ¥ N ypaBHOBELINBAIOTCS,
aN 5 a F, u Q 0bpa3syioT napy cui1 u
KaTOK JOJDKEH KaTUThCS MO ILIOC-

Puc. 1.22 KOCTH.
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Tab6nauuma 1.2

3unavenns xo3GdhHIUHEHTa TPEHHA KAYeHHs LIS Pa3IHIHbIX MATEPHAJIOB

Marepuaibl KoadduumeHt TpeHus kaueHus k, cM
IepeBo no nepesy 0,05...0,08
JepeBo no cranu 0,03...0,04
YyryH 1o 4yryHy 0,005
Msirkas crajib o Msrkoi cTaau 0,005
3akayieHHasi CTajlb [10 3aKaJIEHHOM 0,001
CTaJIu

B meiicTBHTEIBHOCTH, €CJIM IeUCTBYIOIAs ciia () MEHBIIIE e¢ Tpe-
AenbHOro 3HauYeHUs! Qppey (Q < QOppen), KaTOK OCTAETCSA B COCTOSIHUM
rokosi. Jliss 0ObSICHEHHS 3TOTO SIBJIEHUS] HEOOXOIUMO B pacCyXIeHHUsI
BHECTH CcJieAylole KOppeKTuBhl (puc. 1.22, 6):

Qupea? = N - AB = Nk.

Bxonsinuit B 310 BhIpaXkeHHe KO3((PHULMEHT K Ha3bIBAETCA K03¢h-
@uyuenmom mpenus KaveHus; OH U3MepsIeTCsl B caHTUMeTpax (cm). Cre-
JIOBaTeJIbHO, BOBHUKAET MOMEHT TPEHUSI KaueHUS

i M, = kN.
3HayeHus1 KO3 PUIIMEHTa TPEHUSI KaYeHUST TTpUBeAeHHI B Ta0. 1.2.

1.5. NpocTpaHcTBEeHHaa cucrema cun

IIpocmpancmeennoii 6yneM Ha3bIBaTh CUCTEMY CWJI, TUHUU JEHACTBUS
KOTOPBIX UMEIOT JII00bie HAaIlpaBJI€HUs B IPOCTPAHCTBE.

MoMeHT CHIbI OTHOCHTEIbHO TOYKH (LeHTpa). BekTop MOMeHTa Cunbl
OTHOCMUTENLHO HEKOTOPOrO LIEHTPa ECTb BEKTOPHOE NPOU3BeaeHNe paau-
yca-BeKkTopa TOYKMN NPUIOXEHUA CUMbl, NPOBEAEHHOIO U3 3TOr0 LEHTPA,
Ha BekTop cunbl (puc. 1.23). B cOOTBETCTBUH C OIpeaeeHHEM

M, =7 x F = momo(F).

M3 puc. 1.23 BUOHO, YTO MOAY/Ib BEKTOpPA MOMEHTA CWIbl OTHOCH-
TeJILHO LieHTpa O OyHeT paBeH MOMEHTY CHJIBI OTHOCHUTEJIBHO TOYKH
O, HaxomsuIeics C 3Toil CWIOH B OJHOI TUIOCKOCTH:

My = hF =rFsin(F, F) = 28,04,
rae S,o4p — TUIOIIAAbL TpeyToJbHUKA OAB.
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z M3BeCTHO, YTO BCAKMIA BEKTOP MOX-
HO pa3JIOXUTh M0 OCSIM KOOPIUHAT;
Mo=M,i+M,j+Mpk,

TaK X€ MOXHO pa3OXWUTh IO OCSM
Yy KOOpIMHAT PajMyC-BEKTOp F TOYKH
TIPWIOXEHHUS CWIbI U cty F :

F=xi +y+zk; F=Fi +F,j + Fjk.

Puc. 1.23 BrInonHUB neiicTBUe 7 X F , Tomy-
YUM

My = (VF, - 2F,))i +(2F, - xF,)] + (xF, - yF,)k.

TaxuMm 006pa3oM, IPOEKIMUA BEKTOPA MOMEHTA CIJIBI Ha OCU KOOp-
JIMHAT OyayT ClenyloLIue:

M, = yF, - zF,;
M, = 2F, - xF;
M, = xF, - yF,.

Hanpamvnoume KOCHHYCBI BEKTOpa MOMCHTA CWJIBI ONPCACIAIOT
€ro HaIripaBJICHUEC B ITPOCTPAHCTBE:

cos(Mo,7) = M, /My;
cos(Mo,j) = M, [Mo;
cos(Mo,k)=M,/M,.

HpOCKI.II/II/I BCKTOpa MOMCHTA CHJIbBI Ha OCb YHUCIICHHO pAaBHbI MO-
MCHTY CWJIBI OTHOCHUTCJIIBHO OCH:

momx(F)=Mx =y'FZ_z'Fy;
mom,(F) =M, =z-F, -x-F;
mom, (F)= M, =x-F,-y-Fy;

My = M2+ M} + M2.

IlepBoie TpM ypaBHEHHUs SIBJISIIOTCS aHAJTUTUYECKMM BBIpaXXeHHEM
IUISL OTpeNeIEeHNsI MOMEHTOB CHJIbl OTHOCHTENIBHO OCEi KOOpIUHAT.
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IIpumep 1.6.

Onpenenuth MOMeHThI ¢l Q, T ¥ P OTHOCHUTENBHO OCeit KOOpAMHAT,
€CJIM U3BECTHBI TOYKH NPUJIOXEHUS 3TUX CUJI (puc. 1.24).
PeweHnue.

1. OnpenensieM MOMEHTHI CHIBI 7 OTHOCHTENILHO OCeil KOOPAMHAT:

mom, (T) = -Ta;

momy(T_) =0 (taKk Kak cwia T mepecekaet och 0y);

momz(T) =0 (tak kak cuwia T mnapauresnibHa ocu 07).
2. OmnpenesisieM MOMEHTHI CWIbI P OTHOCHTENBHO OCeil KOOPAMHAT:

mom, (P) = +Ph;

momy(i—’) =0 (taKk Kak cwia P mnapamiensHa ocu Oy);
mom, (P) = —Pb.
3. BbIYMCISiEM MOMEHTBI CWIbI Q OTHOCHTENBHO OCEH KOOPIMHAT:
mom,(Q) =0 (Tak Kak cuna Q nepecekaeT och Ox);
momy(é) =—(Qsina)b;
- mom,(Q) = +(Qcosa)b.

Teopema 0 npuBeIeHHH NPOCTPAHCTBEHHOM CUCTEMBI CHJI K 32JAHHO-
MY HEeHTpY. Bcsikasi npocTpaHCTBEHHAA CUCTEMA CUA, IGACTBYIOWMX Ha a6-
COfIOTHO TBEPAOE TENO, MOXET OblTb 3aMEHEHA OAHOM CUNON, FEOMETPU-
4eCKu PaBHOMN CyMME BCEX AENCTBYIOLLMX CUI1, NPUNOXEHHBIX B MPON3BO/Ib-
HO BbIGPAHHOM LIEHTPE, U BEKTOPOM-MOMEHTOM, PaBHLIM FreOMeTpUYec-
KO CyMME MOMEHTOB BCEX CWJ1 OTHOCUTENLHO LeHTpa NpuBeaeHus.

4 —
T
a
b —
B
y P
h (0}
0 y
D o

C
x

Cuwia Q — B wiockocti ABCD

Puc. 1.24 Puc. 1.25



Hoka3zaTenbcTBO. [lycTh Ha TBEPIOE TEJIO NEHCTBYET CUCTEMA
cun F, F,, ..., F,, IpOU3BOJILHO PAaCIOJIOXEHHass B IIPOCTPAHCTBE
(puc. 1.25). 3a LeHTp npHBeaeHMS BHIOMpPAEM IMMPOU3BOJIbHYIO TOUKY O.

TpwioXuM B 3TOM TOYKE YpaBHOBELIEHHYIO cucteMy cun: K =-F,
F =-FE’ v tax nanee, npuueM F = F,..., F, = F,. 3aMeHuM cxo-

Asuyiocs: cucteMy cin F, paBHomeiictylomeit R= F + F +... + F,.
3aTeM BBIYMCIMM MOMEHTBI BCEX OCTABLUIMXCSI CHJI OTHOCHTEIBHO LIEH-

Tpa npuseneHust O. Momentsl et K, F, ..., F,’ oTHOCHTENIbHO LIeH-

Tpa O paBHBI HYJTIO, TaK KaK MX TUIEY0 PaBHO HYJIO. BeKTOphI-MOMEH-
Thl 32JaHHBIX CHJI OTHOCUTEJIBHO LIEHTPa NpUBEAEHUsI OYyAyT paBHBI:

momo(R) = m;
momy (F) = iy;
momy(F,) = m,.

HajineM reoMeTpU4ecKy0 CyMMY 3TUX BEKTOPOB M TIOJyYHUM IJIaB-
HbI BEKTOP-MOMEHT:

M, = imomo (F) i
i=l i=l

TakuM 06pa3oM, Ha TBEPIOE TeJIO Telephb AeHCTBYET ONHA CHIa R
M OIMH MOMEHT M, T.e. CUCTeMa MPOCTPAaHCTBEHHBIX CHJI, IPOM3-
BOJIbHO PAacIOJIOXEHHBIX, CBEI€HAa K OJHOU pe3yJbTUPYIOLUEH cuiie
R u omHOMy pesyibTupyOLIEMY MoMeHTY M,. Teopema moKa3aHa.

YacTHble cllyyaud NMPpUBEAECHHUS:

1) R=0; M, =0 — npocTpaHCTBEHHasl CUCTEMa CWI HaXOMUTCS
B PaBHOBECHHU;

2) R=0;, M, #0 — cucTeMa CWI NMpPUBOIMTCS K Mape (TBepaoe
TEJIO BpalllaeTcs);

3) R#0; My #0 u R 1L M, — cucTeMa CUJ CBOIMTCS K PaBHO-
JEWCTBYIOLIEH, NMPWIOXEHHON HE B LEHTPE MPUBEACHUSA, a B IPYyroi
TOYKE, OTCTOSILLIE OT HEro Ha paCCTOSIHUM, paBHOM M,/R. 310 yacrt-
HBIA ClTy4Yail ILIOCKOM CUCTEMBbI CWJI, TaK KaK pe3yJIbTUpYloLas CUIa U
pe3ylbTHpYIOLLAA T1apa JieXaT B OJHON ITUIOCKOCTH, a paHee ObLIO ITo-
Ka3aHo, YTO TaKOM ciiyyaii MOXeT UMETh paBHOAEHCTBYIOLIYI0. Takum
00pa3oM, IIPOCTPAaHCTBEHHasi CHCTEMa CHJI 3aMEHEHa OJHOW paBHO-
JEVCTBYIOLLEH, HE TPOXOISLLEH Yyepe3 LEHTP NMPUBEACHHUS;

4) R#0; My =0 — cucrema ciw npuBeneHa K paBHOLEHCTBYIO-
e, KOTopas MPOXOIUT Yepe3 LIEHTp NMpUBeneHHUs (TouKy O);
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5) R#0; My #0 ¥ 3TH BEKTOpPBI HE NEPNEHIMKYISAPHbI — CHCTe-
Ma CWJI MPUBOIMUTCA K TaK Ha3bIBAEMOMY JTMHAMUYECKOMY BUHTY.

AHaIMTHYECKOE BbipaXeHHe s ompeleiecHHs [JIABHOTO BEKTOpa H
r1aBHoro MomeHnTta. [Iis MpPOCTPAHCTBEHHOM CHCTEMBI CWJI TJIaBHBIA
BeKTOp R ¥ r1aBHbI!t MOMEHT M, NpOILE ONpeaesTh AHATUTHYECKH.
TpuHMMaeM LIEHTP NPUBEAEHHU 3a Ha4aJIo KoopauHat. Toraa, mpoeKTH-

pysl Ha OCH KOOPIIMHAT BEKTODHbIE paBeHcTBa R =Y R n My =Y, My,
TIONy4aeM:

n n n
Rx‘_‘ZlFan Ry=z;,F;‘y; Rz=2E‘z;
= = i=

n n n
M, =m; M,=Ym; M, =Y m,.
i=1 i=l i=1

AHAJIATHYECKHE YC/IOBHSA DPABHOBECHA MPOCTPAHCTBEHHOH CHCTEMBbI
cuii. Heo6X0omUMbIMU M TOCTaTOYHBIMY YCJIOBUSIMY PaBHOBECUS TIPO-
M3BOJIBHOM NMPOCTPAHCTBEHHOU CUCTEMBI CUJI SIBJISIETCS PABEHCTBO HYJIIO
[JIABHOTO BEKTOpPA M [JIaBHOIO MOMEHTA:!

R=0; MO =0.

Mockoneky R =, R?+R?+R? =0, T0 R, R, ¥ R, HOJIXHBI GBITH
PaBHbI HYJTIO. AHAJIOTMYHOE PACCYXIEHHE CIIPaBeUTHBO M VISl BEKTOpa
I1aBHOTO MOMeHTa. ClIe10BaTeIbHO, IS PABHOBECHS] IPOU3BOJIBHOM
NPOCTPAHCTBEHHON CUCTEMBI CHJI HEOOXOAMMO M JOCTATOYHO:

S =0 3 Fy =0 3 E=0;

i=1

imomx (F)=0; i momy(f,-) =0; imomz(f,-) =0.
i=1 i=1 i=1

Ipamep 1.7.

OnpenenuTb, Kakoii rpy3 ) CMOXET MOAHSTh YEJIOBEK, MPUKIIAIbIBASI YCHU-
nue K BepeBke P =60 H (puc. 1.26); onmpeneMTb TakXe peakLM{ OMop.

PewmeHnue.

1. 3a 0ObeKT paBHOBeCUS BbIOMpaeM Ball AB.

2. OcB0GOX1aeM BaJT OT CBSI3Ei M 3aMEHSIEM X JIeHCTBHE peaklUsIMUA. Oropbl
O ¥ B npeactasnsiior co6oit LWIMHAPUYECKHUE IHADHUPbI, KOTOPbIE MPEMST-
CTBYIOT NMEpeMELLEHUIO TOJIBKO B pagHaJibHOM HamnpaBJeHHH, NTO3TOMY IMpPO-

CTaBIsIEM B PaIMANbHBIX HanpaBleHusx peakuuu Xo, Zo, Xz u Zy. Bepes-
Ky «OOpBIBa€M» 4yTh Bbillle pouka C M 3aMEHSEM HATSXKEHMEM HUTH T,
paBHBIM ycuuio P = 60 H.

3. Ternepb MOXHO paccCMaTpUBaTh paBHOBECHE CBODOAHOIO Tejia MoA Aei-
CTBHMEM aKTUBHBIX U NMAaCCUBHbIX CWI. M3 11ecTH ypaBHEHUI1 paBHOBECHSI MPO-
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R=12Mm
a=30° 3 z
A y
T /_
Xo
C|
P 0,5M

Puc. 1.26

H3BOJILHOM CHCTEMBI IIPOCTPAHCTBEHHBIX CHJI OCTAETCS TOJILKO IIATh, TaK KaK
CyMMa MpOoeKIMii Ha och Oy TOXIECTBEHHO paBHA HYJIO. 3aqaya IpeacTaBiIsa-
€TCS CTaTHYECKHM OMPEIETUMOM, TaK KAK HEM3BECTHBIX BEJIMYMH TOXE ITSATh:

XO’ XB, Q, ZO Hu ZB'
4. CocraBisieM YpPaBHCHUS paBHOBECHUS HpOCTpaHCTBeHHOﬁ CHUCTEMBI CHJI

6
Y F=Xo+Xp+Tcos30°=0;

i=l

F,=-0+Zy+Zg-Tcos60° =0;

M

I

M, =+Z5-1,5-Q-1+Tcos60°-0,5=0;

Mo

M, =-0r+TR =0,

Mo

i=1

6
zMiz =-Xp-1,5+Tcos30°-0,5=0.
i=l

5. INoacrasuB B npeamnocieaHee ypasHeHue = 0,2 M, R=12mMu T=60 H,

MOJYyYHM, YTo Bec rpy3a Q = 360 H.
M3 nocnenHero ypaBHEHUs ONPEACTUM peakLuio Xp:

X, = 60cos30°-0,5 “17H.
L5
INoncrapinsas nomyyeHHsle 3HadyeHus: Q = 360 H, Xz = 17 H B ocTaBmumecs
ypaBHEHUs1, HailneM Zp, Zp u Xy

Z, = 360-1—?05-0,50,5 - 230 H;

Zp =360 - 230 + 60 - 0,5 = 160 H;
Xy =~ (17 + 60 - 0,85) = —68 H.
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, B
Peakuus X, Oyner MMeTh IPOTHBOIOJOXHOE HaIlpaBIEHHE, TaK Kak
pe3ybTaTe BHIYMCICHMIA MOJYYWIOCh OTPUIIATENILHOE 3HAYEHHE.

1.6. OnpeneneHne LEeHTPa TAXECTU

LlenTp TsoKecTH TBEpAOro Tesa. CIIbl IPUTSDKEHUST OTAEIbHBIX Ya-
CTHII TeJia HampaBJeHHl K LeHTpy 3emun. Tak Kak pasMephl paccMar-
PHMBaEMBIX TeJl MAJIbI II0 CPABHEHMIO C PAIMyCOM 3€MJIM, TO 3TH CHJIBI
MOXHO CYMTaTh MapaJUIeTbHBIMU. PaBHONEMUCTBYIOIIAS 3TUX MapasLUIeib-
HBIX CWJI, paBHas UX CYMMe, €CThb BeC Tejia, a LIEHTP 3TOi CHCTEMBI
MapajuUleJibHbIX CHJI, B KOTOPOM IIPWJIOXEH BEC TeJia, Ha3hIBAETCS YeH-
mpom maxcecmu meaa. YToObI HANTH MOJIOXEHHUE LIEHTPA TSDKECTH Tea,
HEOOXOAMMO U3Y4YMTb, KaK CKJIAIbIBAIOTCS MapajUleJIbHbIe CHIBI M OT-
PENENSIIOTCS KOOPAMHATHI TOYKH ITPHIOXEHHUS X PAaBHOAEMCTBYIOILEHA.

CloxeHue napauiebHbIX CHI. JIOITyCTHM, YTO Ha TEJIO NEMCTBYET

cucreMa nmapawtensueix cun £, F,, B u F, (puc. 1.27), npuuem F
u F, IeificTBYIOT B OIHY CTOpOHY, @ F; U F; — B IIPOTHUBOIOJIOXHYIO.
Jlis cun K, v F, HaiineMm Takoil LEHTp MPUBEAEHMUSI, OTHOCHUTEIBHO
KOTOPOTO Pe3yJIbTUPYIOLIMIi MOMEHT GyIeT paBeH HYJIIO:

2 —
Zmoms.(Fi) =F-AB -F-AB =0.
i=l

4B _ K )
Orcrona 2B E Monynb pe3yabTUpYIOLIei CUIIbI, TPIIOXKEH-
101 2
HOil B Touke B,, Oyner paBeH R, = F, + F,.
AHaJIOTMYHO HaiaeM R, U ee TOUKY NMPUIOXEHUS B,.

IIpuBeneM cuinbl R; U R, K ueHTpy npuBeacHus1 C, MOJIOXEHUE

KOTOPOTO OIPEHEIIUTCSA U3 COOTHO- 2
IICHUS
BC R R\ P
BC R’ 4
PesynbTupyiowas cuwi R, u R, r K B
OymeT paBHa UX TreOMETPUYECKOM ' A C A4
CYMME, T.€. 1 F
— _— — B D 4
R=R +R,. AGAN
= ¢ =12 r
ITockonbKy BEKTOpPHI Cl1 R, U B 2
R, mapainenbHBl M POTUBOIIO- 0 Ve o v
JIOXHO HampaBJIEHBl, TO MOAYIb
pesyiabTHpyloleit cuiel R Oyner ¥
paBeH: R= R, — R,. Puc. 1.27
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Ecimu R # 0, To Bcerma MOXHO HaWTH TaKylo TOYKY, B KOTOPOii Oy-
JeT MPWIOXKEHA paBHOAECTBYIOIAass R BCeX MapaUIeNbHBIX CHI. DTa
TOYKA HA3bIBACTCS LeHMPOM NAPANNEAbHBIX CUAL.

KoopanHaTthl HeHTpa napajuieibHbiX cuil. [lonoxeHue LeHTpa mna-
paJUIeIbHBIX CUJI OTHOCUTEJIBHO Hayajla KOODAMHAT OIpeAesisieTCs pa-
JIMYCOM-BEKTOPOM 7 WIM €ro MpOeKUMSIMH Ha OCH KOOpIUHAT, YTO
PaBHO3Ha4YHO KOOPAMHATAaM LIEHTPa IapauleIbHbIX CUII X¢, Yc U Zc.

[pwioxuM B Touke Ccwiy R = —R (cM. puc. 1.27). Toraa cucrema
OyIeT HaXOMUTLCSA B paBHOBECUU. Terephb onpeae MM MOMEHT BCEX CIT
OTHOCHUTEJILHO Touku O. O4eBHUAHO, OH paBeH HYJIO, TaK KaK CUCTeMa
CWI HaxOAMTCS B PaBHOBECHM:

n+l

ZFn—o—rH;( )= Zmomo(F)+momo(R’)=0.

i+l

Ho Tak kak R’ =-R, TO

M=
7]
X
o]
|
S
X
]
1
=

WIN

7 x R.

*u
l."ll

B npaBoii yacTy paBeHCTBA 3allMCaH MOMEHT PaBHOIECHCTBYIOIIEH,
a B JICBOM YaCTH — T€OMETPHUYECKasi CyMMa MOMEHTOB BCEX CHJI OTHO-
CHUTEJBHO TOM Xe Touku. OTcioma cienyeT, YTO MOMEHT paBHOAeN-
CTBYIOLLIEN OTHOCUTENBHO NIOGOro LLeHTPa paBeH reoMeTPUHECKON CyM-
Me BEKTOPOB-MOMEHTOB CNaraeMbIx CU OTHOCUTENBHO TOMO Xe LEHT-
pa. DTa TeopeMa 0 MOMEHTE PaBHOAECHCTBYIONIEH Ha3bIBa€TCS Teope-
Moii Bapunbona.

-— n —
CIIpoeKTUpOBaB BEKTODHOE PaBEHCTBO 7c X R = Zr,- x F, Ha ocmu
i=1
KOOpIWHAT, MOJyYyuM (OPMYJIBI ISl OTIPENEIEHNSI MOMEHTOB PaBHO-
JEUCTBYIOIUEH OTHOCUTEIIBHO OCE KOOpAUHAT:

mom,(R) = imomx(i;');
i=1

mom,,(R) = imomy(F,-);
i=1

mom, (R) = imomz (F).

i+l
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BenuuuHa paBHOAEWCTBYIOIEH MMapaUIeIbHBIX CHJI HE U3MEHUTCS,
€CJIM BCE CHJIBI TIOBEPHYTH NMapajuieibHO ocH Oz. B 3TOM cilyyae MOMEHT
PaBHOIENCTBYIOILEH OTHOCUTEILHO ocH Oy

if;xi iE’xi
i=l _ i=l
R 2":1;’._

i=1

n
Rxc =Y Fix;, oTKyna Xc =
i=l

AHaJIOTUYHBIM 06p330M BBIYMCJIIUM U JPYTUEC KOOPAMHATHI LICHTPA
napauleJIbHbIX CHUJI:

ZE'.VI' ZEYI ZE'zi ZEZ:‘
Yo = it _ =1” A= - i=:‘ )
R 3k R $F

i=1 i=l

KoopauHaTbi EHTpa TSKECTH TBEPAOro Teja. Eciu B hopMynax wist
onpesie/leHUs] KOOPAMHAT LIEHTPa MapaUIeIbHBIX CWJI BMECTO F, Fj,
F, v R noncraButh mg,, m;g,, m;g, U mg, TO MOJYy4YHM 3aBUCUMOCTH
IS OTIpEAEIEHUs] KOOPAMHAT LEHTPA TSKECTH Tesa:

_Zmigx'xi _ZVixi_ _zmigy'yi _ZV;.V:‘,
Xc = = s Yo = = ;
mg. V mg V

b

_ zmigz % ZV,'Z:'
ic = =
mg |4

rae m;, V; — COOTBETCTBEHHO Macca U 00beM KaXHO#N 4acTHLIbI TBEP-
moro Tena, a m u ¥ — Macca 1 06beM BCEro OJHOPOIHOTO TeJa.

s rockoit urypsl ruiowwansio S, UMeLel OOUHAKOBYIO TOJ-
LIMHY A, 3lIeMEHTapHble 00bEMBI V; MOXHO BBIPa3UTh Yepe3 JIEMEH-
TapHble Towanu S;: V; = AS;.

Torga KOOpAMHATHI LIEHTPA TSDKECTH 3TOH (HUTYPBI ONpenesaTCs Mo
crenylomiuM Gopmynam:

S,'x,'
- Z8,

) 9

_ ZS:'.V:' . _ ZS:'Z:'
Yc = =5 ic = =5

Takum 06pa30M, LEHTP TSKECTH — 3TO rEOMETPHUUYECKAsA TOYKa C,
KOTOpasi B YaCTHBIX CIydasaX MOXKET JIEXKATh BHE IIPEACIOB CAMOTI0 TEJIA,
HampuMep, LICHTP TSDKECTH KOJIblia JIEXUT Ha MEPECEYEHUHU €ro Ocer
CUMMETPUH, T.€. BHE TCJIA.

IIpumep 1.8.
HaiiTn xoopauHaThl LIEHTpa TSXECTH OXHOPOMHOM TIUIACTUHBI, U300pa-
XeHHOI Ha puc. 1.28, a. TonMHa TIACTUHBI MOCTOSTHHAS.
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Pemenue.
1. ITockoabKy OOGHOpPONHAs IUIaCTMHA MMEET OAMHAKOBYIO TOJIIUHY, TO
MOXXHO BOCTIO/Ib30BaThCsl POpMyIaMU [UISI OMpPEAEICHUS MOJIOXEHUs IEHTpa
TSDKECTH IUTOCKOM (UTYDHI.
2. Pa30uBaeM IUTaCTMHKY Ha TPU MPOCTEHIINe reoMeTpudecKue burypsl

(puc. 1.28, 6), uentps Tsoxectn C;, C,, C; KOTOPBIX H3BECTHHI.

3. BoeibupaeM cucteMy KOOpIUMHAT, KaK yKa3aHO Ha YyepTexe, ¥ OIpeneisi-
€M KOOpAMHATHI LIEHTPOB TSKECTH MPSIMOYTOJbHUKOB U UX IUIOLIAIH.

4. 3aHOoCcHM B TaONULly pe3ylIbTaThl BHIYUCICHUHA; KAXKIOMY IPSIMOYTOJIb-
HUKY COOTBETCTBYET OJHA CTPOKa TaOJIULIEI.

33;’:;1;3 S;, cM? X;, CM Yi» CM S; x;, c™m? S y;, oM
1 12 5 9 60 108
2 20 5 20 100
3 4 -1 1 -4 4
p 36 76 212

5. CymmupyeM 3HaueHUs S;, S;° X;, S;* y; ¥ 3aIIUCHIBAEM PE3Y/IbTAThl B HUX-

HEW CTpOKe.

6. BerunciseM KOOpAWHATHI LHEHTPA TSKECTHU TUIaCTUHBI:

Xc =

DS =7_6
36

S

|

=2—cM; ),

9

7. 1o BBIYMCIEHHBIM KOOPAMHATAaM LIEHTPa TSLKECTU IUIACTHHBI CTPOMM €€
neHtp Tsxectu C.

10 cMm
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0
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N
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Q
o
(0] Xy X
a X3
Xc
X1
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Crnoco0bl onpeneJienusi eHTPoB TsokecTd. Ha ImpakTuke s ornpe-
JeJIEHUs] LIEHTPOB TSKECTH MCIIOIB3YIOT Pa3iNYHbIE CIIOCOOHI.

Cnocob pa3buenus Ha gueypol, MOJOXEHHE LIEHTPOB TSDKECTH KOTO-
PBIX U3BECTHO, MIPUMEHSIETCS B CJIy4asX, KOrJa TeJIO0 MOXHO pa30HUTh
Ha KOHEYHOE YHCJIO 3JIEMEHTOB.

Cnoco6 donoanenus SIBJISIETCSI YACTHBIM CITydaeM cItocoba pa3bue-
Hus. [IpuMeHsieTcsl, Koraa Tejo pa3buBaeTCsl Ha MpocTeiline ¢Gury-
PBI, ITOJIOXKEHHUSI LIEHTPOB TSDKECTH KOTOPBIX M3BECTHBI, HO HEKOTO-
pbie M3 FTEOMETPHYECKUX (DUTYD TIPENCTABIISIOT U3 CE0S ITyCTOTEHI.

IIpumep 1.9.

HaiiTi HEHTp TsXeCTH IOMEPEYHOro ceyeHHUs Bajia AMaMeTpoM 12 cM, B
KOTOPOM BEICBEPJIEHO OTBEPCTHE JUaMeTpoM 2 cM (puc. 1.29).

Pewenue.

1. IToCKOJIbKY HY>KHO HaWTH LEHTP TSXKECTH MOTEPEYHOTO CEYEHMUsI, TO BOC-
nmojib3yeMcsi GOpMyJiaMH JUTsl ONpeNeSIeHUsT HEHTPa TSDKECTH TUIOCKOM QUTYDHI.

2. JIonoJIHsIeM MOTIepeYHOoe CeueHUe OTPULATENIbHOM UIOIIAIBIO

S, = —nr? = —m cMA

3. Hayajio cucTeMbl KOODAMHAT PACITOJIOXKHUM B LIEHTPE OKPYXXHOCTH PaIH-
yca R, T.e. B Touke C,.
4. 3anonHsieM TaGIuILy.

Homep S;, cM? X, CM Vis CM S; x;, cM® S yi, eM®
2JIeMEHTA
1 36n 0 0 0 0
2 - 3 0 -3n 0
Y 35r -3r 0

5. Cymmupyem S; 1 ;- X;, TOCJIE Yero 3aMMUChIBaEM Pe3YJIbTAThl B HIXKHEI

CTPOKE.
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6. BoruucisieM KOOpAMHATHI LIEHTPA TS -
_ DBD XKECTHU NOIIEPEYHOro CCYCHUA:

” 5 3%r 3™

a yc = 0, Tak kaKk ocb C| SIBJISIETCA OCBIO
CUMMETPHH 3TOTO CEYEHHUsI.
! 7. ITo BBIYMCIIEHHBIM KOOPAWHATAM I10-
MIepeYHOrO CEYEHHUsI CTPOUM €ro LIEHTP TH-
Puc. 1.30 xectu C.

Cnocob6 unmezpupoganus — OIpeeIeHNe LEHTPA TSXKECTU C IOMO-
III0 MAaTEMATHUYECKUX (hOpMYST — IIPUMEHSIETCS B ClIy4yasix, KOrma He
MOTYT OBITh IPUMEHEHBI MEPBbIE Ba CITOCO06A.

DrcnepumenmanvHbili cnocob OCYIIECTBIISIETCS] IByMsI METOIAMH —
TOABEIUMBAaHUS Y B3BELIUBaHUSI.

MeTon moaBeUIMBAaHUSA 3aKJIIOYAETCSI B TOM, YTO TUIOCKOE
TE€JI0, KOTOPO€E HeJIb3sT pa30UTh Ha MpocTeiiie GUrypbl ¢ U3BECTHBIM
TOJIOXKEHHEM LIEHTPa TSKECTH, MOABEIIMBalOT Ha HUTH. [IpoyepunBa-
10T JIMHUIO BOOJIb 3TOI HUTH Ha TUIOCKOCTH TeJjia. 3aTeM 3Ty IUIOCKYIO
¢uUrypy OTKpEIUISIOT M IMOOBELIMBAIOT 3a APYTYIO TOYKY, IOCJE YEro
BHOBb IPOBOIST BEPTUKAIbHYIO JMHUIO (BIOJIb JIUHUHU MonaBeca). [le-
peceyeHHe ITHX ABYX JIMHUM JaeT TOYKY, B KOTOPOH HAXOMUTCS LIEHTP
TSKECTH.

MeTon B3BeILIMBaHHUSA OOBIYHO NMPUMEHSETCS IUISI KPYTIHBIX
M3JEJIMiA: CaMOJIETOB, BEPTOJIETOB M APYrMX MamMH. Eciu u3BectHa
Macca, HalpuMep, CaMmoJieTa, TO CTaBST Ha Bechl 3aJHHE Kojieca
(puc. 1.30) 1 Mo IMOKa3aHHUIO BECOB ONPEIEIIAIOT peaklnio N 3atem
COCTaBJISIIOT OIHO M3 YPaBHEHUI paBHOBECHST; YIOOHEE COCTaBUTb CYMMY
MOMEHTOB OTHOCUTEJIbHO TOYKH A:

3 —
Y mom,(F)=0; mga- Nzl =0.
i=1

OTCIOfa HAaXOOSAT MCKOMYIO BEJIMYMHY 4@, T.€. MOJOXEHHE LIEHTpa
TSKECTH CaMOJIeTa:
Nl
mg

1.7. KnHemaTuka To4Kku

OcHoBHbie NOHATHA. Kunemamukoi Ha3bIBa€TCs pa3ney MEXaHUKH,
B KOTOPOM H3Yy4acTCA OIBM2KCHUEC MAaTCPHAJIBHBIX TCJI B IPOCTPAHCTBE C
reOMETPUYECKON TOUYKHU 3PEHMsI, BHE CBS3U C CWIAMHU, BBI3bIBAIOLIU-
MH 3TO OBHKCHHUCE.
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B TeopeTHyeCcKoif MeXaHUKE U3ydaeTcs pocTeiiias ¢popMa IBIKe-
HUSA — MexaHuueckoe deuxcenue. MexaHuyeckoe ABVDKEHUE BCETaa pac-
CMaTpUBaeTCs OTHOCUTENIBHO BEIOPAHHOM CUCTEMBI OTCYETa, KOTOpasi
MOXeT OBITh ITOABIKHOM WJIM YCJIOBHO HemoaBikHo. Hampumep, pu
PacCMOTPEHUH MEXaHWYECKOTO ABMXKEHMUS TeJl, HaXOASIIIUXCS Ha MOo-
BEPXHOCTU 3eMIIM, 32 HENOOBUNCHYIO cucmemy oceli koopduHam BHIOU-
paloT CUCTEMY OCeil, HEU3MEHHO CBSI3aHHBIX C 3eMJIEH.

Cnoco0bl 3aaHHA JBHXKEHHS MATepHAILHOH TOYKM. JIBHKylIasics
TOYKA OIMCHIBAET B IPOCTPAHCTBE HEKOTOPYIO JIMHUIO, WJIU mpaeKkmo-
pun.

JIBr>keHue TOYKM OyAeT 3alaHO ecmecmeeHHbiM cnocobom (puc. 1.31,
a), eciii OydyT U3BECTHBI: 1) TPaeKTOpHg TOYKHM; 2) 3aBUCUMOCTb
U3MEHEHUS MUIMHBI OyrM OT BpeMeHU: OM = S = f(¢) (3Ta 3aBUCH-
MOCTb HAa3bIBACTCSl YPAGHEHUeM OBUNCEHUS MamepudanbHOU Mo4KU);
3) Hayano ABMXeHHMs; 4) Hayajlo OTCYETa; 5) HalpaBJI€HUE OTCYETA.

ITonoxeHyne TOYKH B IPOCTPAHCTBE OOHO3HAYHO OIpeeNnsieTcs pa-
JIMYCOM-BEKTOPOM F, MPOBEACHHBIM M3 HEKOTOPOTO HEIOIBHXHOTO
LIEHTpa B JaHHYI0 TOuky M (puc. 1.31, 6).

H3MeHeHMe pagnyca-BeKTOpa B GYHKLIMM BPEMEHU 3aJaeT JABMXe-
HHME TOYKU:

F=r().

Takoii crioco6 Ha3bsIBaeTCsE 8ekmopHbim. I10JI0XKEeHUE TOUKM B IIPO-
CTPaHCTBE B 3TOM Cy4ae GYAET ONpenessiThCs TeOMETPHYECKHM Mec-
TOM KOHIIOB BEKTOPOB 7, T.€. 20002paghom ee pamnuyca-BeKTOpa.

Ipu koopdunamuom cnocobe 3ananusi nBrkeHus (puc. 1.31, ) nomwx-
HBI OBITH M3BECTHBI 3aBUCUMOCTH, IO KOTOPHIM MOXHO OIPEIEIUTD,
KakK CO BpeMeHeM M3MEHSIIOTCS KOOPAUHATHl TOYKHU B IIPOCTPAHCTBE:

x=f(); ¥y =H(1); 2=£(0).

DTU ypaBHEHWS Ha3bIBAIOTCS YPAGHEHUSMU OBUNCEHUS MOYKU 8 Oe-
Kapmogbix KoopOuHamax, ¢ UX IIOMOIIBIO ISl KaXIOr0 MOMEHTA Bpe-
MEHU MOXHO OIpEAEIUTh MOJOXEHHE TOUYKU B MpocTpaHcTBe. Eciu

z M(x,y,2)

Z

Puc. 1.31
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TOYKA deudxcemcs Ha naockocmu, TO €€ IOJIOKCHHUEC OINIPEACTIAACTCA ABY-
MsA YPAaBHCHUSMH

x=£(); y=£(1);

€CJIM ToYKa deuxcemcs no np;mozi, TO €€ IBOKCHHUE OINMPECACIUTCS TOJIBKO
OOHHUM YpaBHCHUEM

x=£(1).
ITpumep 1.10.
JIBIXEHHE TOYKHU Ha IUTOCKOCTH 33JaHO YpaBHEHMSIMU
x=2+4t,
y=-3+8t

OnpenenuTh TPAEKTOPHIO ABMXKYIIEHCS TOYKH, YYUThIBAs, YTO X M y 3a]1a-
HBl B CAHTMMETpAX, a BpeMsi — B CEKyHJax.

PemeHue.

YpaBHEHHE TPaeKTOPUH MOTYYHM, UCKITIOYMB BPEMSI f U3 3aJaHHBIX ypaBHE-
HMit nBkeHus. Y3 mepBoro ypaBHeHus ¢ = (x — 2)/4, u3 Broporo ¢ = (y + 3)/8.
IIpupaBHSB NMpaBble YAaCTH 3TUX PABEHCTB, MOJYYHM

x—2=y+3
4 8

wm2x-y=7.
TpaexTopusi IBMXKEHUSI — MpsiMast JIMHUS, noctpouM ee. [losaras x = 0,
HaWAEM TOYKY NepeceYeHMs IMHUU TPaeKTOPUH € OCBIO y: ¥, = —7 (puc. 1.32).
ITonaras y = 0, HaileM TOUKY NepeceyeHus] TPAeKTOPHH C OCBIO X: X, = 3,5.
IIpoBenst yepe3 3TH TOYKM NPAMYIO, MOTYYUM JIMHEHHYIO TPAEKTOPHIO IBH-
XXEHMs1 MaTepUaJibHOM Touyku. Ha stoit u-
HUHU HEOOXOOUMO HaWTHU Hayajlo ABUXEHHS

y TOYKH.
B MOoMeHT Hayana ABMXKEHMS, T. €. Koraa
X2 t = 0, TouyKa UMesia KOODAMHATHI X, = 2 +

+4:-0=2cM,y,=-3+8-0=-3cm. Ocra-
€TCs1 OIIPENIENIUTD, Kya OT TOYKU A ABUXKETCS

ol 1 2 3{/4 5 MaTepuaibHasi ToykKa. C yBeTMUEHUEM Bpe-

t =+ % MEHHU KOOpAMHATHI X M y OyAyT BO3pacTaTh.
-1+ CrnenoBare/bHO, MaTepHaIbHasl TOYKA Hay-
2+ / 7 HET JBHXXEHHE M3 TOYKU A U Janee Oymer

| -3 # JBUTaTbCsl BBEPX IO CTPEJIKE A0 OeCKOHed-
S / HOCTH.

/ WTaK, TpaeKTOpHusl OBMXEHHUS] MaTepH-
=S5t / QIBHOM TOYKM HaiiicHa; OHa rokKa3aHa ec-
671/ TECTBEHHBIM CIIOCOOOM: €€ HayaJlo — B TOUKE
_7/ A, HanpaBJieHMe IBUXEHUsS] — IO CTPEJIKeE.

Cxkopocts TOYKH. Ckopocmb TOYKH
Puc. 1.32 XapakTepu3yeT OBICTPOTY M HarlpaBlie-
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£ vy

Ll
=\

Puc. 1.33

HHe IBUXEHUS TOYKH. [IpM BEKTOpPHOM CIOCO0€ 3aJaHMs IBHXCHUS
MOJIOXEHME TOYKM_B KaXIblii MOMEHT BPEMEHH OIpENEIIsSIeTCS paauy-
COM-BEKTOpOM 7 = F (t).

. IlycTh B MOMEHT BPEMEHH f TOYKA 3aHMMAET IOJIOXeHHe M, orpe-
IenseMoe paIuycoM-BeKTOpoM 7 =7 (t) (puc. 1.33, a). B MoMeHT Bpe-
MEHHM ¢ + Af TOUKa 3afiMET MOJIOXEeHUE M,, olpelensieMoe paiuyCcoM-
BEKTOPOM 7. DTOT pamWyc-BEKTOp OyIeT paBeH cCyMMe: Fi =F + AF.
OtHouieHMe AF/At sIBJIsSI€TCS BEKTOPOM CpeOHEN CKOPOCTH, a BEK-

TOPpHas IMIpOMU3BOAHAsA OT F 1o BpEMEHU ! U GYI[CT BEKTOPOM CKOpPOCTHU
B JaHHBIA MOMEHT BPEMEHMU:

v =dr/adt.
ITockoJBKY ¥ €CTh IPOU3BOMHAS OT (PYHKIUM 7 = F(f), TO BEKTOP

CKOpPOCTH 7 BCET/a HalpaBJIeH IT0 KAacaTeJIbHOM K TPAaeKTOPUM IBU-
XKEHUSI MATEPUAIBHON TOYKH.

Ecin Xe IBIDKEHHE TOYKH 3aJaHO €CTECTBEHHBIM CIIOCOOOM, TO
WU3BECTHHI ee TpaeKTopusi AB, Hauano nBuxXeHus (Touka O), HampaB-
JIeHWe ¥ ypaBHeHMe nBixeHust S = S(¢) (puc. 1.33, 6). B monyyeHHOe
BblpaxeHue v =dr/dt BBeIeM NPOMEXYTOYHYIO IIEPEMEHHYI0 — Y-

rOBYIO KOOpOUHATY S:
dF dS
ds dt’

V=
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IMockoneky dS — BeIMYMHA CKalsgpHas, TO BekTop dr/dS 6Gymer
MMEThb HallpaBJieHHEe KacaTeJIbHOM K TPaeKTOpUHU B TOUKe M; 3TOT BeK-
TOp 0003HayaeTcss T W SIBJISETCS OPTOM HAIpaBJIEeHUs], MOIYJIb €ro
paBeH equHuLe. OpT T Bcerna HampaBJieH B CTOPOHY BO3pacTaHUA S.

TakuM 006pa3oM, IpU €CTECTBEHHOM CITOCO0€e 3aJaHUS TPAEKTOPUU
BEKTOP CKOPOCTHU

IIpousBongHas dS/dt npencraBnsieT coboi aireOpanyeckKoe 3Haue-
Hue ckopoctu. Ecim dS/dt > 0, To B 3TOT MOMEHT BpPEMEHHU TOYKA
JIBHXETCS B CTOPOHY YBEJIMYEHUS AYTH S U, CJIEIOBATEIbHO, HANIPaB-
JIECHHE €€ CKOPOCTH COBMNAamaeT C HampaBieHHeM opTa T. Ecim xe
dS/dt < 0, To dyHkuus S yobiBaeT, ¥, CIeJOBaTEJbHO, BEKTOP CKO-
POCTH HaIlpaBJIEH B CTOPOHY, IIPOTUBOITIOJIOXHYIO BEKTOpPY T.

OnpenenyuM CKOPOCTb TOYKM MPU KOOPAMHATHOM CIIOCOOE 3agaHusl
nerokeHus. [1ycTb 3amaHbl ypaBHeHUs] ABVMDKEHUS Touku M (puc. 1.33, 6):

x=£(); y=H(1); 2=L(0).

Ee moioxeHHe B IMPOCTPAHCTBE OIpEAessieTCs paguyCOM-BEKTO-
poM

F=ix+jy+kz

Ha ocHOBaHMM IpeabIayliMX BBIBOJAOB BEKTOP CKOPOCTH MOXHO
3armcaTh ClIeAyIoIHM 00pa3oM:

_dF _d, - - o -dx -dy rdz
v—¢1t_dt(x'+yj+zk)_ldt”dtJr dr’

CrenoBarenbHo, 7 =iv, + jv, +kv,.

HOCTpOI/IM napajuteJaenunea Ha NpoeKuusix v,, v, U v, 1 ONPEACINM
MOIYJIb BEKTOpA CKOPOCTH:

v=v2 +02 + 02

VYckopenue ToUKH. BekTopHas BeTMYrHa, XapaKTepuU3yolasi ObICT-
pOTy M3MEHEHHUsI C TEYEHHEM BPEMEHM BEKTOPAa CKOPOCTH, Ha3bIBaeT-
cs yckopenuem: @ = dv/dt = d*F/dt?. 3anuiuem BbIpaXeHUs IUIsl TIPO-
€KIMii BEKTOpa YCKOPEHHsl Ha OCU KOOPIMHAT a, = dv,/dt, a, = dv,/dt,
a, = dv,/dt. Eciu U3BECTHBI IPOEKIIMH 4,, @, U @, 3TOTO BEKTOPA Ha OCH
KOOPIWHAT, TO MOXHO OTPENESIUTh MOXYJIb YCKOPEHUS:

a=\a+a+al.
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IIpu ectecTBEeHHOM crnoco0e 3amaHus
TPaeKTOPUHU ABUXEHMS MaTepUAJIbHON TOY-
KU €€ BEKTOp YCKOPEHHUS MOXHO Pa3jIoXWUTh
10 €CTeCTBEHHBIM OCSIM KOOpOUHAT T U 1
(puc. 1.34):

a=aT+an.

IMpoek1Ks YCKOpeHHUs] Ha OPT T Ha3bl-
BAeTCSl KAcamenbHbiM YCKOpeHuem, OHO U3-

MEHSIET MOLYJIb CKOPOCTH: a,
P Puc. 1.34
Yoot

KacaTenpHOe yCKOpeHHE CylIECTBYET TOJIBKO TP HEPAaBHOMEPHOM
KPUBOJIMHEHHOM JABUXKECHHUH.

HopMasibHOe yCKOpeHHe a, = v?/p M3MeHseT HalpaBjieHHe BEKTO-
pa CKOPOCTH U, IO3TOMY MaTepHaJibHasi TOYKa ABUXETCS 10 KPUBO-
JIMHEWHON TPaeKTOpUM (p — paaMyC KPUBHM3HBI TPAEKTOPHM B TOY-
Ke).

YacTHBIE CJIyYald OBUXEHHUS MaTepHUAJNbHOMW TOY-
KU

1) a, = 0; a, = 0. CnemoBatebHO, momHOe yckopeHHe a = 0. Touka
IBUXETCS] PABHOMEPHO I10 MPsIMOY JIMHMU. 3aKOH JBUXEHHS B 3TOM
cayqae S = S, + yt, roe S, — IOyrorass KOOpAWHAaTa B Ha4YaJbHBIA
MOMEHT BpPEMEHH; vy — CKOPOCTh ABHXKEHHUSI TOYKH B HaYaJIbHBINA MO-
MEHT JABIXKEHHS (CKOPOCTh HE U3MEHUTCS U B JII000i1 APYyroif MOMEHT
BPEMEHH 7, TaK KaK ABMXKEHHUE HE YCKOPEHHOE);

2) a, # 0; a, = 0 — paBHOMEpHOE KpUBOJIMHEITHOE IBIDKEHUE. Bek-
TOP CKOPOCTH MaTE€PHAIIbHOM TOYKM M3MEHSIETCS JIMIUD IO HaIlpaBJie-
HUIO. 3aKOH JBWXEHMS 10 KPUBOJUHEWHOU TPAEKTOPUM 3AMUIIETCS
aHaJIOTUYHO MEPBOMY CIIYy4alo:

S =39+ ut;

3) a,=0; a, # 0 — NpIMONMHEIHOe HEPaBHOMEPHOE IBILKEHHE;

4) a, # 0; a, # 0 — KpUBOJIMHEHHHOE HEPABHOMEPHOE IBIDKEHUE.

Eciu B TpeTheM Cllydae g, = a = const ¥ B YETBEPTOM @, = const, TO
MOXHO 3aIMCaTh 3aKOHBI ABHKEHHUSI COOTBETCTBEHHO sl PABHOYCKO-
PEHHOTO (pPaBHO3aMEIUIEHHOTO) MPSIMOJIMHEHHOTO IBUXEHUS

2
S=S0 +U0ti%

U KpUBOJHMHEWHOrO PaBHOYCKOPEHHOTO (paBHO3aMEMJIEHHOTO) IBH-
XEeHUsI

2
S=So+v0tia‘2t .
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ITpumep 1.11.

IToe3n mBUXeTCsT paBHO3aMEMJIEHHO IO 3a-
KpYIJIeHUIo paauycoM R = 1 kM. B Havaste yyact-
Ka T0e3]] UMeJI CKOPOCTh 36 KM/4 U TOJHOE yC-
KOpeHHue dy = 0,125 mM/c2. OnpeeanTh CKOPOCTh 1
YCKOpEHHE Toe3a B KOHIE KPUBOJHHEHHOTO
yyactka (Touke M,), eciiv IIMHA ydacTKa 560 M.

Pewenue.

1. Bynem paccMaTpuBaTh ABMXXEHUE ONHOI U3
- TOYEK MOe3a, HallpUMep €ro LIEHTpPa TSKECTH.
CoBMeCTUM Havyajio OTCYeTa AYroBOM KOOpAUHA-
& Thl C HaYaJIbHBIM IIOJIOXEHUEM TOYKU M,, Ha-

MpaB/ieHHe IBVKEHUS NMPUHUMAaeM 3a TOJIOXH-
Puc. 1.35 TesibHOE (puc. 1.35). B aToM cityyae BetMuuHa Sy

Oynet paBHa HYJIO.
2. 3anuileM 3aKOH PaBHO3aMELIEHHOTO ABMXEHHUSI MaTePHATbHOM TOYKH

|
1

a.t?
2

u GopMyITy ISl ONIpedeeHHs CKOPOCTH B 3TOM IBUXEHHH

S=U0t—

v =1 — aql

3. OmpenenuM HOPMAILHOE YCKOPEHHME TOYKH B HaYajle YJacTKa:

(vp = 36 xM/u = 10 M/c; R=1 kM = 1000 m).
4. 3Has MOZYJb NIOJIHOTO YCKOPEHMSI TOYKH B Hayase IyTH, OTIPEIETMM ero
KacaTeJIbHYI0 COCTaBIISIOIIYIO:

a} =a} +a?; a, =@ —aZ =40,1252 -0,1% = 0,075 m/c?.

5. [MoncTaBisis B 3aKOH JBUXEHHUSA KAcaTeJIbHYIO COCTaBIISAIOLIYIO YCKOpe-
HUS @, ONpEIeJUM BpeMs !, B TeYEHHE KOTOPOro IOe3[ IpPOLIE] YYacTOK
IJTHHOMK 560 M:

2
560 = 10— 21
2
o t_10¢3/100-1120-0,075_10¢4c
Tciola © = 0,075 70,075

6

1
—— ¢ h=——0c
0,075 0,075
3HayeHue fl 0T6paCI>IBaCM KakK HEPCAJIBbHOC, TaK KakK 3TO BpE€Ms IIPCBHIIIA-

CnepoBarenpHo, 4 =

6
eT BpeMs f = 0075 C, 4yepe3 KOTOPOE IMOE3 YXE OKAXETCS B KOHIIE ITyTH.
b
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H03TOMy IIpUHUMAEM BO BHHUMAHUE TOJBKO BTOpOﬁ KOpPE€Hb YpaBHCHUSA

6
_—0,075 =80c.

6. OmpenenrM CKOPOCTh B KOHIIE MYTH:

1)

v = 10 - 0,075¢, = 10 — 0,075- 80 = 4 m/c.
7. BBIYMCIIUM HOPMAJIBHOE YCKOPEHUE B KOHLIE ITyTH:
2 2
Vi 4 2
=X=——2=0,016 .
“m =R = 1000 M/

8. OnpenenuM MoJHOe YCKOPEHUE B KOHLIE MYTH:

a, =+ai +a? = 40,0162 +0,0752 =0,0767 m/c2.

! pac4yeToB BUAHO, YTO IMOJIHOE€ YCKOPEHHME YMEHBIINIIOCH 34 CYET YMECHb-
LIC€HUSA HOPMaJIbHOIO YCKOPEHHsSA, B TO BPEMs KAaK KacCaTCJIbHOC YCKOPCHUE
OCTaJIOCh HEU3MECHHBIM.

1.8. NpocTenune ABUXEHUA TBEpAOro tena

ITocrynarennnoe aBwxkeHue. IlocmynamenvHbim Ha3bIBa€TCS TaKOE
IBIDKEHHE TBEPIOTro Teja, IIpU KOTOpOM Jiiobasi mpsiMasi, CBSI3aHHas1 C
TEJIOM, BO BpeMs ABMXEHUSI OCTaeTCs MapajUleIbHOU CBOEMY Hayalb-
HOMY ITIOJIOXXEHHUIO.

IIpu mocrynaTeIbHOM ABMXXEHUM BCE TOUKU OMMCHIBAIOT OMMHAKO-
BbIE TPAEKTOPUH U B KaXIblif MOMEHT BPEMEHM MMEIOT T€OMETPHYEC-
K1 paBHBIE CKOPOCTH U YCKOPEHMSI. DTO OCHOBHOE CBOMCTBO IOCTYIIA-
TEJIBHOTO ABVKEHHUS AaeT BO3MOXHOCTb U3y4YaTh ABVKEHHE 10 OTHOMN
U3 ero Touek. IlpyMepoM mocTynaTeIbHOTO ABMXKECHUS SIBJIIETCS JBU-
XeHHe MOPIITHS MapoBOii MallIMHBI, MOJI3YHA C PE3LIOM B IIONEPEYHO-
CTPOraJIbHOM CTaHKe. B 9THX cilydasix TpaeKTOpUHM TOYEK Teja IPsIMO-
JnuHeliHble. B criapHuKe OBYX Kosec (puc. 1.36) TpaeKTopuH BceX TOUEK
MPENCTABIISIIOT OKPYXHOCTh; CaM CIIapHUK AA; IBIDKETCS TOCTYTAaTelb-
HO, a KoJIeca BpalllaloTCs C YIJIOBOM CKOpOCThIO ®. CyIIECTBYIOT elle
0oJjiee CJIOXHBIE TPAGKTOPHM ABIDKEHMS TOYEK MPU MOCTYNATEIEHOM
IBrKeHuu Tena. Ilpu Beiycke 11accu y uctpeourens Mul'-21 xoneca
COBEpILAIOT MOCTYIATEIbHOE ABVDKEHME, IPUYEM TPACKTOPUU TOYEK
KoJieca MpeaCTaBIsSIIOT COO0M MPOCTPAHCTBEHHYIO KPUBYIO.

BpamarebHoe ABIDKEHHE OTHO-

CHTEJbHO HeNOABMKHOM ocH. Bpa- 4 LA
wameabHbiM HA3BIBAETCS TaKoOe€ 7,
IBIDXEHHE TBEPIOTO TeJia, TIPU KO- T e zg)—l \
TOpPOM TOYKM Tejla ABUXYTCS B \
TUIOCKOCTSIX, TEPIEeHIUKYISIPHBIX

HETOABWXXHOM MPSIMOiA, Ha3bIBae- Puc. 1.36
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Puc. 1.37

MO OCBIO BpallleHHs Tejla, U ONMMCHIBAIOT OKPYXHOCTH, LIEHTPHI KO-
TOPBIX JIEXAT Ha 3TOM ocH. 1)1 OCyllIeCTBIEHMS 3TOTO IBHXEHMS Clie-
IYEeT HEMOIBUXHO 3aKpenmuThb IBE€ TOYKH TBepaoro teaa A u B
(puc. 1.37, a). Torna npsiMasi, IpoOXosIas Yepe3 3TH TOYKHU, SIBJISIETCS
OCBIO BpallleHHSI.

IIpu BpallleHUM yroJ IMOBOPOTA TeJIa MEHSETCS B 3aBUCMMOCTH OT
BPEMEHHU:

¢ = f(2).

Dra 3aBUCUMOCTDb Ha3bIBACTCSI YPAGHEHUEM BDAUAMENbHO20 0BUNCE-
Hus meaa. YTOJ IOBOPOTA YaCTO BHIPAXAIOT Yepe3 YHUCIO 000POTOB M.
Torma yron ¢ B paguaHax, COOTBETCTBYIOLIMII N 060poTaM, oIipee-
JIsIeTCs 10 cienywoleii dbopmyie:

¢ =2nN.

BenuuuHa, XxapakTepusylomias GbICTPOTY M3MEHEHHS YTJIa IOBOPO-
Ta @ C TeYEHUEM BPEMEHH, Ha3bIBAETCS Y2060l CKOPOCMbI0 meaa W
MMeEEeT pa3MEPHOCTb CEKYHIa B MUHYC nepBoii cteneHu (1/c). Ee 3Ha-
YEHHE OMpeNenseTcs no hopmyse
d
w==2.
dt
YuyurbiBas, YTO Ayra S = r@ W, CIEAOBATENbHO, ¢ = S/r, MONYYUM

OTciona HailIeM AuHeliHyr0 CKOPOCMb MOYKU 8DAUAIOUE20CH MeAd:

vy = Qr.



YroBasi CKOpocTb BpallleHus o (1/c) cBsizaHa ¢ 4acCTOTO# Bpaliie-
HUA n (00/MHUH) ciemylouieil 3aBUCUMOCTHIO

o = (2r/60) - n = =n/30.

B aTOM cilyyae TuHeHasg CKOPOCTb TOUKHU TeJla MOXET OBbITh BhIpa-
KeHa Takke 4epe3 4aCTOTy BpallleHHUsI

v = (nn/30) - (d/2).

Pa3MepHOCTE CKOpOCTH OyZIET 3aBUCETh OT pa3MEPHOCTU AUaMeTpa d.
Ecnmu d u3aMepeH B MWUIMMETpax, TO CKOPOCTb OyIeT BhIpaXeHa B

MeTpax B CeKyHuy (M/c):
v = ndn/(60 - 1000).

B TexHMKe 4aCTO CKOPOCTb BBHIPAXAETCSI B METPaX B MUHYTY (M/MHH),
Toraa

v = ndn/1000.

BennuunHa, xapakTepusyolasi ObICTPOTY U3MEHEHMS YIJIOBOM CKO-
POCTH C TEeYEHUEM BPEMEHU, HA3bIBAETCS Y2A08biM YCKOPEHUEM N UME-
€T pa3MepHOCTb CEKYHIa B MMHYC BTOpoii crernieHu (1/c?):

. 2
e_dco d*¢

Tdt de

Eciu dw/dt > 0 u do/dt > 0, TO IBUXEHUE YCKODEHHOE; €CIIH
do/dt < 0, a do/dt > 0, TO ABMXEHHUE 3aMEIICHHOE.

Toyka M Tena yyacTBYeT BO BpalllaTeJIbLHOM IBMXXEHUH, IepeMe-
1IasiCh 10 OKPYXHOCTU paauyca OM = r (puc. 1.37, 6). IlockoybKy ee
TPaeKTOpHUsA KPUBOJIMHEWHAsS, TO YCKOPEHHE

a =an7T+a,n.
KacaTesibHasi COCTaBISAIOIIAsA YCKOPEHHS
a, = |dv/dt| = |dor/dt| = r|do/dt| = re;

HampaBJIeHHE a, OIpeleiseT HalpaBiIeHHe CTPEJIKH €.
HopManbHast cocTapisiioniasi yCKOpeHHUs

a, = v¥/p = (0r)’/r = o*r .

Jt0 YCKOPE€HUE HAIIpaBJICHO BCEria K HEHTPY, IIO3TOMY Ha3bIBaCT-
CA UeHmpocmpemumenbHbiM.
ITonHoe YCKOPEHME TOYKU BPALLAIOLIETOCS BOKPYT HEMOABUXHOM

OCH Tesla
2 2
a=ya +a, .
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YacTHBle cIyYaW BpallaTEeJbhHOTO ABUXEHUS Tela:

1) ® = const. 3Has, 4TO ® = d9/dt = const, epenuIIeM 3Ty 3aBUCHU-
MOCTh U IIPOMHTETPUpPYEM YpaBHEHHE B IpelieiaX, COOTBETCTBYIOLIUX
HaYyaJIbHOMY MOMEHTY BpEMEHHU #; (COOTBETCTBEHHO, @p) M IPOM3-
BOJIBHOMY MOMEHTY BPEMEHH /:

® t
Id(p = a)_[dt,
%o

fo
OTKyza
¢ =@+ 0.

B pesynbTrare mosydeH 3aKOH paBHOMEPHOTO BpallaTeTbHOTO IBU-
XEHUs TeJia;

2) € = const — paBHOIIEpEMEHHOE BpalllaTeJIbHOE IBIDKEHUE (PaB-
HOYCKOpPEHHO€e WM paBHO3aMeIeHHOe) Tesia. BEIBOM ero 3aKoHa J1BU-
XEeHMS aHAJIOTHYEH:

et?
0 =@+ 0yt +—.
2

ILnockoe aBMkeHMe TBepAOro Tena. Iliockum, Wi TUIOCKOMapa-
JIeJIbHBIM, JBIDKEHHWEM TBEPIOrO Tejia Ha3hIBAE€TCS TaKOoe IBMKEHHUE,
MPU KOTOPOM KaXmasi TOYKa TeJia IBUXKETCS B ITUIOCKOCTH, TTapaJUieb-
HOI1 HEKOTOPO# HEITOABKDKHOM IUIOCKOCTH. IIprMepaMu ITOCKOro ABHU-
XEHHS SIBJITIOTCS ABHXXEHME IIAiObI 1O JIbAY, Kojieca Moe3aa Mo mpsi-
MOJIMHEHHOMY YYaCTKy ITyTH.

[1nockoe IBMKEHUE TeJla MOXHO Pa3IOXKUTh Ha MOCTYIAaTENbHOE U
BpalllaTeJIbHOEe OTHOCHUTEIBHO BIOpaHHOro 1eHTpa. Ha puc. 1.38 moka-
3aHO, YTO TeJIO U3 MmosioxeHus I MoXHO mepeMecTuTh B mosoxenue 11
IBYMSI CIIOCOOaMM.

1. IlepeMeliiaeM TeJIO TOCTYIIATEILHO TaK, YTOOBI IpsiMasi AB, me-
peMelasch NapajuleIbHO NepBOHAYATLHOMY IOJIOXKEHUIO, 3aHsUla B
MPOCTPAHCTBe MojIoXeHue A,B,. Ilocie 3Toro moBepHEM TEJI0 BOKPYT
TOYKH B, Ha yromu ¢;.

2. IlepemecTM TeJIO MOCTYMA-

B, TEJIbHO U3 TMojioxeHus | Tak, 4yto-

Obl mpsiMasi AB coBMecTWIach C

npssMoit A B,, el mapajuieIbHOM.

ITocne aroro 6ynem Bpaluath TEJIO

/N X/ BOKPYT TOYKHU A; 10 TeX IOp, ITOKa

TOYKa B, He momnaneT B TOYKY B;.
IMockonbKy A, B,||A,B;, TO yrisl

4
¢, = ¢,. CrienoBaTenabHO, YTOOBI 3a-
I I HATH nojioxeHue II, Texo Moxer
COBEPLIUTH pa3jINyHbIE IMOCTYIIA-
Puc. 1.38 TEJIbHBIE ABXEHUS (B 3aBUCUMO-

46



MIIC >«

Puc. 1.39

CTH OT BHIOpDAHHOIO ITOJNIOCA), a BpallleHHWe, KaK IIPU IEepBOM, TaK M
MpY BTOPOM cIocobe, OyaeT ONMHAKOBBIM.

CrenoBaTenbHO, N060€e NNOCKOE ABUXEHNE MOXHO Pa3noXuTb Ha
nocTynaTenbHOe ABUXEHUE Tena BMECTE C BbiOpaHHbLIM NOMIOCOM 1 Bpa-
wiaTenbHoe OTHOCUTENbHO Nontoca. Yaille Bcero 3a Takoii MOMIOC BbI-
OHMpaIOT LIEHTP Macc Teja.

MrHoBeHHbIH HEHTP cKopocrteii. Henm3aMeHHO cBsi3aHHasi C TEJIOM
TO4YKa, CKOPOCTh KOTOPOIl B JaHHBIII MOMEHT BpEMEHU paBHa HYIIIO,
Ha3bIBACTCS MeHOGeHHbIM yermpom ckopocmet (MLIC). MrHOBeHHBII
LIEHTP CKOpOCTeil HaXOOUTCA B TOUYKE P Ha MepneHAuKY/Isipax K CKO-
POCTSIM TOYEK TeJjla, OMYILLEHHBIX U3 3TUX ToueK (puc. 1.39, a). Paznuy-
HBIE CJTyYaH OIpelieIeHUss MTHOBEHHOTO LIEHTpa CKOPOCTE# MoKa3aHbl
Ha puc. 1.39, 6—e.

IIpeoOpa3oBanne ABuxKeHHii. B MallIMHaxX 04eHb YACTO IIPOMCXOIUT
npeobpa3oBaHWe OTHOIO OBIXXKEHUs B apyroe. Hampumep, B KpUBO-

Puc. 1.40
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IIMITHO-IIATYHHOM MexaHu3Me (puc. 1.40) kpusowun OA coBeplliaet
BpalllaTeJIbHOE ABMXXEHHE, KOTOpOe Mpeodpa3yeTcsi B MOCTYTAaTeIbHOE
niepeMellieHUe Non3yHa B. [1pu pellieHNU MpaKTUYECKKMX 3a1a4 ObIBaeT
HE00X0OUMO HANTU 3aKOHBI 3TOrO ABMXKECHUSI WIM CKOPOCTH.

ITpumep 1.12.

B KpMBOILIMITHO-1IATYHHOM MeXaHU3Me (cM. puc. 1.40, a) 3a onuH 060poT
KPHUBOLUUIIA MOJI3YH MPOXOAMT MyTh, paBHbIi 400 MM. Kakoit myTh npoiineT 3a
310 BpeMsi Touka A? I'me 6yner Haxonutbest MLIC 3BeHa AB, Koria KpUBOLUHI
OA 3aiiMeT BEPTUKAIBHOE MOJIOXEHHE?

PeweHnue.

1. PaccMOoTpUM, KaKue TpaeKTOPUM IBMXKEHUSI UMEIOT TOYKU A, B ¥ Kakue
IBWXEHMSI COBEPILAIOT Teja, K KOTOPHIM OHM NMpHHamiexar. Touka A yya-
CTBYET BO BpalllaTeJIbHOM ABMXXEHHUM KpuBoluuna OA, ¥ B TO Xe BpeMsi OHa
NMPUHAMIEXHT WATYHY AB, KOTOpbI# COBEpIIAET IUIOCKOe ABMXEHME. Touka B
TaKXe COuieHsieT ABa TeJja: waTyH AB v mon3yH B. [lockonbKy Touka B npu-
HAIUIEXUT MOJI3yHY, COBEPLIAIOLIEMY MMOCTYTATEJbHOE ABUXEHUE C MPSIMO-
JIMHEHO! TPaeKTOPHEil BCeX ero TOUeK, TO ISl Hee BCEraa M3BeCTHA Tpaek-
TOPMS ABUXKEHUSI — 3TO TOPU3OHTAIbHas NpsiMasi. TakuM o6pa3oM, 3Has Ha-
MPaBJEHUS CKOPOCTEN TOYEK A U B, MOXHO HAMTU NMOJOXEHHE MTHOBEHHOTO
LIEHTpa CKOpPOCTEM ISl KPUBOLIMITHO-ILIATYHHOTO MEXaHM3Ma, KOTAa KPUBO-
mmn OA 3aHMMaeT BepTHKaJibHOe noyioxeHue. M3 puc. 1.40, 6 BUOHO, YTO
MIIC nexur B 6eckoHeyHOCTH. Cliea0BaTeNbHO, BCe TOYKU 3BeHa AB UMEIOT
OIVHAKOBbIE CKOPOCTH.

2. 3a onuH 060POT KPUBOLLIMIIA TOYKA A TPOXOOUT NyTh S = 2nr. [lon3yH B
32 OAMH 00OPOT MPOMUAET IMyTh, PaBHbIN 47.

CrenoBaTeIbHO, MOXHO HaiTH paauyc KPUBOILLHUIIA, ECJIA U3BECTEH IPOii-
JIEHHBII MyTh TOYKU B:

4r = 400 mMm; r = 100 MM.

3. 3Hast paaMyc r KpMBOLLUHMIA, MOXHO OINpPENeNUTh MPOHAECHHBIN TOYKOMH
A TyTh 33 OIMH 000pPOT KPUBOLLHUIIA:

S =2nr=2rn-100 = 628 MM.

1.9. 3akOHbl ANHAMUKU, YPABHEHUA ABUXEHUSA
MaTepuanbHOM To4kM, npuHuun [1’Anambepa

3akonnl JuMHAMHKH. /Junamuxol Ha3bIBaeTCs pa3lesl MEXaHWKH, B
KOTOPOM M3Yy4aeTcs ABMKEHHE MaTepUaIbHBIX TeJI MO IeACTBUEM TPH-
JIOXEHHBIX K HUM CWI. B OCHOBe IMHAMMKU JIeXaT 3aKOHBI, chopMy-
JupoBaHHble HBIOTOHOM.

IepBbiii 3aKOH — 3aKOH HHEPIMH, YCTAaHOBJIEHHBIH [anmieemM, ria-
CHUT: MaTepuasibHas To4Ka COXpPaHsIeT COCTOSIHWUE MOKOS UM PaBHOMEP-
HOr0 NPAMOJIMHEIHOMO ABUXEHWS, NOKA BO3AENCTBUE APYrUX TeN He n3-
MEHWT 3TO COCTOSIHME.
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Bropoii 3aK0H — OCHOBHO# 3aKOH JIMHHAMHKHM — YCTaHABJIMBAET CBSI3b
MeXIy YCKOpPEHHEM a, Maccoil m MaTepualbHOM TOYKU M u cuioit F
(puc. 1.41): yckopeHue maTepuanbHOM TOYKM MPONOPLMOHAIbHO NPUNo-
XEHHOW K HEW Cufe 1 UMeeT OAMHAKOBOE C Hel HarnpasieHre. 3anuiieM
3TOT 3aKOH B (popMe, KOTOPYIO MPUAAT 3TOMY 3aKOHY Ditep:

ma = F.

B xi1accuueckoi MexaHMKe Macca m MPUHSITa 3a IOCTOSTHHYIO BEJIHU-
yuHY. Macca siBiisieTcsl MEpOii MHEPTHOCTH MAaTepHAJIbHBIX TNl B HX
MOCTYIIATeJIbHOM JIBUXEHUH. 3aITiilieM OCHOBHOM 3aKOH JUHAMMKHU B
BUIE CKAISIPHBIX PaBECHCTB, MPOCUUPYsI BEKTOPHOE PaBEHCTBO Ha OCHU
KOOpIHWHAT:

ma, = F,; ma,= F,; ma, = F,

Tpernii 3aKoH (OpMYIHPYETCS CIEAYIOIMM 00pa3oM: BCAKOMY Aeit-
CTBUIO COOTBETCTBYET PaBHOE 1 MPOTUBOMNOJIOXHO HanpasBieHHOe NPo-
TMBOAENCTBUE. DTOT 3aKOH YCTAaHABJIMBAET, YTO NIPU B3aUMOAEUCTBUU
JIBYX T€JI, B KAKOM Obl KHHEMAaTHYECKOM COCTOSIHMM OHU HE HaxOIM-
JINCh, CHJIBI, TIPWIOXEHHbIE K KaXIOMY M3 HUX, PaBHbI 110 MOAYJIIO U
HalpaBJeHbl 110 OAHOI MPSIMOI B IIPOTHMBOITOJIOXHBIE CTOPOHBI.

Yerseprolii 3aKoH He O6bUT1 chopMynupoBaH Hbl0TOHOM Kak OTaENb-
HBI 3aKOH MEXaHWKH, HO TaKOBBIM MOXHO CUMTAaTh CAEJaHHOE UM
000011IeHHEe TTpaBUIa MapajuleIorpaMMa CHJI: HECKOJIbKO OAHOBPEMEH-
HO AeNCTBYIOLMX CU COOBLLAIOT TOHKE TaKOe YCKOpPEeHUe, kakoe coobLua-
na 66l ogHa cuna, paBHas UX reOMeTPUYECKO CyMMe.

YpaBHeHHs JBHIKEHHSA MATepHAIbHON TOYKH. OCHOBHOM 3aKOH -
HaMHUKH MOXHO 3aIicaTh B CKUISIDHOM BHUIE, CIIPOELIMPOBAB BEKTOPHI
U060 Ha EKapTOBBI, IUOO Ha €CTECTBEHHBIE OCH KOOpAMHAT. B nepsom
cilydae TOJTYyUYUM YPAaGHeHUs 08UNCEHUS MAMePUANbHOU MOYKY 8 NPAMOY-
204bHOU OeKxapmoeoli cucmeme KoopouHam:

mi=F; my=F; mi=F,

rae X=a,;, y=a,, I=a,.
Bo BTOPOM CJiy4ya€ IIOJIYYUM ecmeCmeeHHble YDAaBHEHUA deuxcenus:

ma, = F,; ma, =F,; ma, = F,

e a, = v*/p; a, = d2S/dt>.
[TpoeKuwsi ycKOpeHHs Ha GMHOPMaJIb BCe-

roa paBHa Hymo: a, = 0, moatomy F, = 0. %é
ay F

Ipumep 1.13. 9 5
VYpaBHEHHE IBHUXEHHWSI MaTepUaTbHON TOUKH /
M ¢ Maccoit m uMmeeT BUI: x
x =rcoskt; y=rsinkt. Puc. 1.41
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OnpeneauTb paBHOAEHCTBYIONIYIO MPWIOXEHHBIX K TOUKE CHJI U TPAEKTO-
pMIO IBHXEHHSI MaTEPHUAIBHON TOYKM.

PeuieHmue.

1. OnpenesnsieM NpoeKLIMH YCKOPEHHUs Ha ocH KoopauHaT. CHayasa onpe-
JIeJIUM TIPOEKLIMM CKOPOCTH Ha Te X€ OCH:

v, =X =—krsinkt, v, = y = krcoskt.

C y4eTOM 3TOTO MOMYYaEM g, = v, = —k2rcoskt; @y = v, = —k’rsinkt.
2. OnpenensieM NMPOEKLMY PaBHOAECHCTBYIONIEH CIJIBI.
IMockonsky F, = mi =ma, u F, = my = ma,, to0

F,=-mk*rcoskt; F,=—mk?rsin kt.

3. OnpenenseM MOAYJIb paBHOAEHCTBYIOLLIEH:

— 2 2 _ 2 2 in2 - 2
F = [F? + F? = mk*r\Jcos? kt +sin? kt = mk?r.
4. OnpexnensieM HanpaBjieHHE PaBHOMEHCTBYIOLLICH:

F X F, . y
coso =—= =—coskt =-=; =X =_ =-=,
F . cosp 7 sin kt p

OueBUIHO, YTO YTOJI HAKJIOHA PaBHONENCTBYIOILEH CHIIBI ITO OTHOIIEHUIO
K OCSIM KOODAMHAT MEHSETCH.

5. OnpenensieM TPaeKTOPHIO ABHXEHUS MaTepUaIbHOM TOYKH. JIIS HCKITIO-
YeHHUsA BpEMEHH BO3BEIEM B KBAIpaT M CJIIOXHMM YpaBHEHMS ABMXeHuUs. B pe-
3yJIbTaTe MOJTYYUM ypaBHEHHE OKPYXHOCTH C PaIMycoM r: x% + y? = r2,

Ecau mocTpouTh MPOEKLIMH PaBHOAEHCTBYIOIIEN CIIIbI, TIPUIOXEHHON K

MaTepUATTbHON TOYKE, TO MOJIYYMTCS, YTO CWIA BCE BpEMSI MEHSIET HallpaBJe-
HHE, OCTaBasACh IMMOCTOSTHHO HaI'IpaBJIeHHOﬁ K LIEHTPY OKPYXHOCTH paauyca r.

Ipman 1’ Anam6bepa. ITpuHuunom [1’Anambepa Ha3bIBalOT OOLIUI
MeTO/I, C MOMOILIbI0 KOTOPOTO YpaBHEHUSIM JTUHAMUKH 110 (hopMe mnipu-
aeTCs BUI ypaBHEHM CTATMKHU. I 3TOro BBOOUTCS TIOHSTHE CUAbL
UHepyuu MaTepuaIbHON TOYKM — CHJIbI, pABHOW NMPOM3BENEHUIO Mac-
CBHI TOYKHM Ha €€ YCKOPEHHE U HaNpaBJICHHO! MTPOTHBOIOJIOXHO YCKO-
PEHUIO:

F,. =-ma.

HOJIO)KHM, 4YTO MaT€pHajibHasa TOYKa M 1ion neCTBUEM CHCTEMBI

cun F, B, .., F, nBixercs ¢ yckopeHueM a (puc. 1.42, a), npu
5TOM OCHOBHOE ypaBHEHUE OIMHAMMKHU OyIeT MUMETb BUI

TOTIa
mi=EKE+F+..+F,
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Puc. 1.42

IMepeHeceMm wieH ma W3 JeBOil YaCcTH ypaBHeHMS B npaBylo. Toroa

0=F+F+..+F, —ma.

Tak xkak -ma = F,,,, To nMeeM

FE+FE+.+F+F,=0.

INonyyeHHOE cooTHOILIIEHHE BrIpaxaeT mpuHIm JI’Anambepa u ¢op-
MYJIMPYETCSI CJIENYIOLIUM OOpa3oM: reoMeTpuyeckas Cymma Bcex npu-
NOXEHHbIX K TOYKE CUN U CUNbl UHEPLIMW 3TOWM TOYKWN paBHa HYNIO.

Ipuniyun 11’ AnaMGepa TpUMEHUM Kak UISI CBOOOTHOM, TaK M I
HEeCBOOOTHON MaTepHaJIbHON TOYKM, TaK KakK, OCBOOOXIasi MaTepu-
JTBHYIO TOUYKY OT CBsS3eil M 3aMeHsis ee NeiiCTBUE MAaCCUBHBIMU CHJIa-
MM, MBI paCCMaTpUBaeM ABMXXKEHHE TOYKH IO OeHCTBUEM aKTUBHBIX M
MaCCUBHBIX CHJI, KOTOpbIE COODIIAIOT €if YCKOPEHHE.

CrenyeT MOMHUTD, YTO K MaTepHAIBLHOM TOYKEe MHEPIIMOHHAS CHJIa
TIpUJIOXEHA JIUIIb YCJIOBHO. DaKTHUYECKU CWIa MHEPLIMH IPUIOXEHA
He K MaTepHaJIbHOM TOYKe, a K TeJy, COOOIaIleMy eif YCKOpeHHe.
BTOT METON TOMYYWT MIMPOKOE MPUMEHEHHE TIpU pacyeTax Ha Mpod-
HOCTb IMPY IMHAMUYECKUX Harpy3kax (cM. mpumep 2.14, B pasn. 2).

Cwty MHepIIMM MOXHO pa3JIoXHUTh Ha KacaTenabHyio F,,, (TaHreH-
HUATBHYI0) M HOpMaibHylO F,,, (LIEHTPOOGEXHYI0) COCTaBISIOLINE
(puc. 1.42, 6)

th-l = ma,
— 2
,FnuH =mv /pa

roe p — paguyc KPpUBU3HBI TPA€KTOPUM.

B cinyyae KpyroBoil TpaeKTOpHMM TOYKHU (paiuyC OKPYXXHOCTH 7),
TIpUHAJJIeXallle Tely, BpalllaloleMycs C YIJIOBOH CKOpPOCTBIO O U
YTJIOBBIM YCKOPEHHEM €, TaHTEHIUATbHAsI U LIEHTPOOEXHasi COCTaB-
JIIOIIME CHJIBI MHEPUUU OINpPENesIIOTCs TaK:

_ . — ma?
F, ., = mer; F,,, = mor.
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1.10. Cunbl, AeACTBYIOWUE HA TOYKM MEXaHUN4YeCKOoMn
CUCTEMbI

Mexanuueckoti cucmemoii Ha3bIBalOT MBICJIEHHO BBIIEJIECHHYIO COBO-
KYITHOCTb MaTepPHAJIBHBIX TOYEK, B3aMMOIEHCTBYIOLINX MEXITY COOOI.
MexaHHUYeCKYI0O CMCTEMY MHOTIA Ha3bIBAIOT MamMepuanbHol cucmemou
WU cucmemoli mamepuanvivix mouek. CylIeCTBYIOT CHCTEMBI C80000HbIX
Touyek (Hanpumep, ColHeYHasi CUCTEMA) U Hec80000HbIX MaTeEPUATb-
HBIX TOYeK (MX ABYDKEHMS OrpaHUYeHHI CBA3sIMH). [IprMepoM cUCTEMBI
HECBOOOIHBIX TOYEK MOXET CIIYKMTb JIF0OOM MeXaHU3M WIM MallliHa.

Bce cwibl, meiCTBYOIME HA CUCTEMY HECBOOOMHBIX TOYEK, MOMI-
pa3nensiioT Ha 3adasaembie (aKmueHble) cuabl U peakyuu cesaseli (nac-
cugHble cuabt). [1o ApyroMy NMpM3HAKy CWIBI, AEUCTBYIOIIE€ HA TOYKHU
J11000#1 MeXaHUYEeCKO# CHUCTEMBI, AENSAT Ha BHEIIHUE U BHYTPEHHUE.

YcnoBuMcst 0603HayaTh BHELHUE cHiIbl FE, BHyTpeHHUe cwibl F7.

Brewnumu Ha3bIBAIOT CWIBL, IEHCTBYIOLLIME HA TOYKU CUCTEMBI CO CTO-
POHBI MaTepUATbHBIX TOYEK, HE BXOMSIMX B COCTaB JaHHON CHCTEMBI.

Brympennumu Ha3pIBalOT CHJIBI B3aMMOIEHCTBUS MEXITY MaTepUalib-
HBIMHU TOYKaMHM NaHHON MexaHHW4ecKoi cucTeMbl. IIpuMepoM BHYT-
PEHHMX CHJI MOFYT CJIYXMTh CHJIBI YIIPYTOCTH, NEHCTBYIOIIME MEXIY
YacTULAMM YIIPYIoro Tejia, MPUHSITOrO 3a MEXaHUYECKYIO CUCTEMY.

OpaHa ¥ Ta Xe CHJIa MOXeT OBITh KaK BHEIIHEMH, TaK U BHYTPEHHE
B 3aBMCHMMOCTH OT TOTO, KakKasi MexaHHU4ecKasi CHCTeMa paccMaTpuBa-
ercs. Hanpumep, peakliuy MOIIIMITHUKOB BaJia SIBJISIIOTCSI BHEITHUMM
CWIaMU MO OTHOLUEHHUIO K Baly. DTH XE pPEeakKIMM MOXHO OTHECTH K
BHYTPEHHUM CWIaM, €CJIM pacCMaTpUBaTh BCIO YCTAHOBKY BMECTE C
MallMHOM.

Taxum o6pa3oM, J100asi cuia MOXET ObITh BHELIIHEN WM BHYTPEH-
HE#, B TO XX€ BpeMsi OHa MOXET ObITh 331aBa€MOM WJIM peaKIIMEi CBsI-
34. JIBMXXE€HHE TOYEK CHCTEMBI 3aBHCHT KaK OT BHEIIHMX, TaK U OT
BHYTPEHHUX CHJI.

Ilo 3aKOHY paBeHCTBa JeWCTBUS U IIPOTHBOAEHCTBUS KaXI0U BHYT-
peHHeMl ciule COOTBETCTBYET Npyrasi BHYTPEHHsSI CiUla, paBHas €l 1o
MOJIYJIIO ¥ MTPOTHUBOIIOJIOXHAS MO HampasjieHuio. Ha ocHoBaHuM 3TOro
MOXHO CIeJIaTh CJIEAYIOIIME BHIBOIbI.

1. ['maBHBIA BEKTOP BCEX BHYTPEHHMX CIJI CUCTEMBI paBEH HYJIIO:

— ko _
R =Y F =o.
i=l

CJIC,IIOB&TCJIBHO, M CyMMBI HUX MpPOEKLHUI Ha KOOPOAWUHATHHIE OCHU
TAKXKE paBHbI HYJIIO:

k _ k _ k _
SF{=0,3F =0, F/ =0.
i=l1 i=1 i=1

i=
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2. I'maBHBINA BEKTOP-MOMEHT BCEX BHYTPEHHUX CHJI CUCTEMBI OTHO-
CHUTEJILHO J1I000T0 LICHTpAa Y KOOPAVHATHBIX OCEM paBEeH HYJIIO:

HJIn

Zmomx( /)= OZmomy( /)= OZmomz(F-J)=O

i=1

XOTs 3TH ypaBHEHUS UMEIOT BUJ ypaBHEHUI paBHOBECHS CUJI, ITPO-
M3BOJIbHO MPWIOXEHHBIX B MPOCTPAHCTBE, OMHAKO B HUX BXOIAT BHYT-
PEHHME CHJIBI, KOTOpble HE yPaBHOBEIUBAIOTCS, TaK KaK OHHM MPUJIO-
XEHB! K Pa3HbIM TOYKAM CHCTEMBI M MOTYT BbI3BaTh IEpeMeIllEHUE
3THX TOYEK OTHOCHTEJIBHO IPYT ApYTa.

1.11. Teopema 0 ABUXEHUUN LLeHTPa MaccC
MeXaHU4YeCcKo CUCTEeMbI

IIpencraBuM, YTO MeXaHMYECKasl CCTeMa COCTOMT U3 kK MaTepu-
albHBIX ToueK (puc. 1.43). M3BecTHO (cM. moapasn. 1.6), YTO MOXHO
HaWTHU MOJIOXEHUE IIEHTPa MacC TaKoil CUCTEMBI, €CJIM 3alaHbl MacChl
m; TOYeK U UX KOODAUHATHI :

K k k
Z m;X; Z m;y; 2 m;Z;
i=1 i j=1 .

Xe=B—) yo=B—) 2o =E
m m m
Z flE m, —
:T\/ &
A m, B
C
m; — m
/\F,- Tc
Ff 0
y
Zc
Xc
Yc
’
X
Puc. 1.43
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CJiemoBaTenbHO,

mxc—Zm,x,, myc—Zmy,, mzc = Zmz,
i=1 i=1

JBaxasl npoaud@epeHLIMpOBaB 3TH PaBEHCTBA, MOJIYYUM
) k k k
mxc = Zmixi§ myc = meyi; mic = Zmizi'
= i=1 i=l

IIpaBble YaCTH ITOJYYEHHBIX YPaBHEHUI B COOTBETCTBHU C OCHOB-
HBIM 3aKOHOM JMHAMUKU IIPEICTABJIAIOT CO00i cyMMy BHeWIHuX FE
Y BHYTpeHHMX F; cwl, IeCTBYIOLIMX HA 3TH MaTepUaIbHBIE TOYKH,

B IIPOCKIIMAX Ha COOTBETCTBYIOLIIMEC OCH KOOPDAWHAT. CnenmoBaTesIbHO,
MMOCJICAHUEC YPABHEHHUA MOXHO II€PEINMUCATh TaAK:

me ZFE"'ZFD‘(,amYC—ZEf"'Z ty, ZC z +

i=1 i=1 i=1 i=1 i=1

x>~

M:v

i1

-~

Y4uuTEIBas, 4TO IVIaBHBI BEKTOP BHYTPEHHMX CHJI paBeH HYIIO
(R’ =0), MOTyYUM

k k k
mic =Y FEsmyc =Y Ff;méc =Y FE.
i=1 i=l i=1

DTH ypaBHEHHS BHIPAXAIOT TEOPEMY O ABHIKEHHH IEHTPAa MAacCC CH-
cTeMbl, KoTopass GOpMYINPYETCS CIEAYIOIIMM 00pa3oM.

U.eHTp MacC MexaHMn4eckoim CUCTeMsbl ABUXETCA Kak MaTepuanbHas ToO4-
Kac MaCCOﬁ, paBHOVl Macce CUCTEMbI, K KOTODOVI NPUNOXEHbl BCE BHELLHKEe
Cunbl, IENCTBYIOLLNE HA 3TY CUCTEMY.

OTCIOI[a CJIEAYET, YTO BHYTPCHHUE CHJIBI HE OKa3bIBAIOT BJIMSHHA
Ha OBM2KCHUC LICHTpaA MaccC MeXaHUYECKON CUCTEMBEI.

IIpamep 1.14.

OnpenenuTs nepeMellieHue IUIaByyero KpaHa, OJHUMAIOLLErO Ipy3 Mac-
coit 2000 Kr, MPU IOBOPOTE CTPENIbI KpaHa IO BEPTHMKAJIBHOTO MOJOXEHHUS
(puc. 1.44). Macca xpana 20 T. JI;iuHa ctpesibl AB paBHa 8 M. CONPOTHRIIEHHEM
BOIBI MpeHeOpeyb.

PeweHnue.

1. Beibupaem cucremy otcuera Oxy (puc. 1.44, a).

2. ITpocTapisieM BCce BHEIIHKE CIIbI, AEHCTBYIOLINE HA MaTepUAIbHBIE TeJla
JMaHHOM MeXaHM4YeCKoi cucTeMbl. Ha ruiaByyuii KpaH AEMCTBYIOT CHJIa TsDKEC-
TH mg (3amaHHasi cwia) M ciwia N (peakius, T.e. IaCCUBHAs CHJIA); K Ipy3y
MPWIOXEHA TOJBKO OJHA BHELIHSS CHJIa — €ro BeC M,g.

3. 3anuuieM ypaBHEHHS IBIXEHUS LIEHTPa MacC MEXaHUYECKOM CUCTEMBI:

me_ZFLx’myC_z iy
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A A
X2xon .
Glo N
mg
G : . ///FB! : 0— ;-2_ —
g ] 5 _— fl—
Xinay !| Xixon e
a 6
Puc. 1.44
WIH

mic =0; mjc = -mg-mg+N.

4. BymeM uccienoBaTh epBOe ypaBHEHHE, TaK KaK HaC UHTEpECYeT IBU-
XeHHe LIeHTpa Macc 1o ropu3oHTanu. [TockoabKy mxc =0, TO CKOPOCTb LIEH-
Tpa Macc BIOJb oCH Ox v, = const. DTO 03HAYaeT, YTO CKOPOCTh LIEHTPpa Macc
B 3TOM HallpaBJieHHH B JII000# MOMEHT BPEMEHH HEM3MEHHa, T.€. CIpaBel-
JIUBO PABEHCTBO UxCpay = VxCion-

B HavanbHBI MOMEHT CHUCTEMa HaxXxoOWiach B IIOKOE, CJIEeIOBaTEJbHO,
VeCnay = UxCxon = 0. A TaK KaK v,¢c = dxc/dt, T0 x¢ = const.

TakuM 00pa3oM, aHAJIM3 YpaBHEHMS OBUXKEHHS LIEHTpa Macc BIOJb OCHU
Ox noka3saji, YTO HayaJibHasi ¥ KOHeYHasi KOOpAMHAThI LIeHTpa Macc COBIaaa-
0T XCyay = XCkon-

5. 3anuuieM ¢opMyny IS OonpeleseHUs MOJIOXEHHUs LIeHTpa MacC Mexa-
HHMYECKOM CHCTEMBI IPUMEHUTENIBHO K €€ HaYIbHOMY IOJIOXKEHUIO

m Xy yay + My Xyyay
m +m

XCuay =
A KOHCYHOMY ITOJIOXCHHIO

_ M Xyon + My Xokon
oo = T m,
1 2

6. Beipa3uM HayajbHbIE U KOHEYHbIE KOOPAMHATH MaTepUAJIbHBIX TEJl CH-
CTEMBI B COOTBETCTBUM C BbhIOpaHHOM CHCTeMOM oTcueTta (puc. 1.44, 6):

Xinaa = b Xonaw = —AB'in30° = -8. % - 4w
Xikon = b-1; X2xon = -1
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7. OnpenensieM nepemelieHue / ruiaBydyero KpaHa. [IpupaBHUBAS Xcyay =
= XCkons MOTYIUM

MX| yay + MoXp pay = M X1 gon + M2Xy kon
WIn
mb + my(—4) = my(b - 1) + my(-1);
mb-m, -4 =mb-ml-ml,
—-2000-4 =-20000/ - 2000/ ;
/= (4-2000)/(20 000 + 2000) = 0,36 Mm.

1.12. PaGoTa cunbl

Pabora nocrosanHoi cwibl. BeIYMCIUM paboTy CHIIBI, ITOCTOSTHHOM
10 MOJYJIIO ¥ HanpasieHuIo (puc. 1.45, a). [Ipeanonoxum, 4To ToYKa
M nepeMeiiaercsa B Touky M,. Bektop cuiibl F ¢ BeKTOpOM IepeMe-
wenns U cocramnsier yron o. B 3ToM cirydae paGoTy BBIMONHSIET TOMb-
KO Ta COCTaBJISIOILAsA CUJIbI, KOTOpas COBIANAET C HANIPaBJIEHUEM BEK-
Topa nepeMmeleHust U:

A= FU cosa = FU cos(F,U).

N3 BEKTOPHOM aJII‘C6pr HU3BECTHO, YTO CKAISAPHOC ITPOU3BCACHUC
IBYX BEKTOPOB paBHO IPOMU3BEIACHMUIO MX MOIYJIEM Ha KOCHUHYC yrja
MEXIY HUMMU:

F-(7=FUCOS(F,(7).

CrneqoBaTe/IbHO, pa60oTa NOCTOAHHOM N0 MOAYIO M HANPaBAEHMIO CUNbI
Ha NPSIMONVHENHOM NepeMELLIEHUN ONpeaensaeTcs CKansipHbIM NPon3se-
[eHNeM BEKTOPa CWJbl Ha BEKTOP NepeMELLIEHUS €€ TOYKWN NPUITOXEHNN:

A=F.U.

F M, UM
Gfr _» \Ur
[ U M U M,
M M,
a 6 6

Puc. 1.45
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YacTHble CAyyad onpeneleHUss paboThl MOCTOSAH -
HOW CHIIBL

1) cuwia F peiicTBYeT Ha TeJIO B HallpaBJIE€HUM BEKTOpa NepeMeLLe-
Husa U:
A= FU,
2) cuna F HanpaBieHa NeprieHIUKY/IIPHO BEKTODY IepeMelle-
Hus U:
A=0;
3) cuna F Harpap/ieHa B CTOPOHY, NMPOTUBOIOJIOXHYIO BEKTODPY
nepemelienus U:
A=-FU.
PaccMoTpuM TeopeMbl 0 paboTe ITOCTOSTHHOM CIUTHBI.
Teopema 1. PaboTa paBHOAENCTBYIOLLEN CUbI HA HEKOTOPOM Nepeme-
weHnn pasHa anre6panyeckoi cymme paboT COCTaBASIOLWMNX CHITbl HA TOM

Xe nepemeLLeHnn.
ITonoxuM, 4To Ha TOYKY M HefCTBYIOT IIOCTOSIHHBIE 110 MOAYIIO U

Harnpasienuio cwisl F, B, ..., F, (puc. 1.45, 6). PaBHozeicTByOLIAs
stux cwn: F=F + E +...+ F,. Eciiu Touka IOJy4aeT IepeMelleHue
U, 10 pa6ora ciwisl F Ha 3TOM nepeMelieHnn 6yneT paBHa

A=F.U=(R+FK+..+F,)0=R-U+FK-U+..+F, 0.

ITonyyeHHass cyMMa NpeACTaBIsAET CO60# CyMMy paGoT OTAEIbHBIX
cwi Ha nepeMelieHnd U. TakuM oGpa3oMm, HMeeM

A=A+ A+ ...+ A,

Teopema 2. Pa6oTa cuiibl Ha pe3ybTUPYIOLEM NEePEMELLEHNN PaB-
Ha anrebpaunyeckoii cymme paboT aTOM CUNbl HA COCTaABASIOLWLMX Nepe-
MeLuwleHUndx. _

ITonoxuM, 4TO TOYka M NMPHIOXEHHUS MOCTOSSHHOM cuibl F mo-

JIy4aeT COBOKYITHOCTb IOCJIEIOBaTebHBIX nepemeenuit Uy, U,, ..., U,
(puc. 1.45, 8). PesynbTupyloliee nepeMelieHue TOuku M

U=U0,+U,+..+U,.

Omnpenenum paboTy ciiibl F' Ha 3TOM NepeMelleHNU:

A=F.U=F -(U,+0,+..+0,)=F .U, +F-Uy+..+F .U,

[Mony4eHHass cymMMa MpeAcTaBIIsieT coboit cymMmMy pabot cwisl F Ha
COCTaBRJISIIOLIMX NepeMelneHusix. TakuM oOpa3oMm, uMeeM

A=A+ A+ ...+ A,
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HammomMHuM, 4ro emuHULE M3MepeHUst paboTel B MexXmyHapon-
Hoit cucteme emuuuil (CH) sasasiercst dxwcoyas (1 Ix = 1 H - m).

PaGoTa cCUJB TAXECTH HE 3aBUCUT OT BUIA TPAEKTOPUH, a
OITPEAEIISETCS TOJIBKO PACCTOSSHUEM MO BEPTUKAIA MEXIY HA4aJIbHOM
U KOHEYHOH TOouKaMM IepeMelleHus (repemnanoM BeicoT H):

€CJIM TOYKa IEPEMEILACTCS CBEPXY BHU3, TO paboTa CUJIBI TSDKECTH
MOJIOXXUTETbHAS

A= mgH,

€CJIM TOYKa InepeMeiacTcss CHU3y BBEPX, TO pa60Ta CHJIBI TSXCECTHU
OTpHIATC/IbHASA

A=-mgH.

M3 3T0rO0 CeayeT BaXHbIN BBIBOA: paboTa CUiibl TAXECTU Ha 3aMKHY-
TOM NYTW pasHa HyIo.

IIpamep 1.15.

IIpeHebperast CONpOTUBIEHHEM BO3/yXa, ONPEAEIUTh pabOTy CHUIIBI TSXe-
CTH IIPY CHIKEHMHM TutaHepa Maccoii 1200 xr u3 Touku A B Touky B (puc. 1.46).

Pewmenue.

Ha rutanep, KOTOpBIi MBI IPUHUMAEM 332 MaTEPHAIBHYIO TOYKY, NEHCTBY-
€T TOJIBKO CHJIA TsKeCTH. PaboTa CHIIBI TSKECTH IIPU IEPEMELLIEHUH €€ TOYKHU
TIPUIOXEHUS CBEPXY BHU3 OMNPEAEIUTCS TaK:

A=mgH=1200-9,8-2800 = 32828000 H- ™ = 32,828 MH - m.

Pa0ora cii, NpHIOKEHHBIX K BPAMAILIEMYCs TBEpIOMY TeJIy. TBep-
JIo€ TeJIO MPEICTaB/ISIeT U3 ce0sl MEXaHUYECKYIO CICTEMY, PACCTOSTHUS
MeXIy TOYKaMH KOTOPOM OCTAlOTCSA HEM3MEHHBIMH. [10I0XUM, YTO K
TBepaoMy Teny (puc. 1.47), BpaliaroleMycsi BOKpPYT HEITOABIDKHOM OCH,
npwioxeHsl BHewHwe cwisl FE, EE. .. FE B pesynbrare meii-
CTBHUSI KOTOPBIX B OIopax A U B BO3HUKAIOT PEaKLUU CBS3€i, UX IPO-
eKIIMM ITOKa3aHbI Ha pucyHKe. HeobxomuMo orpeneauTs paboTy CHI, B
pe3yJIbTaTe IeiCTBUSI KOTOPBIX TeJIO Bpaliaercs. [IoMrMMo BHELIHUX Cy-
IIECTBYIOT ¥ BHYTPEHHHUE CIJIBI 1 MOMEHTHI, HO IS a0COJIIOTHO TBEP-
JIOTO TeJia paboTa BHYTPEHHUX CHJIOBBIX (PaKTOpOB paBHA HYJIIO. BhI-
YUCIUM BJIEMEHTApHYI0 paboTy OT-
nenbHOM cwibl Fif Ha aneMeHTapHOM
MepeMeIleHUH €€ TOYKH ITPUIOXEHUS
dS;. Tpaexropust Touku D; — OKpyX-
HOCTB ¢ paguycoM r; = D;0. Ilpu ane-
MEHTapHOM IIEpEMEIIEHUM TeJia €ro
YTOJI IIOBOPOTA MOJIyYaeT IpHUpalleHUue
do, a myroBasi KOOpIUHATa TOYKU D; —
npupaiieHue dsS; = rde. Beraucaum
Puc. 1.46 3/IEMEHTapHyI0 pa6oTy cuibl FE,

2,8 xm
|

1w

25 kM
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IIpEABapUTCIIbHO Pa3jIOKUB €€ HAa TpHU
COCTaBJIAKOIIHUE IO €CTECTBEHHBIM OCSIM

TpaekTopuH Touku D, Pabota cun Ff
u Ff, neprnieHmuMKyaspHBIX K BEKTOPY
CKOpOCTH TOYkH D;, paBHa Hyimwo. Ilo-

3TOMy 3/IeMeHTapHas pabota cuwibl Ff

OyIeT OIpeneIsIThCS TOJBKO €€ TAHTEH-
IMAJIBHOM COCTaBJISIOLIEIH:

8AF = FEdS, = FEndo= MEde,

DrieMeHTapHasi paboTa BCeX BHELITHMX
CHJI, MIPWIOXEHHEBIX K TBEPIOMY TEJy:

84 =Y 84F =Y MEde = doY ME, Puc. 1.47

rie Y ME =MF — rnaBHbiii MOMEHT
BHELIHUX CIJI OTHOCHUTEJBHO OCH BpAILEHHs Z. 3HECh CIEIyeT OTMe-
THMTb, YTO PEAKIIMHU CBSI3ei MOMEHTA OTHOCUTEIBHO OCH Z HE CO3IAIOT,
TaK KaK MepeceKaloT 3Ty OCh.

Takum obpa3oM, HUMeeM

* 8A=Y84F = MEdo,

T.e. anemeHTapHas paboTa cun, NPUNOXEHHLIX K TBEPAOMY Tesy, Bpatia-
I0LLEMYCS BOKPY HENOABUXHOM OCU, paBHa NPOVU3BEAEHNIO FAaBHOMO MO-
MEHTa BHELLHWX CWU/ OTHOCUTENBHO OCY BPALLEHUS Ha NpupalleHve yrna
nosopora.

Ecnu npu Bpalue€HHMH TeJia yToJl TOBOPOTa U3MEHSIETCS OT @) A0 @5,
TO CyMMa pabOT CHJI Ha 3TOM KOHEYHOM IepeMellieHUN

92
Y 4 = [ Mfde.
(]

Ecnu rnaBHBIIT MOMEHT BHEIIHMX CWJI OTHOCUTEIBLHO OCH Z ITOCTO-
SIHHBIA, TO

)
Y 4 = ME [ do=ME (9, - ).

L

B sToM cliyyae cyMMa pabOT Ha KOHEYHOM YTJIOBOM NNEPEMCILICHUHN
paBHa NNPOU3BCACHHUIO ITTABHOI'O MOMCHTA BHCIIHUX CHUJI OTHOCHUTEJIb-
HO OCH BpallICHUAA Ha KOHCYHOC M3MCHCHMUE yIJia IIOBOPOTA TEJia.
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1.13. MowHoCTb

OpnHa ¥ Ta Xe paboTa MOXeT ObITh BHITIOJTHEHA 32 pa3IMYHbBIE MPO-
MEXYTKH BpeMeHH. I103TOMy BBOOAT MOHSTHE MOLIHOCTH; €AMHMIIEH
u3mepeHus: MoirHoctd B CU sisngercs eamm (1 Bt = 1 dx/c).

Ecau cwra mpou3BOIUT B paBHBIE ITPOMEXYTKH BPEMEHH paBHbBIE
paboThI, TO MOIIHOCTh MOXHO OINpEAEUTh OTHOLIEHHEM pPabOTHI KO
BpeMeHH. [Ipy paBHOMEPHOM NMPSIMOJIMHEHOM BIDKEHHH TOYKH, KOTIa
nepemelieHne U = vf, MOIIHOCTb N MOXHO OIPENEIUTDb Yyepe3 cuty F
M CKOPOCTb ABMKECHHUSI:

N=F-vcosa,

re o, — YToJI MeXIY BEKTOpaMH IEePEMELIEHUS M CUJIBL.
151 paBHOMEPHOTO BpalllaTeJbHOTO ABMXXEHHS Tela, KOTOPOE UMEET
MOCTOSIHHYIO YTJIOBYIO CKOpPOCTb, CIIPaBEUTHBA ciieayolias ¢popmyia:

n
Kp % ’
raoe Mxp —_ KpYTHI.U.I/Iﬁ MOMCHT OTHOCHUTCJIIBHO OCH BpallICHUA; h —
4YacToTa BpallCHUA, 06/MI/IH.

N=M,o=M

1.14. KoadpduumeHT nonesHoro aemncreusa

Y106l MPOU3BECTH MOJIE3HYIO paboTy, HEOOXOAMMO 3aTPaTUTD He-
CKOJIBKO 60JIbIIYI0 paboTy, TaK KaK YaCTh €€ PacXOAyeTCs Ha IIPeoao-
JIEHHE CWI CONMPOTHUBJIEHMsI (CHJI TpEHHS B 3yOUaThIX Iepeaayax v orno-
pax, COTPOTUBJIEHHUS BO3yXa U APYTOM Cpelbl, B KOTOPOi nepeMela-
eTCsI MaTepUabHas TouKa). DpdeKTUBHOCTh paboThI KaKOH-THOO0 yC-
TaHOBKM WJIM MalllMHBI OLIEHUBAETCS KO3(POUIIHEHTOM IT0JIE3HOIO ek -
CTBMA 1.

Koagpgpuyuenmom noaesnoeo deiicmeus (KI1J1) MalimHbl Ha3bIBaIOT
OTHOULIEHHE TO0JIe3HOM paboThI K MOJIHOM 3aTpayeHHOM paboTe:

= AHOJ'ICS < 1.

AﬂOJlH

‘Q KoHTpOnbHbIe BONPOCHI

1. Yto Ha3biBaeTCs abGCONIOTHO TBEPALIM TEJIOM?

2. Kakue cucTeMbl CHJ1 Ha3bIBAIOTCS 3KBHBaJIEHTHBIMH?

3. B yeM cOCTOMT NPUHLMIT OCBOOOXIAEMOCTH TBEPIAOTO TeJa OT CBsA3ei?
4. YeM OTIMYAIOTCS aKTUBHbIE CHJIBI OT MACCUBHBIX?

n
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5. Yro Ha3bIBaeTCA IUIOCKON U MPOCTPAHCTBEHHOM CUCTEMOI cri?

6. YeM OTIMYAIOTCS CXOISLIUECS CWIbI OT IIPOU3BOJIBHO PACHOJIOXEHHBIX
B IIPOCTpaHCTBE?

7. Kak onpegensieTcsi MOMEHT CWIbl OTHOCUTENIBHO TOYKH?

8. 3anuiiyTe OCHOBHbIE YPaBHEHUS] pABHOBECHS] IIPOM3BOJILHOM MPOCTPaH-
CTBEHHOW CHUCTEMBI CWII.

9. Y10 TaKOE INIaBHLIN BEKTOP CUJI M YeMY OH paBeH? 3aBUCHT JIM IJIaBHbIA
BEKTOp CHJI OT BhIOOpa LIEHTpa MpUBeneHUs?

10. IepeyucinTe CriocoOb! OnpeaeseH st NOMOXEHUST LIEHTpPa TSKECTH TBEP-
IIOro Tena.

11. UMmeeT 11 MaTepHalibHasi TOYKA YCKOPEHHUE NIPU PABHOMEPHOM JBUXeE-
HHUU 1O KPUBOJMHEHHOM TpaeKTOpUu?

12. MoryT i1 TOYKM Tesa, ABUXKYLIETOCsl MOCTYNMaTeJIbHO, UMETb KPUBO-
JIMHEWHBIC TPAEKTOPUU?

13. YTO TaKoe MrHOBEHHBIM LIEHTP CKOpOCTe# TUIOCKO# purypni?

14. 3anuiKuTe OCHOBHOM 3aKOH JUHAMMKM.

15. B yeMm coctout npuHumn /1’ Anambepa?

16. Yemy paBHa paboTta CHIbI TsDKeCTU? 3aBUCHUT JIM OHA OT BUIA TPAEKTO-
PHM TOYKH MPUIOXEHHS CHIIBI?

17. Haitte onpeneneHne Ko3dduIiMeHTa Mojie3HOro AeicTBus. s yero
BBEJIEHO 3TO MOHATUE?

18. Kak omnpeneuTh LEHTP TSXECTH Ipy30BUKa?



Paspen?2
OCHOBbI CONMPOTUBJIEHUA MATEPUANOB

2.1. OCHOBHbIE NOHATUS

IIpy MpoeKTUPOBAaHUM COOPYXEHHH U MalIUH WHXEHEPY IPHUXO-
JIUTCS BEIOMpATh MaTepHal U MonepeYHble pa3Mephl IUIsT KaXIOro 3Jj1e-
MEHTA KOHCTPYKIIMM TaK, YTOOBI OH BIIOJIHE HaJeXHO, 6e3 pucKa pas-
PYLLIUTBCS WIM UCKA3UTb CBOIO (DOPMY, CONPOMuUBAAACA NEUCTBUIO BHELLI-
Hux cwi. OcHOBaHMS i MPaBWIBHOTO pellieHUs] 3TOW 3agayM JaeT
HayKa O conpomueaeHuu Mamepuanoe.

B naHHOM pa3zene paccCMaTpUBAIOTCS TeJla, KOTOPBIE MO AEHCTBU-
€M BHENIHUX CIJI MEHSIOT CBOIO (pOpMYy M pa3Mephl, T.€. degopmupy-
omcs.

JedopMalu MOTYT OBbITh ynpyeumu, €CIU TEJIO MOCJIE YCTPaHEHUSI
Harpy3KH, T. €. BHEIIIHUX CWI, BOCCTAHABIMBAET CBOM pa3Mephl U pop-
My. Ecnu Xe nmocie CHSITUsI Harpy3KH TeJIO HE BOCCTAaHABJIMBAET CBOUX
pa3sMepoB M NpexHeil GOpMBI, TO BO3HUKAIOIIKE MPU 3TOM JedopMa-
LIMM Ha3bIBAIOTCSI ocmamoyHbimu. Mbl OyieM U3y4aTh TOJIBKO 00HOpPOO-
Hble uzomponHsie TejNa, Y KOTOPHIX IO BCEM HArpaBJI€HUSIM CBOMCTBa
OIUHAKOBBIE.

B conpoTuBIeHUH MaTEPUAJIOB Teja KJIaCCUDULUPYIOT CAEAYIOLLIUM
obpa3oM:

naacmuxa — napajulesienuIes, JUIMHa U LIMpUHA KOTOPOro HAMHOTO
GoJIbllie TOJIIMHBI;

0boa04ka — TENO, OrpaHUYEHHOE KPUBOJIMHEHHBIMM ITOBEPXHOC-
TSAMH, JUIMHA U IIMPHUHA KOTOPOro, KakK y IUIaCTMHBI, HAMHOIO 0O0JIb-
11 TOJIIMHBI;

6pyc — Teyo, y KOTOPOro pa3Mephl NMOINEPEYHOro CEYEHHUs MAJTBI 10
CPaBHEHHUIO C €ro IMHON. Eciy TMHUSA, COeIUHSIOLIAast LIEHTPHI TSDKE-
CTH OTHEJIbHBIX IOIEPeYHBIX CEYeHHU Opyca, npsiMasi, TO Takoi Opyc
Ha3bIBAIOT MPSIMBIM;

cmepxceb — Gpyc, paboTaolIMi Ha PacTSDKEHHE WIM CXaTHE;

baska — Opyc, K KOTOPOMY IPWJIOXEHHI CWIBI MOI yrjioM. B aToM
cliydyae Opyc moa OeCTBUEM TaKMX CHJI OyneT paboTaTh HE TOJIBKO Ha
cxaTue (pacTskeHHe), HO U Ha U3ruo, T.e. Oymet U3rubartbCs.

B 3aBMCHMOCTH OT TOTO, KaKH€ CWIbI MIPWIOXEHHI K Ty, OHO Oy-
IET Mo-pasHoMy dedopMUpoBaThCsl. YTOOHI ONpeneIUTh HaPSDKEHHOE
COCTOSIHME, TTPUMEHSIOT Memod ceveHul. MeTon ceyeHUil MO3BOJISIET
BBISIBUTD BHYTPEHHHME CHJIBI M 3aKJIIOYAETCSI B TOM, YTO TEJIO MBICJIEH-
HO pacceKaloT IUIOCKOCThIO Ha IBe YacTH (puc. 2.1, a) ¥ paccMaTpuBa-
JIOT paBHOBeCHE OJHOM M3 OTCeYeHHBIX yacTed. CUUTAIOT, YTO BHYT-
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pPEeHHHUE CWJIbl paclpeAcieHbl PAaBHOMEPHO, MX DPaBHOAEKCTBYIOLLAs
paBHa N (puc. 2.1, 6). CocTaBUM ypaBHEHHE PAaBHOBECHS] BHEIIHUX
FE uBuytpeHHux F’ cwi, DefCTBYIOLIMX Ha OTCEYEHHYIO YacTh Gpyca:

YFE+YF =0 wm F- N=0.

Orcloma
N=F

BennunHa ©, XapakTepuU3ylollasi UHTEHCUBHOCTb pacTpencieHUs
BHYTPEHHHMX CWJI IO IONEPEYHOMY CEYEHHIO, HA3BbIBACTCS Hanpsice-
Huem:

o = N/S,

rae S — IUIOLaAb MONepeyHOro CeYeHus.

HanpsoxeHue cornmacHo MexXayHapOIHON CUCTEME €IUHML] U3Me-
psaetcs B nackanax (Ila; 1 T1a = H/M?), Ha npakTUKeE 4Yallle UCIIONb3Y-
1oT Meranackanu (1 MIMa = 1 H/mMm?).

Ha puc. 2.1 BHyTpeHHHE CHJIbI HalpaBJIeHbl IO HOPMAJIH K ITOIe-
PEYHOMY CEYEHHIO, ITOITOMY HAIPSKEHUE HA3bIBAETCS HOPMAAbHBIM.

B o6uieM ciyyae HarpyxeHus Tena (pyc. 2.2) Bce BHYTPEHHHUE CUJIBL
MOXHO TIPUBECTH K INIABHOMY BEKTOpPY R ¥ IJIaBHOMY MOMEHTY M.

BriGupaeM cucTeMy KOOpAMHAT TakK, YTOObI och Oz GbLIa HampaB-
JIeHa TI0 HOpMaJIM K cedyeHHio, a ocd Ox u Oy pacIioJIOXHUM B €ro
rutockocTH. CIIpOeKTHPOBAB IIaBHBIN BEKTOD U IJIABHBII MOMEHT BHYT-
PEHHMX CIJI, a TAKXKe BHEIIHHME CHIbI, OIeHCTBYIOIIME Ha IIPaBYIO OT-
CeYeHHYIO YacCTh, Ha KOOPIWHATHBIE OCH M NIPUPABHSB UX CYMMY HYITIO,
MOJIyYUM LIECTb YPAaBHEHUU [UISI OINpENENICHUS] 6HYMPEHHUX CUN0BbIX
pakmopos. CocTaBiaIlasg BHYTPEHHUX CWI, TEWCTBYIOIIHUX MO HOP-
MaJId K ceuyeHH10o, N — HopMajbHas cwia, cwibl Q, U Q, SABIAIOTCS

COCTaB/ISTIOILMMH THONepeyHoit cuibl Q. MOMEHT OTHOCHTENBHO OCH Z
Ha3bIBAIOT KPYTSALUUM MOMEHTOM (M), a MOMEHTH M, u M, — u3ru-

F F

1]

Puc. 2.1
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S
/=

Puc. 2.2

GarolIMMI MOMEHTAMHU OTHOCHUTENIBHO oceil Ox u Oy. Ilpu 3amaHHBIX
BHEIIHUX CHJIaX BCE ILIECTh BHYTPEHHUX CHJIOBLIX (haKTOPOB MOI'YT OBITh
ompeJieJieHbl U3 IIECTH YPaBHEHMI PaBHOBECHS, COCTaBJIEHHBIX IUIS
OTCEeYeHHOI yactu Opyca. Eciu B momepeyHOM CeYeHHWU BO3HHMKAET

TOJIBKO BHYTPEHHSISI HOpMayibHas cwia N, a mpoyude BHYTPEHHUE CH-
JioBble (DAaKTOPbI OGPAIIAIOTCS B HYJIb, TO UMEET MECTO pacmANCeHue
WIM cacamue, B 3aBUCMMOCTHU OT HampaByieHUsi cwibl N. Ecim B mo-
NIEPEYHOM CEYEHUH BO3HHUKAET TOJIBKO MOMEHT M,,, To Opyc B JaH-
HOM ceyeHUH paboTaeT TOJIbKO Ha kpy4eHue. B cilyyae, Koraa BHELIHUE
CIWIBI MPWIOXEHBI K OpYyCy TaKMM 00pa3oM, YTO B ITOIEPEYHBIX cede-
HUSIX BOSHMKAET TOJIBKO M3rubarolmii MOMEHT M, (i M,), umeer
MeCTO yucmutli u3eub B uiockoctu Oyz (win Oxz). Eciu B morepeyHoM
CEYEeHUH Hapsmy C M3ruOarolllM MOMEHTOM, Hampumep M,, BO3HHU-
KaeT U nomnepeyHas cuia Q,, Takoi Cilydyail Harpy>XeHusl Ha3bIBaeTCs
nonepeunbim uzeubom (B Iwtockoctu Oyz). Bo3MOXHBI ¥ Ipyrye Ciaydau,
KOIZa B ITOMEPEYHOM CEYeHUM NEMCTBYIOT pa3IMyHble CHIOBBIE (pak-
TODBI; IIPH 3TOM OPYC UCIIBITBIBAET CAOHCHOE HANPANCEHHOE COCMOSHUE.
IToMuMO HOPMAJIBHOTO HAMPSXKEHUS B CEYEHUM OyIeT BOZHUKATh Ka-
caTeJIbHOE HaNpsXE€HHE T B IUIOCKOCTH 3TOT0 CEYEHHUSI.

2.2. PacTaxeHue U cxarve

Ilon pacmsaxcenuem MOHUMaETCsl TAKOU BUI Harpy>XeHWs, PU KO-
TOPOM B IOMEPEYHBIX CEYEHUSIX Opyca (CTEPXKHS) BO3HMKAIOT TOJIBKO
HOPMAJIbHBIE CWJIBL, @ BCE MIPOYME BHYTPEHHUE CWJIOBbIE (DaKTOPHI (I10-
TepeYHble CWIbI, KPYTAILIUIT MOMEHT Y U3rudalouine MOMEHTHI) paB-
HBbl Hy/0. Cocamue OTIMYAETCS OT PACTSKEHHSI TOJIBKO 3HAKOM CHJIbI
N: npu pactsskeHUM HOpMaybHasi cwiia N HampapjieHa OT CEYEHMS
(cM. puc. 2.1), a Ipu cxaTum — K cedeHU1o. [loaToMy npu aHaim3e
BHYTPEHHHUX CUJI COXPAHSIETCSI €EIMHCTBO MOIX0Aa K BOIIPOCaM pacTsI-
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XeHHs U cxkaTtusi. UCKiloyeHne COCTaBsAT IIMHHbIE TOHKHUE CTEPXKHH,
IUIS1 KOTOPBIX CXaTHe CONPOBOXAAETCS U3rMOoM (CM. moapasn. 2.11).

3akon 'yka. MHorounciieHHbIe HaOMIOAEHUS 32 TIOBEICHUEM TBED-
IbIX TeN MOKa3bIBalOT, YTO B TMOJABJSIOLIEM OOJBIIMHCTBE CIy4aeB
MEPEMEILIEHUS B ONPENETIEHHBIX NPEeaxX MPOITOPLUMOHAIBHEI AEHCTBY-
oM cuiaMm. B 1660 r. anrmuiickuii yyensiii P.T'yk chopmyaupoBai
3aKOH O TOM, YTO «KaKOBa CHJia, TakoBa U fedopmanusi». B coBpeMeH-
HOM TPaKTOBKE 3aKOH ['yKa OIpenensieT AuHelHyI0 3a8UCUMOCMb MeXC-
dy Hanpsaxcenuem G U degpopmayuel €:

o = Et,

rane £ — monynb ynpyroctu I pona.
st OTHOPOIHOTO CTEPXKHS IMHOM / epopMalins € ONpeaesieTCst
no ¢popmyie

£=—,

/
rae Al — ymJIMHEHUE CTEPXHSI MOA NEHCTBHUEM IPUJIOXEHHOU CUIIBI.
BemuuHYy € 4aCTO Ha3BIBAIOT OMHOCUMENbHbIM YOAUHEHUEM.

Mogynp ynpyroctu I poaa st KaXaoro Matepuaia onpeaeseTcs
3KCIIepUMEHTAIbHO. JUIsi Hanbosiee 4acTo BCTPEYAIOIMXCS MaTepya-
JIOB €ro 3Ha4eHMs NMpUBeIeHHI B Tao. 2.1.

Yamuenue crepikus. Eciu B 3akoH 'yka BMeCTO HanpsiKeHHMsI IO/~
cTaBUTh 6 = N/S, a BMecTo aedopMaliuu € = Al/l, To ISt CTEpXHS, Y
KOTOpPOTO Ha JUIMHE / BHYTPEHHSSI HOPMaJIbHAsl CWJIa MOCTOSIHHAs U
TIOITEPEYHOE CEYEHHE HE U3MEHSETCS, MOJYYMM BhIpaXeHHUe IS OIl-
pelneneHus yIUIMHEHUST CTePXKHSI:

M
ES’

IIpu peleHMM MHOTMX NMPAKTHUYECKHUX 3a1a4 BO3HHKAET HEOOXO-
JIUMOCTb Hapsily ¢ YIJIMHEHUEM, OOYCJIOBJICHHBIM HampsSXE€HUEM O,
YYUTBIBATh TaKX€ YIJIMHEHUS, CBA3aHHBLIE C TEMIIEPATypPHBLIM BO3-
JEHWCTBHEM.

B aToM ciyyae nedpopMaliinio pacCMaTpUBalOT KaK CYMMY CIUTOBOM M
YUCTO TeMITepaTypHOil nepopMallvM:

Al

€—g+(lt
E b

rae o. — K03 GUIIMEHT TEMITIEpaTypHOTO pacCIIMPeHUsT MaTepraa.
st OTHOPOJHOTO CTEPXHS, HarpYXX€HHOTO IT0 KOHIIAM M PaBHO-
MEPHO HAarpeToro, MMeem

Al = ﬂ+ alt.

ES
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Tab6nuupa 2.1
MexaHAYeCKHE XAPAKTEPHCTHKH MATEPHAJIOB

Hanpsxenue, H/Mm? £ 10| & %
Marepuan H’/MMZ MpH k= n
Orp Orc cn.p Op.c =5d

CraJib HU3KOYTJIe- 250 1 250 | 390 | — 2,0 42 —
poaucTas
Cranb 30 He3aka- 330 | 330 | 530 | — 2,0 28 —
JIeHHas1
Cranb 30 3akanen- | 1030| 900 | 1100 — 2,0 11 —
Has
Cranp 45 He3aka- 370 | 370 | 620 | — 2,0 24 0,25...0,35
JIEHHas
Cranb453akaneH- | 1040) 970 | 1080 | — 2,0 13 —
Hasl
Cranb Y8 He3aka- 250 | 430 | 630 | — 2,0 25 —
JIeHHast
Cranp Y8 3akajieH- 700 | 700 | 1100| — 2,0 16 —
Hast
Cranp 30XI'C 1400)1400] 1620 — 2,0 10 —
3aKajleHHast
Crans 40XHB 1720(2100f 2050 — 2,0 10 —
3aKajJeHHas
YyryH ceporit CU25 | 140 | 310 | 250 | 640 | 0,7 0,6 —
TuTtaH TexHuye- 520 | 520 | 600 | — 1,1 23 —
CKUIA
Menp oToXCKeHHast 55 551220 — 1,1 46 0,34
Mensb npyTkoBas 250 | 250 | 320 | — 1,1 15 —
JlatyHp 330 | 330 | 450 | — 1,2 17 —
BpoHza 110 | 110 | 136 | — 1,2 7,5 —
ATIOMUHU 50 50 84 | — 0,7 35 0,26...0,36
Hiopaib 340 | 340 | 540 | — | 0,75 13 —
Texcromur 75 | 115 127 | 168] 0,03 1,5 —

IllpuMeyaHue. o;, ¥ G;, — NpEAE] TEKYYECTH COOTBETCTBEHHO MNP PaCTsKe-
HUM ¥ CXAaTHHU; Gy, U G, — MpENE] NPOYHOCTH COOTBETCTBEHHO MDY PACTSDKEHHM U
CXaTUH; § — OTHOCUTENbHOE YUIMHEHUE NMPH pa3pbiBe; jy — IUIMHA obpa3ua; d —
AuameTp obpasua; u — koadduument Ilyaccona.
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ITocTpoenne 3mop. ' padpuK U3MEHEHNA HOPMAJIBHOM CHWJIBI, HAaIIpsi-
XEHUH U MepPeMELLECHUIT CTEPXHS BIOJb €r0 OCH Ha3bIBAECTCS NI0POi
COOTBETCTBEHHO HOPMAJIbHBIX CHJI, HAlPSDKCHUH U TEpEeMEILCHHH.
DmIopsl JAI0T HaIJISIAHOE MpPEACTaBIeHUE O 3aKOHAX U3MEHEHMS pa3-
JUYHBIX UCCIEAyeMBIX BeJMYMH. [locTpoeHue 3Mop pacCMOTPUM Ha
KOHKPETHOM TIPUMeEpE.

IIpumep 2.1.

Hns 6pyca, U306paxXxeHHOro Ha pucC. 2.3, @, MOCTPOUTH 3IMIOPbl BHYTPEH-
HUX CWI, HaNpsXXeHUH U mepeMeLleHU o [UInHe Gpyca.

Pemenwue.

1. BeiOupaem Hayajio OTcyeTa B HEMOABHUXKHOM Ce4yeHUM (Touka 0); rnoJjo-
XUTEJIbHOE HaIpaBJeHUE OCH Z HAIlpaBUM I10 ocH 6pyca, T.€. BHHU3.

2. OnpeaenuM peakiyio, COCTaBUB OJHO yPaBHEHUE PaBHOBECHUS:

Y F, =0, No-3F+F=0.

Orcionpa Ny = 2F.

3. IlocTpouM 3MIOpy BHYTPEHHUX CUJI N.

s 3TOro Ha pacCTOSIHMM Z; paccedeM Opyc M pacCMOTPHM paBHOBECHE
HMXHe yacTy (puc. 2.3, 6):

S F,=0; -N, +F =0.

Otcrona N, = F, yto cnipaBeayiuBo st [/ < z; < 31
B sTux npeaenax B 6pyce BO3HUKAET paCTSDKEHHE, TaK KaK N| HampasjieHa
OT CEYEHHUSI. ’

0y No No Q) © @)
F,=3F
~ 9 Sc=N=cE P .
~ L
S / / ES
v k VA = =
7 N, N=2F E/ — A
i J — S H s
— — L
s 4w — N
2=\
=
F]:F S|=S F N|=F g 2%
Z 6 2 0 e
a
Puc. 2.3



Tenepp BbiGepeM BTOpoOit yuacTok 6pyca 0 < 7, < / 1 pacCMOTPUM paBHOBe-
cue BepxHeit yactu (puc. 2.3, 6):

ZEZ =0, No— N2=0; 2F - N2=0.
1

Orcrona N, = 2F. Tlockonbky N, HampabjeHa K CEYeHHUI0, TO Opyc mon
neictBueM cuwit No u N, cxumaercs. Ilociie Toro Kak ornpenenwiM Bce BHYT-
peHHHE HOpPMaJIbHbIE CWJIBI, IEPEXOAUM K IMOCTPOEHUIO MIOPbl HOPMAJIBHBIX
cun (puc. 2.3, ¢). BnpaBo OyneM OTKJIaabiBaTh MOJOXHUTENbHbIE 3HAYEHUS,
COOTBETCTBYIOLIME PACTSKEHHIO, a BJIEBO — OTPHIIaTEeJIbHbIE 3HAYEHHsI HOP-
MAaJIbHBIX CHJI, COOTBETCTBYIOILIUE CXATHIO.

AHaJIM3UpPys TOCTPOEHHYIO 3Miopy N, 3aMEeTUM, YTO BHYTPEHHHE CHIIbI
HE 3aBHUCSAT OT Pa3MEPOB MONEPEYHOro CEYEHMS, a 3aBUCAT TOJIBKO OT IPWJIO-
JXKE€HHbIX BHEIIHUX cuI. IToaToMy mjiMHYy Opyca pa30MBalOT Ha TaKO€ YMCIIO
Y4YacCTKOB, CKOJIBKO COCPEeIOTOYEHHBIX CHJI Ha ero [UIMHE TIPWIOXeHo. B maH-
HOM cJiy4yae ObLIO IBa y4acTka.

IIpu npoBepke MPaBWIBHOCTU NMOCTPOEHMS 3MIOpbl N cienyeT o6paTUTh
BHHMaHHE Ha TO, YTO Ha 3MIOPEe BHYTPEHHUX CHUJI B T€X CEYEHMSIX, Iae ObLIU
TMPWIOXEHbl BHEIIHUE CHWIbI, JOJKHBI OBITh CKaYKH, PaBHbIE MPUIIOXEHHOMN
BHELIHEH cuie.

4. TTocTpouMm 3miopy HanpsikeHUi 6. bpyc cienyer pa3ouTh Ha y4acTKH.
Hanpsxenue o = N/S, ciegoBaTe/bHO, Y4aCTKOB Ha 3Miope OYIET CTOJBKO,
CKOJIBKO pa3 MeHSETC IMOIEPEYHOe CeYEeHHe; MPU 3TOM ClieayeT oOpaliaTh
BHUMAaHHUE, YTO MPHU MMOCTOSHHOM IUIOLIAAH MONEPEYHOTO CEYEHHUST HOPMalb-
Hasl cujia Ha smope N JoJKHA OCTaBaThCcsl HeM3MeHHOM. C y4eToM 3Toro Ha
3miope ¢ OyAyT TPU pa3lIMYHBIX 3HaYeHUs o (puc. 2.3, d): o, = N,/S| = F/S,
6y = Ni/S$, = F/(25); 03 = No/S$; = -2F/(2S) = -F/S.

5. IMoctpouM smiopy nepemerueHuit U. HayuHaTh crienyeT OT HEMOABHXHO-
TO CeYeHHs, T.€. OT ceueHus1 0. Bripa3zum nepeMelieHue ce4eHUs:, HaXOAs1Ie-
rocsi OT HEMOABUXXHOTO Ha PACCTOSIHUU Z,:

c
U=—2.
EZz
Ecin 0 < 7, < I, T0o 1 7, = | nepeMelieHue
-F
U =—1
'"ES
Hna l<z<2]
Uy=U,+2z,
2 1+EZ
F F
= —_— —l' = U =——l.
wi U, U,+2ES(Z ); npu z =2l U, 2ES
Hns 21 < z; <31
F F
U3 =U2 +E—S(Zl —21), IpHU 7, =3l U3 =ﬁ§l.

OTKiagbiBaeM BbIYMCIIEHHbBIE NepeMelleHus Ha smtope U (puc. 2.3, d).
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JInarpamma pactraxenus. Haubosnee HarmssiHO 0COOEHHOCTH Auar-
paMMBbI PacTSKEHUS MOXHO MOKa3aTh Ha pUMepe UCTTBITaHUs 0Opa3-
11a U3 HU3KOoYyTepoaucToi ctaym (puc. 2.4). JluarpaMma Bel4epueHa B
KoopauHatax F, Al. Ha KpyBoif MOXHO BBLIEJIUTD YETHIPE 30HBI.

3oHa OA HOCUT Ha3BaHUE 30Hbl ynpyzocmu. 30eCh MaTepUal OOYHU-

HseTcs 3aKoHy ['yka u Al = % Ha puc. 2.4 ator y4acTok st 60/1b-

el HaNISIAHOCTH IMOKa3aH C OTCTYIUIEHHMEM OT MaciuTtaba. YUIMHe-
HMA Ha ydyactke OA oyeHb Masibl, U TipsiMast OA, Oynydyu BeIYEpUYEH-
HOI B MaciuTabe, coBrmajaia Obl B NpeAesiax MIMPUHBI JIMHUUA C OChIO
OpAaMHAaT. 3HayeHHWe CWIBI, U1 KOTOPOii CripaBe/UTUB 3aKOoH ['yka, 3a-
BHMCHUT OT pa3MepoB oOpaslia U (pU3UYECKNX CBOICTB MaTepuana, Io-
3TOMY IpU JajIbHEHIIIEM pacCMOTPEHUM OUAarpaMMBbl PacTSKEHHS €€
MepecTpauBaloT B KOOPAMHATAX G U €.

3oHa AB Ha3bIBaeTCs 30HOU 06weli mexyvyecmu, UHOTA €€ HAa3bIBAIOT
naowadkoi mexyvecmu. 31eCb IIPOUCXOAMNT CYLLIECTBEHHOE U3MEHEHUE
IUTMHEI oOpa3iia 6e3 3aMeTHOTO yBeJIMueHusl Harpy3ku. He Bce meta-
JIBI UMEIOT IUIOIIAAKY TeKy4ecTH. Hampumep, y aTllOMUHUSI, OTOXCKECH-
HOM MeIW, JIETMPOBAaHHBIX CTajieil IUIOLIaNKa TEKYy4eCTH He OOHapy-
SKMBAETCS.

3ona BC Ha3bIBaeTCd 30HOU ynpoureHus. 30ech YIUIMHEHHE o0pa3ia
COIIPOBOXAAETCSl BO3pacTaHUEM Harpy3ku. B craguu ynpouHeHus Ha
o0Opa3iie HaMeuaeTcss MecTo Oyayuiero paspbiBa U Ha4UMHaeT 0Opa3o-
BBIBAThCSl TAK Ha3biBaeMasl welika — MECTHOeE cyxkeHue obpasua. I[1pu
NaTbHENIIeM pacTskKeHUHM obpa3la 1ieiika OBICTPO IIPOrpecCUpyeT:
HaunHas ¢ Touk C yIIMHEHHEe 00pa3lia MIPOMCXOAUT C YMEHbLUIEHHEM
CWIBbI, HO CpelHEe HANpsKeHHUE B MOMEPEUHOM CEYEHUM ILEUKU BO3-
pacTaer. YIUIMHEHHE 00pa3lia HOCUT B 3TOM Cllydyae MECTHBIN Xapak-
Tep, Mo3ToMy y4acToK CD Ha3bIBaeTCsl 30HOU MecmHot mekytecmu. Touka
D cooTBeTCTBYET pa3pylleHU0 oOpasLia.

OtHocuTeIbHAA monepeyHas aedopmauusa. [1pu pactsxeHuu (cxa-
THM) MPSIMOro Opyca KpoMe MpOAOJbHOM AehOpMalMM € IPOUCXOIUT
W3MeHeHMe TIoNepeyHBIX pa3MepoB Opyca (puc. 2.5). lllupuHa Gpyca
MpU pacTSXKEHUH yMeHblaeTcss Ha Ab. Eciu Ab OTHECTH K NEpBOHA-

F
C
D
r— -] 0—-——4—-—
A F | 5 | F
/

0 v I+Al

Puc. 2.4 Puc. 2.5
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YaJIbHOM LIMPUHE, TO MOJYYHUM BBIPDAXECHME IJIS ONpEACICHUS] OTHO-
CUTEJIbHOM TonepeyHor aeopManum €;:

. Ab
1=—-
b
OTHoOLIEHHE OTHOCHUTENILHOI MOTNepeYHOoi AedopMaliii K OTHOCH-

TeJIbHOM MPOoJI0JIbHOM JeopMallui Ha3bIBAIOT Ko3gduyuenmom Ilyac-
coHa ¥ 0003HAYAIOT |:

_&
-

Koaddumment ITyaccoHa, Tak e KaK ¥ MOAYJIb yIIipyrocTu E, xa-
pakTepu3yeT Gu3MUEeCKKe CBOMCTBAa MaTeprala; ero 3HaYeHNe Koyeo-
JieTcs i craieii B mpegenax ot 0,25 no 0,35 (cm. Tabm. 2.1).

2.3. OCHOBHbIe MeXaHU4YeCcKkue xapakTepucTuku
Marepuvanos

MexaHUYecKre CBOICTBA MAaTepUAIOB YCTAHABJIMBAIOT OIBITHBIM
IMyTeM, UCIBITBIBasE 00pa3lbl Ha pacTsKEHME. 3aTeM JuarpaMMmy pac-
TSDKEHUS TIepecTpanuBaloT B KOOpAWHaTax ¢ U €. Kak BuaHo u3 puc. 2.6,
OHa HMMeeT BUJ, aHAJIOTWYHBINM AuarpaMMme B KoopauHatax F, Al (cM.
puc. 2.4), Ho 3Ta KpUBas OyIeT XapaKTepu30BaTb CBOICTBAa HE 00pa3-
a, a Marepyaia. OTMETHUM Ha 3TOM JUarpaMMe XapaKTE€pHBI€ TOUKH.

HaubGonpiliee 3HaueHUE HANPSLKEHMSI, 10 KOTOPOro MaTepual clie-
nyeT 3akoHy I'yka, Ha3bIBaeTcsl npedeiom nponopUUOHANbHOCMU Cy,.

Yropyrue cBOHCTBAa MaTepuajia COXpPaHSIIOTCS A0 3HAYCHUM Harmpsi-
>KEHMs, Ha3bIBAEMOTO TPENEJIOM YIIPYrocTH o. Ilon npedenom ynpyeoc-
mu MIOHUMAaeTCsl TAKOe Haubosiblliee 3HaYeHUE HAIpPsSDKEHUsI, 10 KOTO-
poro Marepuajl He IOJy4aeT OCTaTOYHBIX AedOopMaLvid.

Ha npaktuke npenena NponopuvMOHAJIBHOCTU U IIpeles YIPYroCTH

TPYAHO MOJJAIOTCS 3aMEpPY, II03TOMY

3HA4YECHUsI Oy U Gy B CTIPAaBOYHBIC NaH-

HBIE IT0 CBOIICTBaM MaTE€pHUAJIOB OObIY-

HO HE BKJIIOYAIOTCS.

Bonee onpeneneHHOI XapakTepu-
CTUKOM SBJISIETCS MpEIes TEKY4eCTH
o,. ITon npedesom mexyvwecmu noHu-
MAaeTCs TAaKOE 3HAYCHUE HAIIPSDKEHUS,
NP KOTOPOM POCT AeOopMalIuH Ipo-

= MCXOOMT 6€3 3aMETHOIO YBEIMYEHUS
5 Harpy3ku. B Tex ciyyasix, Koraa Ha
JUarpaMMe OTCYTCTBYET SIBHO BbIpa-

Puc. 2.6 XEHHas IUIollaaKa TEKYy4YeCcTH, 3a

Orp
On
Opp

QS
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Mpene TEeKy4yeCTH YCIOBHO IMPHHMMAIOT TaKOe 3HAaYeHHWe HampsoKe-
HUs1, IPY KOTOPOM ocTaToyHast nedpopMartus cocrapisieT 0,2 %. B atom
CITy4ae ycao6Hbiii npeden mexywecmu 6yneT 0603HauaThCs YEPE3 Oy . Ecm
HEOOXOIUMO OTJIMYMTD Ipeaesl TEKY4eCTH IPU PacTSDKEHUH OT Ipejie-
Jla TEeKy4yeCTU INPU CXKAaTUHU, TO B 0003HaAU€HHE BBOITUTCS IOTIOJIHH-
TEJIbHBIN MHAEKC «P» WIH «CX» (Orp U Oy k). [Ipenen TexyuecTu Jerko
OIpenesieTCs] SKCIEPUMEHTAIBHO, ITO3TOMY OH SIBJISIETCSI OMHOM W3
OCHOBHBIX MEXaHMYECKUX XapaKTEPUCTHK MaTepyaa.

OTHollIEHNe MAKCUMAIBHOM CWIBI, KOTOPYIO CIIOCOOEH BBIAEPXATh
obOpa3sell, K ero HayaJbHOM IUIOLIAIH ITOIEPEYHOro0 CeYEeHMsT Ha3bIBa-
€TCSl npedeaoM npouHOCMU, VIN 8DEMEHHbIM CONPOMUBAEHUEM PA3PbieY —
Opp (CHCAMUIO — Gy y). CIENYET 3aMETUTD, YTO Gy, HE SIBJIAETCS TEM
3HAYeHHWEM HaIpsDKeHHUsI, TIPH KOTOPOM pa3spyluaeTcs oopasen. Pak-
TUYECKOE HampsDKEHHE, IPU KOTOPOM oGpasel] pa3pyluaercs, Oymer
0oJIbllIe, TaK KaK IUIOLAAb MIOTIEPEYHOrO CEYEHHUS B STOT MOMEHT MEHb-
1le NMepBOHAYAJIBHON TUIOLIAAM BCIEACTBUE 00pa3oBaHMs 1EHKU (Ha
JMarpaMMe HaIpsDKEHHe TIOJACYMTHIBAETCS] OTHOCUTENILHO MEePBOHAYAIIb-
HOIA TUTOLA/IM MONIEPEYHOrO CeYeHUs 06pa3ia). 3HaUYEHHUE Oy , IBJISET-
Csl CPaBHUTEILHOM XapaKTePUCTHKOI ITPOYHOCTHHIX CBOMCTB MaTepu-
aJIOB M YaCTO MCIIONB3YeTCs MPU pacyerax.

IIpu McIIBITAHUSAX HA PACTSDKEHME OIMPENEIISIOT €le OMHY XapaKTe-
PUCTUKY MaTepyaia — OTHOCUTENIbHOE YIUTMHEHHE MpU pa3pbiBe & (%).

OmHocumenbHoe yoauneHue npu paspuige TIPENCTaBIsIET cO0O 3Ha-
YyeHHe cpelHeil ocTaToyHOW nedopMmaluM, KoTopas oOpasyercs K
MOMEHTY pa3phiBa Ha ONpeAE/IEHHOM CTaHIAPTHOM JUTHHE obpa3ua. 3a
CTaHAAPTHYIO JUTMHY 00pa3lia IpuHUMaIoT oo /, = 10d, 6o [, = 5d,
rae d — muaMeTp obpasia.

3HayeHHWsT MEXaHNYECKHX XapaKTePHUCTUK Hau0OoJjIee YaCcTO UCIIOJIb-
3yeMbIX MaTepHaJioB MpUBEAECHBI B Ta0. 2.1.

2.4. PacuyeTbl Ha NPOYHOCTb NPU PacTSXEHUN U CXaTUMN

Pa3Mepsbl 5J1eMEHTOB KOHCTPYKLIMM CJIEAYET MOAOUPATh TaK, YTOOBI
obecreyuTh UX MPOYHOCTh B paboTe NP HAaMMEHBIIIEH 3aTpaTe MaTe-
puana. Ha ocHOBaHMM aHaJiM3a KOHCTPYKLIMM BBISIBJISIETCS Ta TOYKA,
rIe BO3HUKAIOT HaWOOJbIINE HAINPSDKEHUS O, HalileHHoe 3Haye-
HME HaIPSDKEHUS COMOCTaBIISIETCS C IOMYCTUMBIM 3HAaY€HHUEM Harpsi-
XEHMS ISl JTaHHOrO0 MaTepuayia U KOHCTPYKIIUH.

Ha ctaguu nmpoeKTUpoBaHUsI KOHCTPYKLIMU 3aJaI0T K03 duuuerm
3anaca n. Ero Ha3HayaloT UCXOnsl U3 KOHKPETHBIX YCIOBUM pabGOTHI
PacCYMTBHIBAEMOI1 KOHCTPYKUMU. B Kaxmoi 001aCTH TEXHUKU YXE CII0-
XWIHCh CBOM TPAaIUIIMM, CBOM TpeOOBaHMS M crelu¢puKa pacyeToB.
Hanpumep, npu nmpoeKTUPOBAaHUM CTPOUTENBHBIX COOPYXEHMI, pac-
CYMUTAHHBIX Ha NOJIME CPOKM 3KCIUTyaTallMu, KoadduimeHT 3amaca
MPUHUMAIOT HOBOJIBHO GoMbIIUM (n, = 2...5). UHAEKC «B» yKa3bIBaeT
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Ha TO, YTO 3arac BHIYMCIISIOT OT Npefena IIPOYHOCTH 6,. B aBnaunoH-
HOI TEXHMKE, Ille Ha KOHCTPYKIIMIO HAKJIAIbIBAIOTCS OTPaHUYEHUS 110
Macce, Ko3QGHUIMEeHT 3aaca TakKe OIpeaelsieTCs o TIpeaeay mpoy-
HOCTH, HO cocTaBiseT n, = 1,3...2,0.

3HaueHue KoaddulMeHTa 3amaca 3aBUCUT U OT CBOMCTB MaTepHa-
Jna. B ciaydae rutacTuyHOro Matepuaia Ko3agduiMeHT 3anaca 6epercs
oT mpenena tekydect (n, = 1,5...2,0), a Aig XpyIKUX MaTepUaIOB
3aIac pacCYMTHIBAETCSA OT Ipelesia MPOYHOCTH U NMPUHHMAaETCs
n,=2,5..4,0.

HasnauyuB ko3¢ ¢duieHT 3amnaca, IUIsi JTaHHOTO 3JIEMEHTa KOHCT-
DPYKLHM PaCCYUTHIBAIOT donyckaemoe HanpsxceHue

[o]=-n—: WIn [o]=n—:.

BbI6paB JOITyCKa€MO€ HAIIPSXKCHUE, COCTABJIAIOT YCJIIOBHUEC

Onan6 < [G] ’

M3 KOTOPOro onpencsiloT pasMepbl MPOCKTUPYEMOIO JICMEHTA.

IIpumep 2.2.

OrmnpeneauTh QUaMeTphl TIONEPEYHBIX CedeHUit Gpyca (MaTepual — He3a-
KajsieHHas ctaib 30), Harpy>XXeHHOro 1o cxeme, NMPUBEIEHHON Ha puc. 2.3, a.
Cwia F=1000 H.

PeuweHue.

1. CHayasa HeoOXOOMMO MOCTPOUTH 3MIOpbl N ¥ 6. MeToauKa ¥ nmocjeno-
BaTeJIbHOCTh MOCTPOESHUS 3IMIOp MpelcTaBlieHa B mpuMepe 2.1.

2. OnpenensieM ko3¢ duuueHT 3anaca. [10CKoabKy MaTepHall IUIaCTUYHBIH,
npuHUMaeM koadduumeHT 3amnaca n, = 1,5.

3. BoiuncisieM gomyckaeMoe HarnpspkeHue. M3 Ta6i. 2.1 mig ctanu 30 BhI-
THUCBIBAEM Oy, = O cx = 330 H/MM2. TToc/Ie 3TOro MOXHO ONpPENeNUTh JOMyC-
KaeMoe HamnpsDKeHUE MPH PacTsSDKEHUM M CXATHM:

[o], =[o],, = 5= =220 H/mm’.

4. TIpoaHaNTM3MPOBAB AMIOPY HANPSXEHUU (CM. pUC. 2.3, 0), AeslaeM BbI-
BO[, YTO Ha ABYX y4acTKax BO3HMKAET OJUHAKOBOE HAMPSIXEHUE O, qaus = F/S.
ITockonbKy naHHBIN MaTepuan paboTaeT OMMHAKOBO Ha PAcCTSDKEHUE U CXa-
THE, TO MOXHO [UIs JTIOOOT0 U3 3TUX ABYX Y4aCTKOB 3alMCaTh YCIIOBHUE Oy, < [O]:

1000

<220 H/mMm2.

1000

<220

S = 4,55 mm?. 3Hasg, uto S = nr?, onpenensieM r, = 1,2 mm; d; = 2,4 mm. Ha
y4acTke, TOe romanb S, = 2.5, nuamerp d, = 3,4 MM.

5. OmpenensieM AuaMeTpsl Kpymioro o6pyc. M3 HepaBeHcTBa
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2.5. Cpe3s u cmaTHe

Hanpsoxkenus u negopmauuu npu casure (cpese). B moapasn. 2.1 yxe
YIIOMUHAJIOCh, YTO B IIONIEPEYHOM CEYEHUU MOTYT BO3HMKATh KaK HOD-
MajibHBIe G, TaK M KacaTeJbHble T HalpsDKeHUsi. ECIM K KOpOTKOMY
Opycy, XeCTKO 3aJeaHHOMY OIHMM KOHLIOM B cTeHy (puc. 2.7, a),
MepPIEeHANKYJIIPHO €ro OCH IPWIOXMUTE cuiy F, TO B TUTOCKOCTH IO-
MEepeYHBIX CEYeHMIH BO3ZHMKHET BHYTpPEHHsS IonepeyHas cwia Q, a
cJieIoBaTeNIbHO, U KacaTeibHOE HampsokeHue T = /S (puc. 2.7, 6).

IlapannenbHble ceYeHUSI Opyca CIOBMTalOTCSI OTHOCHUTEIBLHO IpYT
JIpyra Tak, YTO BEpXHSisi rpaHb 0Opa3yeT yroJ y ¢ TOPU3OHTAJIbIO. YCTa-
HOBJIEHO, YTO KacaTeJbHOE HaIpsKeHME T MPSIMO MPONOPHUOHAIEHO
yenoeou deghopmayuu .

=Gy,

roe G — MOIYNIb YIIPYTOCTH IIPH CIBUTE.

DTa 3aBUCUMOCTD BhIpaxXaeT 3akoH [yka dasn cdeuea. SIBnenue cpesa
MOXHO HaOJII0AaTh, €CJIM CTAJIBHYIO II0JIOCY WIM OyMary Iepepe3aTh
HOXHULIAMH WIM, HalIpUMeEp, K KIIETIAHOMY COeIMHEHMIO MPIJIOXEHA
cuia, O60JIbIas, YeM Ta, Ha KOTOPYIO JaHHOE COeTUHEHME 6bLTO pac-
cyutaHo. Ha puc. 2.8 moka3zaHo, 4YTO IMpWIOXeHHbIE CWIb F BHI3bIBa-
10T Je()OPMALIMIO CIBUTA, ¥ IO UX AEHCTBUEM MOXET IIPOU30MTH Cpe3
3aKjienku. BoT modyeMy COBUT YacTO Ha3bIBAIOT CPE3OM.

N
~

<X/
SN
]
120
|
o
Ktj
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Monynbs ynpyrocTu Npy CABUTE 3aBHUCHUT OT MOIYNSL YIIPYTOCTH
I pona E:

E
O m

Eciu usBectHsl E ¥ [, TO MOLY/Ib YIIPYTOCTH TPH CIBUIE MOXHO
onpeneautb. Hanpumep, mis cramm 30 E = 2-10° H/mm2, p = 0,3,
CJIEI0BATENBHO,

2 N 105 5
=—————=0,77-10° H/mm2.
2-(1+0,3)

IToguepkHeM, YTO COBUT — 3TO HAIpSLKEHHOE cocTostHue. Eciu
BO3HMKILKE MpU cABUTE AeopMallii HaXOASITCS B Ipenesiax yIpyro-
CTH, TO IOCJI€ CHSITUSI Harpy3KH pasMephl U ¢opMa IeTald BOCCTaHAB-
nuBatorcs. Eciy e IpeBhillIeH Mpeaen YIpyrocTd, TO HabmoaawTcs
mactuyeckue nedopManuu. [locie CHATHS Harpy3K OCTaeTCsl Hame-
yeHHoe MecTo cpe3a. [1o JocTXeHUH NpeaeIbHbIX HAMPSIXKEHUM Mpo-
HU30MAET cpes.

IIpumep 2.3.

IIpoBepUTh MPOYHOCTD 3aKJIENOK (CM. pHC. 2.8), €CIIH IOIyCKaeMOoe Hampsi-
XeHue Tpu cpese [t]., = 100 H/MM?.

PeweHue.

1. OnpenenseM ¢pakTHYECKOE KacaTeIbHOE HaIPsXEHHE, BOZHMKAIOLIIEE B
MOTIEPEYHBIX CEYEHUSIX 3aKIIENIOK MO AeHCTBUEM 3aaHHbIX CWI. TTOCKONIBKY
YUCJIO 3aKJIETIOK / = 2 Y OHU CPE3aI0TCs MO OAHOM TUIOCKOCTH (YUCIIO TLTOCKO-
creii cpe3a k= 1), To

F F 50 000

S - ~79,6 H/mm?.
Y =S =@ A TS

2. OcyuiecTBisieM MPOBEPKY MPOYHOCTH 3aKJIENIOK: (DaKTHYECKOE KacaTellb-
HO€ HaNpsDKeHHE B MONEPEYHOM CEYEHHMH 3aKJIENMKH JOJDKHO OBITh MEHbILE
(WM paBHO) JOIMYCKAEMOro KacaTeJIbHOrO HampsiKeHHs Ha cpe3. JleicTBu-
TeapHO, 79,6 < 100.

CrnenoBaTenbHO, 3aKienku nox aeiictBueM F = 50 kH He cpexyTcs.

Cmarue. [Ipu cxaTuu ABYX TeJl BOSHUKAET ONMACHOCTh CMSTHUST KOH-
TaKTHPYIOLIMX MoBepXxHocTei. HanpsikeHue, Bo3HHKaOIlEe HAa 3THUX
MTOBEPXHOCTSX, Ha3bIBAETCS Hanpsaxcenuem cmamus. CMITHE BO3HHKA-
€T, HallpuMep, B KJIETIAHbIX U OONTOBBIX coenMHeHUsX. HanpsoxeHue
CMSTHS OIIPENEIISIOT 10 opmyIie

Ocm = F, / ScMs
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rae F — cwia, ¢ KOTOpOi COaBIMBAIOTCS KOHTAKTUPYIOLIWE ITOBEPX-
HOCTH; S, — IUIOIIAgb CMSTHSI.

Ecnu moBepXHOCTb CMATHS SIBJISIETCSI KPUBOJIMHEHHOM, TO IUTOLIAb
CMSITHUSI TAKOW MOBEPXHOCTH BBIYMCIISAETCS KaK IUIOLAAb IIPOEKIIUHA STOM
MOBEPXHOCTH Ha IUIOCKOCTB, MEPINEHIUKYISIPHYIO JTMHUM OCHCTBUS
CMHUHAIOLIEHN CWIBI.

IIpumep 2.4.

IpoBepUTb MPOYHOCTD KIEMAHOrO COEANHEHMS (CM. PHC. 2.8), eciH [t], =
= 100 H/MM?; [0].y = 240 H/MM2; [o], = 140 H/mMm2

Pewenue.

1. IIpoBepsieM MPOYHOCTDH 3aKJIETIKU Ha cpe3 (METOOUKaA pacyera IpuBele-
Ha B mpumepe 2.3).

2. [IpoBepsieM Ha CMSTHE CTEHKH OTBEPCTUI B COEAMHSIEMBIX JIMCTaX

OpakreM = a7 = 3 7n An = 125 H/MMz.

ITonyyeHHOe 3HaYeHHE (AKTMYECKOTO HAMPSDKEHUS] CMSTHSL MEHbILIE 10~
MyCKaeMOTO, TaK KaK MO YCJIOBHIO [Oly, = 240 H/MM?2. CiemoBarenbHO, CMs-
THSI CTEHOK OTBEPCTHiA He MPOU30MIET.

3. IpoBepsieM MPOYHOCTH JIUCTOB Ha pacTsKeHHE Mo hopMyJie

Gd)al('r.p = F/S < [G]p .

Jlnsa onpenesieHMs1 OMAaCHOTO CEYEHHsI B CIIOXHBIX CJIydyasix OOBIYHO CTpO-
ATCA 3MIOpHI NV, a 3aTeM 6. B JaHHOM city4ae 3amaya 6osiee rpocrtas. SIcHO, YTo
OIMacCHbIM cedyeHHeM siBisieTcs: ceueHue A— A. [nowans nomnepevyHoro ceye-
HMA Kaxgoro aucta S = 10- (120 — 2-20) = 800 MM?, a aKTMYECKOE HAIMps-
XeHue

50 000

Ogaxrp = W =633 H/MMZ,

YTO MEHbIlle Jomnyckaemoro: 63,3 < 140.
CnemoBaTeIbHO, MOXHO CUMTATh, YTO MPOYHOCTh KJIEMTAHOTO COeTUHEHHS
JOCTaTOYHa.

2.6. KpyyeHue

1100 kpyuenuem MOHUMAETCS TAKOM BUJ HATPYKEHUSI, IPU KOTOPOM
B NMOMEPEYHBIX CEYEHHUSIX BO3HUKAET TOJIBKO KpYTsluii MOMeHT. [Ipo-
Yyie BHYTPEHHHE CIUIOBBIE (haKTOPBI (HOPMAIbHAS U ITONIEPEYHBIE CHJIBI,
H3rHOalolIe MOMEHTHI) paBHH HyJ0. PacCMOTpUM KpydyeHHe KpyT-
Jioro Opyca (puc. 2.9). K xpyriiomy O6pycy, XXKeCcTKo 3a1eJIJaHHOMY B CTEH-
Ky, Ha CBOOOIHOM TOpIIE NMPIIOXEH CKpyYUBalolnii MOMEHT M. B pe-
3yJIbTaTe 3TOro Opyc medopMHpPYeTCs: CMEXHbIE CEYeHUs ITOBOpavM-
BalOTCSI OTHOCHUTEJIbHO APYT Ipyra, obpasyiomass OB uckpupisieTcst U
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3aHuMaet noynoxenue OC. I1pu pac-
/ ! CMOTPEHHUH Kpy4eHHSsI IPUHUMAIOT-
cs clenyrolue OOITylUeHUs U Ipa-
BIUIA:
0( 4 — V4 B och Opyca He neopMUpyeTcs;
Ci MoTnepeYHble CeYeHHUsI, TUTOCKHE
l no nedopmaiuu, rmnocie aedopma-
M LIMM TaKXe OCTAIOTCS TUIOCKMMU;
A MPOAOJIbHbIE BOJIOKHA HE M3MeE-

3 HSIIOT CBO€# IUTMHBI (YTOJ1 Y HACTOJIb-
"’5@ KO MaJjl, YTO U3MEHEHHUEM JJIUHBI
U MOXHO TpeHeOpeyb);
paguycChl ¥ MONIEPEYHBIX CEUECHUH
Puc. 2.9 OCTalOTCSl IPSAMBIMM Toce aedop-
MalM4, IOBOPAaYMBasiChb HA HEKOTO-
pHIiA yrONI o,

IUIS. KPYTSLIMX MOMEHTOB IPUHSATO CJIEAYyIOllee MPaBIWIO 3HAKOB:
€CJIM HaOmoaaTesib CMOTPUT Ha IONepeyHOe Ce4eHHE CO CTOPOHBI BHEIII-
HE HOPMa¥ ¥ BUIUT BHYTPEHHUH KpYTALIMA MOMEHT M,, Halpas-
JICHHBIM IIPOTUB XO[la YaCOBOM CTPEJIKM, TO MOMEHT CUUTAETCS MOJIO-
KUTEJIbHBIM.

IIpu KpyyeHHH B MONEPEYHOM CEYEHHH Opyca BO3HMKAIOT Kdacd-
menbHble Hanpaxcenus (vucmolli cogue).

CylIecTBYIOT MOHATHS yTJIa 3aKPYYUBAaHHS @ U OTHOCHUTEJBHOTO
yIja 3aKpyuMBaHUs 0, KOTOPbIE CBSI3bIBAET CJAEAYIOIAsl 3aBUCUMOCTbD:

0 =9/l

KacarenbHbie HaIIps2KECHUA T IIPpU KPYUYCHHH pacnipeacsII0TCA B CE-
YEHUMU 10 JIMHEHHOM 3aBUCMMOCTH: B LIECHTPE OHM PaBHBI HYJIO, a Ha
MaKCUMAJIbBHOM paanuyCe MNMONnEpeyYHOro CEYCHUs1s — MaAKCHMaAJIbHOMY
S3HAYCHUIO Tpnay, 10 KOTOPOMY BEACTCA pACUceT. 3HayeHME KacaTeJIbHOTO
HaIps2KE€HUA 3aBUCUT OT BHYTPEHHETO KPYTALLETO MOMCHTA U TCOMET-
PUYECKON XapaKTepUCTHUKHU IMOIIEPEYHOI'0 CECUYCHUS:

h

Tnax = Kp/ U4

rae W, — noaapuuiii momenm conpomuenenus, KOTOPBIi 1151 CIUIOLIHO-
ro nonepequro ceyeHust muametpoM D paBeH W, =0,2D3; wist Komb-
1IeBOro ceyeHust (moublit Ban) — W, =0 2D3(1 d“/D“) 3nech d —
BHYTPEHHHUIA TUaMeTp (IUaMeTp OTBepcmx), — BHEIIHUIA JUAMETP
Baja. [TokaxeM, YTO BaJIbl CIUVIOLIHOTO OMEPEYHOTO CEYEHUS UCITOJTb-
30BaTh HE9KOHOMMYHO.

IIpamep 2.5.
Ban nepenaer Moment M = 10000 H - M. TpeGyeTcs nmono6path pa3Mephl
MONEPEYHOro CeYeHHUsl Bajla AJiS CJIy4YyaeB: a) CIUIOLIHOTO KPYTrOBOTO CEYEHHS;
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6) xpyroBsoro cedeHus ¢ orsepctueM d = (7/8)D, rne D — nuaMmeTp Baja.
CpaBHUTBL 00a ceyeHMsI MO pacxody MeTaia. JlomyckaemMoe HampsKeHUe
[t] = 6000 H/cMm2.

PewmeHue.

1. OnpenensieM TpeGyeMblit MOMEHT CONTPOTUBJIEHUS /11 000MX IMomnepey-
HBIX CEYECHMIA:

w - My 10000100
p = =

[1] 6000
2. OHDCJICJ'IHCM JAUAMETP BaJia 11 CIUIOIIHOIO CECYCHMUA!

- % ~835cM’; D =942 oM.

=167 c™m>.

D3

b

3. Ol'IpCIleJ'[ﬂCM JUaMeTp BaJia AJisd TOJIOTO IMOMEPEYHOro CEYCHHUA:

D 167

= ___-2048cm%; D=127 cm.
0,21-(7/8)']
4. OnpenenaeM pacxon MeTauia. Jlist 3TOro BbIYMCIMM TUIOLIAIM HoTepey-
HBIX CEYEHHUI CIUIOLIHOrO M IMOJIOrO BaJIOB:
JJis1 CIUIOUIHOIO Bajia

2
- S=%=69,69 cM?;

JUIsT TIOJIOrO Bajia

TTockoBbKY pacxol MeTajlia GyaeT MpONopLUHOHAEH IUIOIIAAH Morepey-
HOTO CeYeHHMs, TO IOJIOE CeYyeHHUe SIBJIsAeTCS 0ojiee 3KOHOMMYHBIM M B HaH-
HOM cJiydae naet Gojiee YeM ABYKpPaTHOEe CHUXKEHUE MacChl Bajia.

ITocTpoenne 3miop. [Ipu Kpy4eHUH, KaK ¥ TIPH PaCTSDKEHUU, CTPO-
AT SIMIOPBl BHYTPEHHMX CIUIOBBIX (haKTOPOB (KPYTSAILIMX MOMEHTOB),
HaNPSDKEHUH (Tpg) U NMepeMELleHU (YTJIOB 3aKpyYUBaHUS ©).

[ToctpoeHue smopu M, Bcio muHy 6pyca (puc. 2.10) paso-
ObeM Ha TpM yyacTka. Ha smiope BHYTPEHHUX CWIOBBIX ()aKTOpOB B
CeYeHHsX, IIe INMPIWIOXKEeHbl BHEIIHWE CWIBbI, OYIYyT CKayKd, PaBHbIE
MPUJIOXEHHBIM Harpy3kaM (B JaHHOM CJIy4ae — BHELIHUM CKpy4YHBa-
IOIIMM MOMeHTaM). IIpuMeHsIss MeTO CeYeHHH C yYeTOM IMpaBUiia 3Ha-
KOB JUISl KPYTSILLMX MOMEHTOB, CTpOMM 3Mmopbl M,,. Ha puc. 2.10 mia
M300paxXeHuss BHEIIHUX MOMEHTOB IIPUMEHEHO YCJIIOBHOE 00O3Haye-
HHME B BUIE KPYXKOB: KPYXXOK C TOYKOI 0003HayaeT CUy, Halpas-
JIEHHYIO Ha Habiomarteis, a KPYy>XOK C KPECTHKOM — CHWJIY, HarpaB-
JIEHHYIO OT HaOJomaTeisi.
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G1,6d4 Gad*
Puc. 2.10

ITocTpoeHue 3MIOPH Ty, BCIo WIMHY Opyca pa3douBaeM Ha
YeThIpe YYacCTKa; Ha KaXIOM M3 HUX M, 1 W, COXpaHsIOT IOCTOHHOE
3HayeHHe. 3aTeM MOICTABIIIEM B GOPMYITY Tay = M,/ W, COOTBETCTBY-
fowuue 3HayeHus M, u W

M
Ha yuactke 1 Mg = +M; W, = 0,2 (2d)’ = 1,6d% Tnax = 7053
Ha yyactke Il My, = +M; W, = 0,2d>% 14, = _5;1431_;
10M
Ha yyactke III M,, = +2M; W, = 0,2d%; Tmax = ?1—3

Tak Kak Bce BHYyTpPEHHHE KPYTSIIIIE MOMEHTBI MIMEJIH IOJIOXUTEb-
HBIH 3HaK, TO M KacaTeJIbHbIE HATIPSIKEHUS T,y OYIAYT MOJOXHUTEIBHBI.
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IMMoctpoeHue amwopsl ¢. [Ipexne Bcero HEOGXOAMMO YCTaHO-
BUTb 3aBUCHMOCTb, IIO KOTOPO OyIeM OIpenessaTh YIbl 3aKpyyuBa-
Hus ¢. Ha ocHoBaHuM 3akoHa I'yKa 1S coiBUra 3alMiieM BhIpaXeHHe
IUTSI MAKCHMAJTBHOTO KacaTeJIbHOTO HaIpsKEHHUs B ITOIIEPEYHOM ceve-
HUH KpyrJioro 6pyca:

Trmax = GY.

N3 puc. 2.9 BuAHO, YTO NpM Kpy4yeHHH obpa3ymolas uwinuHipa OB
MMOBOpPAYMBAETCS HA yroj Y M 3aHuMaeT nonoxeHue OC. Ilpu stom
nyra BC paBHa vy/; Disiist Ha onepeYyHoe CeYeHHe 0 CTpesKe A, MOX-
HO 3aIticaTh, 4To Ta Xe ayra BC paBHa ¢r. CienoBaTeIbHO,

¥l = or,

or
OTKyHa y = T .
IMoncraBnsasa HaliieHHOE 3HaYEeHHE Y B 3aKOH r yKa, IMOoJy4YuM

M M
C npyroif CTOPOHBI, T = VKD’ CJIemOBaTeIbHO, WKp = G%r. Bui-

p p
pa3uM OTCroaa yroJ 3aKpydMBaHUA:

Myl
GW,r’

(p:

D
Benmnuuny W,r (win W, — ) Ha3bIBalOT NOAAPHbIM MOMEHMOM UHED-
2

Uuu cevenus U 0603HAYAIOT J,.

Mexny MOMEHTOM COIPOTUBJIEHHS U MOJIIPHEIM MOMEHTOM MHEP-
MM Gpyca KpyIJIoro IoIepeYHoro ceyeHus TuaMeTpoM D CylecTBYET
cjeayooniast 3aBUCUMOCTb:

e/
P pp’
[TonsipHBIE MOMEHT MHEPLIUM IS CILUTOLIHOTO KPYTJIoro 6pyca
J, = 0,1D*,
a 1S TI0JIOTO Kpyrjoro 6pyca

d4
J, =O,1D“[1—F}
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3anuiueM BeIpaXeHHUeE IS YIjIa 3aKpYYMBaHUS ¢ B BUIE

_M,

e
GJ,

¢

IMpoussenenne GJ, Ha3LIBAIOT HECMKOCMbIO nOnepe¥Ho2o bpyca npu
Kpy4eHuu.

HTak, mojyyeHa 3aBUCHUMOCTb, IO KOTOPON MOXHO OIpEAEJISITh
yIJIBl 3aKpy4yHBaHUsA Opyca. OmnpenensiTh Yyrojl 3aKpy4MBaHUs MO 3TOM
¢opMysie MOXHO TOJIBKO MPH YCIOBUM, YTO HA JJIMHE / BCE BXOASIIME
B 3Ty (GOpMysly BeNMYMHBI M, J, 1 G — IOCTOSTHHBIE.

INepexonnM K MOCTPOECHUIO 3MIOPHI YIJIOBLIX NepeMeliieHui. Ban mo
JUTHHE 3IIOpbl pa3dvBaeM Ha 4YeThIpe yyacTka. Tak Xe, KaK U IpH
MOCTPOEHMH 3IIOPHI IIEPEMELLIEHUI TIPH paCTSKEHUM, HAYMHAEM CTPO-
HUTb 3MIOPY OT HEMOABMXKHOIO CEYEHHUSI, T.€. OT XECTKOW 3aJesKU.
B xoHI11e yyactka I yron 3akpyuuBaHusi OyneT

_ MKp[l _ Ml Ml

Gl G-01.2d)* G-1,6-d*

01

B xoHi1ie yyactka Il yron 3akpyyuBaHUs

Mol __ MM _10,6M
NGy 166G 0,168 Gd®

o =

B xoHie yyacrtka I11

Mgl  10,6M1 2MI 30,6 Ml
O =@ + = T 7= yap
GJ Gd 0,1Gd Gd
Ha yyactke 1V yron 3akpydyrBaHus OyoeT paBeH yrily 3aKpy4HMBa-
HUSL @y, TaK KaK Ha 9TOM Yy4acTKe OTCYTCTBYIOT BHYTPEHHHE KpYTsi-
mue MOMeHTH (M., = 0).
BoruyiciieHHBIE YITIOBBIE ITIEpEMEILIEHUS] OTKIIaAbIBAEM Ha 3IIOPE .

2.7. Npsamoit n3rno

I'eomeTpHYecKHe XapaKTEPHCTHKH HONEPEHbIX ceuenuii opyca. I[1pu
pELIEHMH 3a0ay, CBA3AHHBIX C M3rMOOM, BO3HMKAeT HEOOXOXUMOCTh
OIepUPOBaTh HEKOTOPHIMU IreOMETPUYECKUMM XapaKTepUCTUKAMHU I10-
MepPeYHOro CeueHms.

CraTH4YecKHe MOMEHTH cedeHHUA. B monepeyHoM ceve-
HMH 6pyca NMpoU3BOJIbHOM (OPMBI BEIIEIMM 3JIEMEHTAPHYIO ILTOIIAAD
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dS (puc. 2.11) ¥ cBsiXeM ee C CHCTeMOit KoopauHaT Oxy, MOCJE Yero
PacCMOTPHUM MHTETPaIbl

Sy = J'de; sy = jde.

IlepBbiii UHTErpal Ha3bIBAETCS CMAMUYECKUM MOMEHMOM Ce4eHus
OTHOCHUTEJIbHO ocu Ox, a BTOpOif — OTHOCHUTeNbHO ocu Oy. PaccMoT-
pUM, KaK M3MEHSATCS CTaTMYECKUE MOMEHTHI OTHOCUTEIHHO Mapa-
JIEJIbHBIX OCEeH.

Beenem nBe cuctembl KoopauHaT Oix;y; M 0,X;y,, OCH KOTOPBIX
rornapHo napaunenabHbl. [locnenHsis cucreMa cBsizaHa c TesioM. ITycts
paccrosgHue Mexnay ocsMu O,x; U O,x, paBHO b (puc. 2.12), a Mexmy
ocsamu O,y; u O,y, paBHO a.

ITonoxuM, 4yTO TUIOLIAAb CEYEHUS S U CTaTUYECKUE MOMEHTHI OT-
HocuTenabHo oceit O,x; u Oy, 3agaHbl. TpeOyeTcst onpeneIuTb CTaTH-
YeCKHEe MOMEHTBI OTHOCUTENBHO oceit O,x, nu 0,y,. U3 pucyHKa oye-
BUIHO, YTO X; = X — 4, a y, = y; — b. ICKOMBIe cTaTH4ecKre MOMEHTHI
OynyT paBHBI

Syp = f(yl -b)dS; s, = f(xl -a)dS
5 s

S92 = Saq — bS; 5, =5, — as.

CrnepnoBaTebHO, MPY NapajljieIbHOM IepeHOCe OCeil CTaTUYeCKU
MOMEHT MEHSETCS Ha BEJUYMHY, paBHYIO ITPOM3BEAECHHUIO ILIOMIANAN S
Ha pacCTOSTHUE MEXIY HUMHU.

Bcerna MoXxHO (npuyeM eIMHCTBEHHBIM 00pa3oM) moaoopaTrh OCU
TaK, 4To0bI Sy — bS' = 0 u 5, — aS = 0. Torna craTuyecKkre MOMEHTBI
OTHOCUTETIbHO oceit 0,x; U O,y, obpamnialorcs B Hylb. OCbh, OTHOCH-
TEJIbHO KOTOPOI CTaTMYECKHiI MOMEHT paBeH HYJIIO, HA3bIBAETCS YeHN -
DanbHOU, 3 TOYKA MepeceyeHUs LEHTPATbHBIX OCEil HA3bIBACTCS YeHM -
pom maxcecmu ceverus. PacctosiHMe 00 LEHTPaIbHBIX OCeil OT MPOM3-
BOJIBHO B3SITHIX OIpEIeIsIeTCs] 3aBUCUMOCTSIMU

Ye=8a/S; Xc= Syl/S-

CraTu4ecKUif MOMEHT OTHOCHUTEJIBHO BCSIKOM OCH, MPOXOIsIIeH
YEpE3 LHCHTP TAXKECTH, paBE€EH HYJIO.

N »2 ds
X2
Y X £
das \
EN k_ - \ 02 = *2
(0] x X 0, a X1
Puc. 2.11 Puc. 2.12
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Pa3MepHOCTh CTATUYECKMX MOMEHTOB — MUJLUTUMETP B KyGe (MM>).

ITpumep 2.6.

HaiiTi, Ha KaKOM PacCTOSIHMH OT OCHOBAaHHS PACIOJIOXEH LIEHTP TSLKEC-
TH TpeYrojibHUKa (puc. 2.13).

Peumenue.

1. Hayano koopauHaT BbIOMpaeM B NMpPOM3BOJIbHOM Touke O, a och Ox;
COBMe€IIIaeM C OCHOBaHMEM TpEYTOJIbHHKA.

2. BbIlYKCIsieM CTaTUYECKHMIA MOMEHT TPEYTOJIbHMKA OTHOCHUTEIBHO OCH OX;:

Sx1 = Jyl ds.
s
DeMeHTapHas Iuiowanka ds = /dy,. I3 nogo6ust TpeyroJibHUKOB TOJIy4aeM
I= B(H - y))/H.

TakuMm 06pa3oM, CTaTHYECKHIA MOMEHT OTHOCUTENBHO ocu Ox;
H
Sx1 = (B/H)I(H“M)J’ldh = BH’/[6.
0
3. OnpexnensieM pacCTOSIHUE LIEHTPA TSDKECTU AO OCHOBaHMSI TPEYTOJIbHU-

Ka, eCJIM TUIoLanb TPeYroJbHUKa S = BH/2:

_sa _BHY6 _H
Y= T BH)Z 3

IIpumep 2.7.

OrnpeneuTh NONOXEHHE LEHTPa TSKECTH VISl TUTOCKOTO CeYeHMUsI, COCTaB-
JIeHHOTO U3 Tpex duryp (puc. 2.14): wsewiepa Ne 20 (TOCT 8240—89), yron-
xa Ne 10 (TOCT 8509—93) u moJjochl, pa3Mepbl KOTOPO#i MpeacTaBIeHH Ha
YyepTexe.

Pemenue.

1. ITpocTaBnsieM HoMepa HUryp.

2. OcH KOOpAMHAT X; U y; HanpaBJisgieM, KaK YKa3aHO Ha PUCYHKE.

3. OnpexensieM reOMETPUYECKHE XapaKTEPUCTHUKU (PUTYD, BXOASLIMX B CIIOXK-
HOE COCTaBHOE CEYEHME:

a) mBeswiep Ne 20 — moas. 1.

N y
106
3 1
,/
N Yy Yy q
§ - i
AN - S 3 s
- Cé e C 0o
~ I \ x §t a G N
Puc. 2.13 Puc. 2.14
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Hcnons3ys TOCT 8240—89 (cM. IIpwioxenue 3), onpenesisieM reOMeTpH-
YyecKHe XapakTepuCcTUKHU. C y4eToM Toro, 4To ocH B HaileM npumepe u B OCTe
0603HayeHbl Mo-pasHoMY: S = 23,4 cM%; x 1 = 10 eM; Yy = 2,07 cm;

6) yromok Ne 10 — mos. 2.

BouinuceiBaeM 3 T'OCT 8509—93 (cM. IpminoxeHue 1) reoMeTpuyeckKue
XapaKTePUCTUKHU Ui paBHomosouHoro yrogka Ne 10 (100 x 100 x 12) u pac-
CYMTHIBAEM KOOPIMHATHI €ro LIEHTPA TSXKECTH IO OTHOLIEHHUIO K BHIOpaHHOM

cucteMe orcueTa: S, = 22,8 cM?, x; = 10 + (10 = 2,91) = 17,09 cm;
Yiao= —2,91 CM;

B) mojioca — mno3. 3.

OrnpeensieM ee TeOMETPUYECKUE XapaKTEPUCTUKU: S5 = 12-1 = 12 cM?;

Xic3=-0,5cM; y13=-1 cMm.

4. 3anuchiBaeM B TaOJMLy pacCYUTAHHbIE (MM B3SITbiE M3 CTAHIAPTOB)
IUIOLIAAM, KOOPAMUHATBI LIEHTPOB TSKECTEl M CTaTUYECKHE MOMEHTBI ILIOC-
KUX GUTryp, YUUTHIBAsK CieLyloLlee:

CTaTUYECKU MOMEHT Ce4eHHSs i-i UTypBl OTHOCUTENBHO OCH X Syt = V1S,
TI€ Y, c; — KOOpOMHATA LIEHTPA TSKECTU CeYeHMUsl i-i HUrypbl OTHOCUTEIIBHO
OoCH X, a S; — ee IUIOLIaAb;

CTaTUYECKUI MOMEHT Ce4eHUs i-i GUTYpbl OTHOCUTENIBHO OCH Y Siy1 = X1 i),
TIe X;c; — KOOpIMHATa LEHTPAa TSKECTU ceueHUs i-ii GUrypbl OTHOCUTEIBHO
OCH ).

Koopaunara KoopmHara Cratnueckuit | CraTuueckuit
Howmepa | ITnomans LIEHTpa LIEHTpa MOMEHT S. MOMEHT s.
duryp | S, cM? | TEXeCTH Xi, | TAXECTH Yic; x> b
oM oM cM c™M
1 234 10 2,07 48,44 234
2 22,8 17,09 -2,91 -66,4 389,6
3 12,0 -0,5 -1 -12 -6
Xz 58,2 — — -29,96 617,6

5. BoruncisieMm KOOpOWHATBI LHEHTPA TS2KECTH C CIIOXHOTO COCTaBHOI'O Ce-
YCHHUSA:

617,6
58,2

zstyl _ — Zslxl _ -2
Y 3 S 58 2

MoOMEHTH HHEPIHH CeYeHHs PaccMOTpUM TpU MHTerpaia

= [y%dS; J, = [xS; J,, = [xydS,
S A S

=—0 S cMm.

10 6 CM,; Yc =

IJe 4yepe3 X U y 0003HAYECHHBI TEKYIHE KOOPIUHATHI 3JIeMEHTAapHOM
rromanku d.S (cM. puc. 2.11) B IpOM3BOJILHO B3SITOM CUCTEME KOOPAM-
HaT. IlepBhle IBa MHTETpaja HAa3bIBAIOTCS 0Ce8biMU MOMEHMAMU UHeD-
Luu CeYEHUS COOTBETCTBEHHO OTHOCHUTELHO oceil Ox u Oy, a TpeTuii
HMHTETPAl — YeHMPOOeHCHbIM MOMEHNMOM UHEPYUU CEICHIST OTHOCUTEBHO
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oceit Ox, Oy. OceBble MOMEHTHI BCETIa TOJIOXHUTENBHBI, a IIEHTPOOEX-
HbIi MOMEHT MHEPLIMM MOXET OBITh KaK MOJIOXHUTEIBHBIM, TaK U OT-
pHULIaTEIbHBIM (B 3aBUCMMOCTH OT PAcCIOJIOKEHMS TUIOIIAneil CedeHUs
OTHOCHUTEJILHO CUCTEMBI oceii 0xYy).

PaccMoTpuM, KaK U3MEHSTCS 3Ha4YeHUST MOMEHTOB MHEPIIUU cede-
HMS TP HapaJUTEIbHOM IepeHoCce OCeEi.

ITosoxuM, 4TO CTaTUYECKHE MOMEHTHI 1 MOMEHTbl MHEPIHUM OT-
HocHUTeJIbHO oceit Ox; u Oy, 3amaHbl. TpeGyeTcst onpeaeTuTh MOMEHTHI
WHEPIUM OTHOCUTEIBHO oceit Ox, n Oy, (cM. puc. 2.12) :

Ja = IyzzdS’ Jy2 = szzdSa Jx2y2 = jx2y2dS
S S N

IMoacraBum BMECTO X, = X; — @ ¥ ¥, = y; — b B TTOOBIHTETPATBHYIO
dbyHKUIUIO:

T2 =[(y -y dS; J,, = j (xi —a) dS; J ey = j (x, —a)(» -b)dS.

ITocsne packpbiTHsi CKOOOK TMOJIy4aeM

Jo=Jg - 2bsxl + b2S, Jy2 = Jy] - 2asy| + aZS;

Jx2y2 = Jxlyl = asy) — bsyl + abs.

Ecnu xe ocu x; ¥ y; — LEHTPaIbHBIE, TO §,; U S, PaBHBI HYJIO.
B 3TOM Ciydyae mojiyyeHHbIE 3aBUCUMOCTH YIIPOIIIAIOTCS:

sz = Jxl + bZS, Jy2 = Jyl + GZS; szyz = Jxlyl+ abs.

Crenyer 3alIOMHHUTb, YTO NPU Nepexofie OT LeHTPanbHbIX 0Cel K He-
LEHTPasbHbIM OCEBbLIE MOMEHTbI MHEPLMN YBENNYMBAIOTCS Y1 BENNUUHBI b2S
1 @25 HYXHO K MOMEHTaM UHEePLMM NPUBaBnaTk, B NPOTUBOMNOAOXHOM CAy-
yae — BblYNTATb.

IIpu omnpeneneHNH HEHTPOOEXHBIX MOMEHTOB MHEPLIMU CIIEQYET YUu-
THIBaThb 3HAK BEJIMYMH a U b. OIHAKO MpPM MapaUleJIbHOM IepeHOoce
oceif MOXHO yCTaAHOBUTB, B KaKyl0 CTOPOHY MeHsietcs J,,. Tlnomanu
ceyeHus1, Haxonsmecs B 1 u 111 kBagpaHTax cucTeM KOOpAMHAT, HAIOT
HOJIOXUTEJIbHOE 3HAYeHMEe IIEHTPOOEXXHOT0 MOMEHTA, a HaXOIsIH1ecs
Bo II u IV xBagpanTax — otpuuarenpHoe. [losToMy npu mepeHoce
oceil clieqyeT yCTaHOBUTD, B KAKMX KBaJpaHTaX VIO CEYeHUS yBe-
nuuuBalorcsa. Hampumep, eciiv npu mepexoae OT LEHTPATbHBIX Oocel
BO3pacTaeT IUIOIIalbh BO BTOPOM KBaJpaHTe, TO LIEHTPOOEXHBIN MO-
MEHT MHEPLMH YMEHBIIIAETCs; CIeI0BaTeIbHO, Mpou3BeaeHe abs u3
LIEHTPAJIbHOTO LIEHTPOOEXKHOTO MOMEHTA HY>KHO BBIYECTD.

Pa3MepHOCTH MOMEHTOB MHEPLIMM — MIWLUIMMETP B YETBEPTOI CTe-
e’ (Mm*).
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Ipumep 2.8.

HaiiT MOMEHT HHEepLIMM TPeYyToJIbHUKA (CM. pHC. 2.13) OTHOCUTEIBHO OC-
HOBaHMSI M1 OTHOCUTEJIBHO LIEHTPAIbHOM OCH, MapajlieIbHO# OCHOBAHHUIO.

PeweHnmue.

1. BoiyuciasieM MOMEHT UHEPLUUMU OTHOCUTENIBHO ocH Ox:

H
Ja =IdeS= J.ylzld)ﬁ-
s 0

N3 nonobus TpeyroabHUKOB uMeeM [ = B(H — y,)/H. TlonctaBuM 3TO BbI-
paXeHHe B MOIBIHTETPAJIbHYIO QYHKLIHIO:

H
Jo =(B/H) [ (H -y ) yidy,
0

oTKyna
J, = BH3/12.

2. OnpenensieM MOMEHT UHEPLIUUA OTHOCUTENIbHO LIEHTPAJIBHON OCH.

Kak cka3aHo ObUIO BBILLE, LIEHTPAJIIbHBIII MOMEHT UHEPLIMU BCETAa MEHb-
116 MOMEHTa MHEPLIMM OTHOCHMTEJBHO APYTUX MapaulejbHbIX, HO HE LEHT-
panbHBbIX oceil. CienoBaTesibHO, YTOObI HAWTU LIEHTPATbHBIH MOMEHT UHED-
IIMM OTHOCHUTEJILHO OCHU X, HYXHO BHIYECTb b%S u3 J,,. B aTOM Ciyuae

Je=Jy — (H/3)’S

J.= BH*/36.

FnaBHBIEe OCH M rIaBHBIE MOMEHTH HMHepuuu. OcH,
OTHOCHMTEJILHO KOTOPBIX LIEHTPOOEXHBI MOMEHT WHEPLIMK OOpalaer-
CA B HyJlb, @ OCEBHIE MOMEHTHI NMPUHHUMAIOT 3KCTpEMaJIbHbIE 3Haye-
HHsI, Ha3bIBAIOTCS 21a68HbIMU, @ OCEBbIE MOMEHTHl MHEPLUUU OTHOCHU-
TEJILHO TNIaBHBIX OCEMl HA3BIBAIOTCS 21A6HbIMU MOMEHMAMU UHEPUUU.

Eciu raBHbIE OCH SIBJISIIOTCS LIEHTPAJTbHBIMU, TO OHM Ha3bIBAIOTCS
21A6HbIMU UEHMPAAbHbIMU OCAMU, 3 MOMEHTH MUHEPLIMH — 21d8HbIMU
UEeHMPAaAbHbIMU MOMEHMAMU UHEPUUU.

Ecnu ceyenue MMeeT OCb CUMMETPUH (HAampUMep, KpYT, MpSMO-
YTOJILHHK), TO 3Ta OCh BCeTna OyIeT IIaBHOM, TaK KaK LEeHTPOOEXHBIH
MOMEHT MHEPLIMH OTHOCHUTEJIbHO Hee paBeH HYJIO (LEeHTPOOEXHBIMA
MOMEHT MHEPLHUHU YaCTH CEYEHMS, PACIIOJIOXEHHOM IO OMHY CTOPOHY
OT OCH CHMMETPHH, paBEH MOMEHTY YaCTH, PACIOJOXEHHOM I0 Ipy-
I'yI0 CTOPOHY, HO C OOpaTHBIM 3HAaKOM).

Ipumep 2.9.

HaiiTu MOMEHT MHEpLMM MPSIMOYTOJIbHUKA OTHOCHTEIbHO OCHOBaHHUS U
LIEHTpaJIbHOM OCH, MapaUIeJbHOM OCHOBaHMIO; pa3Mephbl MPSMOYTojbHUKA
yKaszaHbl Ha puc. 2.15.
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» y PeweHue.

1. IIpoBoauM OCH KOOpAMHAT: Yepe3
LIEHTP TSDKECTH CEYEHHUs — X, y; BOOJb OC-
HOBaHUA M MO NEPNEHAUKYISIPHON K HEMY
CTOPOHE — Xi, Y.

2. BoloensieM 3j1eMEHTapHYIO IUIOLIANKY

x & dS = Bdy,.
o - x 3. OnpenesisieM MOMEHT HHEPLIMU OTHO-
s CHUTEJIbHO OCH X,

H
BH3
= Jx1=J-Y12dS=JJ’1zBdJ’1=T;

5 0

0, B *t
Ja= BH3/3.
Puc. 2.15

4. OnpenensieM UEHTPAIbHBIA MOMEHT
MHEPLIUH OTHOCHUTEJIBHO OCH X.
LleHTpasIbHBIIE MOMEHT UHEPLIUM BCErJa MEHbIlIE MOMEHTOB MHEPLIUU OT-
HOCHTEJIBHO OCH, MapajUleJIbHOM LIEHTPAIbHOM.
CJegoBaTe/bHO,

J ooy _(HY g_BH' BH®_BH’
*TU T2 3 4 12

IIpamoii nonepeunslii H3ru6. ITog M3rMOOM NMOHUMAETCS TaKOM BUIL
HarpyXeHHs1, IIpM KOTOPOM B IOIEPEYHBIX CEYEHUSIX Opyca BO3HHKa-
10T U3rubaioie MOMeHTHI (cM. ronpasn. 2.1). Eciu usrubalommii Mo-
MEHT SIBJISETCS] €EIUHCTBEHHBIM CWIOBBIM (baKTOPOM, a MONEpEYHbIE U
HOpMaJIbHbl€ CWIbl OTCYTCTBYIOT, TO TaKOil M3ru0 Ha3bIBAE€TCS 4UC-
moim.

B GosblIIMHCTBE Ciiy4aeB B MOMEPEYHBIX CEYEHUSIX Opyca Hapsiay C
M3rubarolMMi MOMEHTAaMH BO3HMKAIOT ITONepEeYHbIe CHIIbI, TOTIA U3-
ryu0 Ha3BIBAIOT NONEPeYHbIM.

Ha 6anky MoryT aeiicTBOBaTbh cocpedomouerHbie CUIbI I MOMEHTHI,
a TaKxXe pacnpedeineHHble TIO [UTUHE, HalIpuMep, Ha puc. 2.16 F — co-
CpeIoTOYEHHas cwia; M — cocpefoTOYeHHbIE MOMEHT; Ha y4acTKe a
MPWIOXEHA paclipeieiecHHasi Harpy3ka OT HYJIA A0 Gpay-

AHajiu3 BHYTPEHHMX CHJIOBBIX (ak-
TOPOB HAYMHAETCS C ONpeesieHUs O~

qmax\ ‘ F HOI CHCTEMBI BHEIIHUX CWI. PaccMoT-
PR \h\'\ p PHMM HEKOTODbIE XapaKTepHble NpHMe-
,/ 2 pbl M YCTAaHOBHMM IpaBWIa OIpPEACICHUS
M U3rudaloLMX MOMEHTOB Y NMONEPEYHbIX

= ~ CUIL
Ha puc. 2.17, a moka3aHa npocreii-
Puc. 2.16 111asi IBYXONOpHas 0ajika, Harpy>XeHHast
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a
/
D—D
6 Y y
F
D %5 Z
A ‘ ™ 32z < AL
A L
Ral 2 b Yp b
4}
e MHJI‘
4 0
Ry
2
¢ Mmr F l=a
B
q
a=z; YE
Puc. 2.17

cwioit F. OcBoboxnaeM OalKy OT CBSI3€i U 3aMEHSIEM HUX ACHCTBHE
peakuussMu. Omopa A IpeacTaBIsieT Co00il HEBECOMBII CTepXeHb, T10-
3TOMY peakuusi R, rioitnet Boib Hero. B niapHupe B peakiiuio packia-
IIBIBAEM Ha JBE COCTaBJISIIOLIME. XOTs BbIOOP CUCTEMBI KOOPIMHAT ITPO-
H3BOJIEH, HO B COIPOTHUBJICHUH MAaTEpHaJIOB IPUHATO OCh Z HAINpaB-
JISATh BIOJIb Opyca; OCH X U y JOJDKHBI JIeXaTh B ILIOCKOCTH, TIEPIICHIU-
KYJISIDHOM 3TOM OCH, IPUYEM IOBOPOT OT OCH X K OCH y JIOJIKEH IpO-
HMCXOIUTh IPOTHB XOIa YacOBOM CTPEJIKM, €CIM CMOTPETh C KOHLa
ocH z (puc. 2.17, 6). Hayano orcuera Iis1 oceii pacroyiaraeTcsi B IEHTPe
TsxkecT C ITONEepeYHOro ceueHus. B aToM ciryyae ocu x ¥ y OyayT rjiaB-
HBIMH LIEHTPAJILHBIMHM OCSIMH TTOTIEPEYHOTO CEYCHUSI.

CocTaBUM ypaBHEHUsI pPaBHOBECHS LISl TUIOCKON CHCTEMBI CHJI M
oIpeneIuM HEM3BECTHbIE peaKUWHU cBsideil. Heu3BeCTHBIX BETUYUH
™o — Ry, Y5, Zz. YpaBHEHUIl CTaTUKM TOXE TPHU, CJIENOBATEJbHO,
3aa4a CTATUYECKH OMpeaeTuMast:

Y F,=0; +R4—F+Yp =0;
ZEZ =0, +ZB =0,
87



Y momy(F)=0; —-R,/+F(I-a)=0.
OTclona HaxXOAUM peakLH OIop:
Zp=0;
Ry =F(I-a)/l;
Yp = Fa/l.

Terneps MPUCTYIIUM K BBISIBJIEHUIO BHYTPEHHUX CWJIOBBIX (haKTOPOB
B ITONIEPEYHBIX CeYeHHUAX Opyca. [1s1 3TOro MeXmy TOYKaMH IIPIIOXe-
HUSI BHEIIHUX CUJI U MOMEHTOB, TIPUMEHSISI METOJ CEYEHU, MBICIICH-
HO pa3pe3aioT 6aiKy Ha yactu (puc. 2.17, é u 2.17, 2) ¥ COCTaBJISIIOT
YpaBHEHHUS PaBHOBECHSI CWIOBBIX ()aKTOPOB, NMPWIOXEHHBIX K OTCE-
YeHHBIM YacTsM. Tak, B KOHKPETHOM INpUMeEpe HEOOXOOUMO IejiaTh
CeuyeHMs JBaX/Ibl: Ha PaCCTOSTHUM Z; U 2, OT JieBoit onopkl. Ha puc. 2.17, ¢
MoKa3aHo ceuyeHHe Opyca Ha pacCTOSIHMU Z; OT JIEBOM OMOpHI, Ha KO-
TOPOM TIPOCTaBJIEeHbl BHYTPEHHHE CIJIOBBIE (haKTOPBI: M3rMOAIOMIMit
MOMEHT M,,,. v roniepeuHast cwia Q. Crneayer oOpaTUTh BHUIMaHHE Ha
TO, YTOOBI BHYTPEHHHUE CWJIOBBIE (DAKTOPHI B TOIEPEYHOM CEUYEHHU
JIEBOH U IpaBoif 4acTsax (CM. puc. 2.17, &) 6butH 06s13aTeIbHO ITPOTHBO-
MIOJIOXHBI IO HAIPaBJIEHUIO.

Kak n3BecTHO, BHYTpEHHHUE CIIOBBIE (DaKTOPHI ONpPENENISIIOTCS U3
ypaBHEHU paBHOBECHS CWJI, IPWIOXEHHBIX K OTCEYEHHBIM YacCTSIM.
CnenyeTr yCIOBUTBECS O 3HaKaX MOMEPEYHBIX CIJI U MOMEHTOB.

Cy1iecTByeT HECKOJIBKO CIIOCOOOB OMNpenesieHus] 3HaKa M3rudaroo-
IETO MOMEHTa B TONEPEYHOM CEUYEHHH.

1. ITo 3HaKy KpHBHM3HHI U30THYTOro 6pyca (puc. 2.18, a). OueBHUIHO,
3HaK OyIeT 3aBUCETh OT BHIOpaHHOM CUCTEMBI KOOpauHatT. Eciiu ock y
HaIlpaBUTh B ITPOTHBOIIOJIOXHYIO CTOPOHY, TO 3HaKH M,,,. H3MEHSITCS
Ha TPOTUBOIIOJIOXHBIE.

2. Yaie Bcero npu MOoCTPOEHUH 3ITIOP U3TMOAIOIIMX MOMEHTOB 3HaK
MOMEHTa He 3aBHCHUT OT BBIODAaHHOW CHCTEMBI OTCUETa, a OpAWHATa

y
(\ OpauHata
BBEDX
&) (\_/‘v
/;3\
e Copmman)
BHM3
0 F
a 6
Puc. 2.18
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OTKJIAIbIBAE€TCS. HA CXKATOM BOJIOKHE, T.€. B CTOPOHY BOTHYTOCTH M30-
rHyTol ocu 6pyca (puc. 2.18, 6).

3. Eciu TpynHO MpeacTaBUTh, KaK OyIeT BHIIISIAETh U30THYTasl OCh
6pyca, TO COCTaBJISIIOT CYMMY MOMEHTOB Harpy3ok, JeMCTBYIOIIMX Ha
JIEBYIO OTCEYEHHYIO YacThb Opyca. Ecnv paBHOAENCTBYIOLLIMI MOMEHT BCEX
Harpy3ok, AeACTBYIOWMX Ha NIeBYI0 4acTb, 6yaeT HanpaBneH No 4YacoBOW
ctpenke (cM. puc. 2.17, 8), To opavHaTta narmbaioLwero MoMeHTa oTk/ia-
AblBaeTcs Ha anope BBepx (T. €. U3rudarolit MOMEHT M,,,. B IIOIepey-
HOM CeYeHMH JEeHCTBYET IIPOTUB YaCOBOM CTPEJIKHU U, CJIeH0BaTENbHO,
Opyc U3rudaeTcsi BOrHYTOCThIO BBEPX — OpIMHATa OyAeT OTI0XeHa Ha
CXXaTOM BOJIOKHE). Ecnu Xxe cymma MOMEHTOB, A€ACTBYIOWNX CNesa oT
ceyeHuns, HanpasneHa NPOTMB YACOBOW CTPENKN, TO M3rnGatoLmii MOMEHT
oTknaasisaeTca BHu3 (cM. puc. 2.18, 6).

Hns cwn, JexaluMx cCIipaBa OT CeYeHMsI, MMeeT MECTO OoOpaTHas
3aBUCHUMOCTb.

IIpaBuno ompeneneHus 3Haka ISl ITOMEPEYHBIX CUJI. €CNU PaBHO-
OENCTBYIOLLAA BHELLHWX CUA, IEXALLMX MO NIEBYI0 CTOPOHY OT CE4YEHs, Ha-
npasneHa BBepx, TO NonepeyHas cuna B CeYEHUN CHNTABTCH NONOXUTENb-
Hot (cM. puc. 2.17, 6), a ecnv BHU3, TO NonepeyHas cuna otTpuuartenbHa.

B ceyeHuy Ha pacCTOSSHUM Z; OT Hayajla KOOpPAMHAT (T.€. B JIEBOM
yacTu Opyca oT cedeHus1, CM. puc. 2.17, ¢) monepeyHas cwia Q UMeeT
TOJIOXUTENbHBIN 3HAK M Ha 3IMIope OymeT oTKIaabiBaThCcsl BBepX. [1pu
paccMOTpEHUH paBHOBECHS MPABOM OTCEYEHHOM 4acTH IS CUJI, Jie-
KallMX CIpaBa OT CEYEHMsI, UMEET MECTO 0OpaTHasi 3aBUCUMOCTh. YTo-
OBl Jierye yCBOUTH IIpaBUJia OINpEACSIEHUs 3HAKOB, XeJaTeJbHO pac-
CMaTpuBaTh paBHOBECHE, HAIlpUMep, BCETaa JIeBOi YacTH Opyca.

JduddepenuuaibHas 3aBUCHMOCTb MEXK/Y H3rHOAIOUMM MOMEHTOM,
nonepevHoil CWIOH U HHTEHCHBHOCTBIO pacnpene/ieHHoi narpy3ku. Ilpa-
BWIBHOCTD BBIOOpA 3HAKOB IOIEPEYHBIX CUJT MOXHO IIPOBEPUTD, 3Has
nuddepeHIIMATbHYIO 3aBUCUMOCTb MEXIY M3ri0aloliiM MOMEHTOM U
MONEePEeYHOM CUJIOM.

ITycTs 6pyc, 3aKperUieHHbIH TPOM3BOJBHBIM 00pa3oM, HarpyxeH B
o011IeM cllyyae pacrpeaesieHHOM Harpy3kod MHTEHCUBHOCTH ¢ = f(Z)
Y HAXOOUTCS B paBHOBeCUH (pHc. 2.19, a). 3agaHHOe HanpaBJIeHUE s
g — THOJIOXUTEJbHOEe. BrinenM 13 6pyca 37eMeHT IUTMHOM dZ U B ceye-
HUSX IPUIIOXUM M3rudaioue MoMeHTel M u M + dM, a Taxke rnomne-
peuHble ciiibl Q U Q + dQ (puc. 2.19, 6). Hanpasinenust misi 3TUX

y
9=Az) 0 g
M] LI
“ ~ C c \\)M+dM
2 dz dz Q+dQ
a 6
Puc. 2.19
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CUJIOBBIX (DaKTOPOB MPHHSTHI MOJIOXHUTEIbHBIMUA. B mpenenax Manoro
oTpe3Ka dz Harpy3Ky ¢ MOXHO CYHTATh paclpeleIeHHON! paBHOMEPHO.
ITockoJbKy BBIpE3aH 3JIEMEHT U3 Opyca, HaXOMSILUETOCs B paBHOBE-
CHH, TO COCTAaBUM YCJIOBHSI PaBHOBECHSI IUTOCKON CUCTEMBI CHJI —
MPUPaBHSEM HYJIIO CyMMY TIPOEKIIUi BCEX CHJT HAa BEPTUKAIBHYIO OCh
U CyMMY MOMEHTOB OTHOCHUTEJILHO TOYKH C:

Q+qdz- Q-dQ=0;
M + Qdz + qdz(dz/2) - M — dM = 0.

IIpou3Boas yrpoleHus ¥ OTOpachiBasi BEJIMUMHY BBICIIETO MOPSA-
Ka MajocTu qdz(dz/2), MoayyuM:

dag _ dM _
7z =g, s =0.

Taxkum 0Opa3oM, nonepedyHas cuna nNpeacTasnseT coboit Npoussoa-
Hyl0 OT uarubatowero MOMeHTa no gMHe 6pyca. MponssogHas ot none-
PPEYHOM CUNbI AeT UHTEHCUBHOCTb BHELLHEN pacnpefeneHHon Harpy3ku g.

M3 nosyyeHHBIX AU PepeHIIHATbHBIX 3aBUCUMOCTEM MOXHO cle-
JIaTh HEKOTOpPbIE€ OOILME BHIBOIBI O XapaKTepe 3IMIOP U3rMOAIOIIHUX MO-
MEHTOB M MOMNEPEYHBIX CUJI IS TIPSIMOro Opyca.

Ecnu 6pyc HarpyeH paBHOMEPHO pacIpeeIeHHON Harpy3Koit UH-
TEHCUBHOCTH ¢ = const, Q OymeT nuHeiHONH GyHKuueH z, a M —
KBaJIpaTUYHOIA.

Ecnu 6pyc HarpyXeH COCpeJOTOYEHHBIMM CHWJIaMU WJIM MOMEHTa-
MH, a B IPOMEXYTKAX MEXIY TOYKaMH UX MPUWIOXEHHUSI MHTECHCBHOCTh
q=0, To Q= const, a M sirmsaercs quHeiHoM byHKiyeii z. B Toukax
MPWIOXEHUS] COCPEIOTOYEHHBIX CHII 3Imopa Q IpeTepIieBaeT CKayoK
Ha BeJIMYMHY BHEILIHE# CWIBI, a B 3MMOpe M BO3ZHHKAET COOTBETCTBYIO-
U U3JI0M (pa3pbiB B IIPOM3BOAHOM).

ITocTpoenne 3mop. [1py IpSIMOM TONEpEYHOM M3rHOE ITOCTPOEHHUE
SMIOP U3TrMOaIoIMX MOMEHTOB U MOMEPEYHBIX CHJI OCYLUECTBIISIETCS B
TaKO# IOCJIEA0BATEIbHOCTH: ONPENEIISIOT PeaKIIMM ONOP; BHISIBJISIIOT B
MOTIEPEYHBIX CeYEHUsIX Opyca Bce BHYTPEHHHE CWIOBBIE (haKTOpHI (MX
3Ha4YeHUE U 3HaK); CTPOSIT 3mopkl. [locTporuM 3mopHl 4151 OaIKu, Mpe-
cTaBJIeHHO# Ha puc. 2.17.

1. OmnpenensieM peakLMu OIOP.

CocraBiisieM ypaBHEHHsI paBHOBECHS IUIOCKOH CHCTEMBI CWJI, U3
KOTOPBIX OmpenensieM peakuuu Ry u Yy

F(l-a) , _Fa
= —" B = —,
I’ /
2. OnpenensieM BHYTpeHHME U3rH0aoNIe MOMEHTHI B IOIE PEYHBIX
ceyeHUsIX 0anku. Is 3Toro paccMaTpuBaeM paBHOBECHE OTCEYEHHOM
JeBoit yactu (cM. puc. 2.17, 6):
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B CEYCHHUH 7
Zmom(l'—]) =0, —Ryq + My, =0;

F(l-a)

My =+Ryz) = zua0<z <a

B CCYCHHUH 2,
Zmom(l?,) = O, _RAZZ + F(Zz _a)+ Mmr = 0;

My =+ Rop-Fp-aymaasp<l

3. OnpenensieM NONEPEYHbIE CUIIBI:
B CEUYEHHH Z;

> F,=0;R-0=0,
orciona Q= R, = F( - a)/I;
B CEYEHHUH 2,
YF,=0,R,-F+Q=0,

orciona Q = %.

4. CTpoHM 3ITIOpHI U3THMOAIOIIHUX MOMEHTOB. Dmiopa M,,,. B Iipeaeax

0 < z; € @ UMeeT JIMHENHYIO 3aBUCUMOCTh. 3agaeM z; = 0, mpu 3TOM
M,.. = 0. OTknagpiBaeM 3Ty TOYKY Ha 3miope (puc. 2.20). Jaiee npu

{1=a Mmr:

F(l-a)a
o

a £
4 B

Kl -a)a
1

Mﬂﬁm@
©

.~|g,

Puc. 2.20
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B nipenenax a < z, < I mojiyyaem:
F(l-a)a

Inpu 3 = a Mmr =—

npu z, = M,,. = 0.

OTkagbiBaeM 3TH OPAMHATH (OHU ITOCTPOEHBI Ha CXAaTOM BOJIOK-
He) U COoeqUHsIEM MPSIMBIMU JMHUAMHU. ClieIyeT 3aMeTHTb, YTO Ha BTO-
POM y4YacTKe MOXHO ObLIO OpAMHATH HE BBIYMCJIATH, TAK KaK B IIap-
HUPHOM orope B MOMEHT He MOXET BO3HHKATh, M IIO3TOMY Ha 3ITIOpe
HYXHO cpa3y OTJIOXUTb 0.

5. CtpouM 3mIopHI ITonepeyHbIx cl. Kak 66010 onpeneneHo B II. 3,
MOTepeYHble CHIBI IIOCTOSTHHBI Ha KaXIOM M3 ABYX Y4acCTKOB, ITO3TO-
MY OTKJIaIbIBaeM IMOACYMTAHHBIE 3HAYEHUS C yUYeTOM 3HaKoB. HyXHo
00paTUTh BHUMAaHHE, YTO B TOYKE IPWIOXEHHUS BHEUIHEH CHJIBI HOJI-
XeH OBbITh CKaYOK, paBHBII MPWIOXEHHOM CHIE.

KpomMe TOro, MOXHO IPOBEPUTb MPAaBWILHOCTb YCTAHOBJIEHHBIX
3HAKOB ITOINEPeYHbIX CWJI. TaHreHC yriia HaKJIOHA IMHUU M, Ha 3miope
U3rubaronux MOMEHTOB ITOKA3bIBAET HA 3HAK ITONEPEYHOM CHIIBL: €CITH
YTOJI OCTPBIH, TO TAHTEHC TTOJIOXUTENbHBIN (ITpou3BogHas dM/dt > 0),
a cJieoBaTeNIbHO, M TTONepeyHasl cuia UMeeT 3HaK IUIIOC, eCIIU YToJ
HaKJIOHA JTUHUM — TYTIOM, TO MOMNEepeyHasl CWjia OTpHLATETbHAs.

Hanpsoxenus B Opyce npH npsiMoM YHCTOM H3rube. YUCTHIi M3rub B
Opyce MOXeT UMETb MECTO IO Bcell ATMHe Opyca ab (puc. 2.21, a) unu
TOJIBKO Ha ero 4actu ac (puc. 2.21, 6). Kak yxe yka3bIBaJloCh, MOJI
YHUCTHIM U3THOOM IMOHUMAETCSI TAKOM BUI HArPYXEHHs, IIPU KOTOPOM
B NONEPEYHBIX CEYeHUSIX Opyca BO3HUKAIOT TOJBKO U3rHbaole Mo-
MeHTBI, a Q = 0, cirlemoBaTeIbHO, M3TMOAIOIIMIT MOMEHT OCTaeTCsl IO~
CTOSTHHBIM (M,,,; = const, cM. puc. 2.21, a).

HaHeceM Ha Gpyc OpTOrOHaJIBHYIO CETKY, IOCJIE€ YEro IPUIOXUM
momeHTHl M. Ilon geiicTBMeEM BHEIUHUX MOMEHTOB M Opyc (puc. 2.22, a)
u3orHercs. B ciayyae omHopomHOTro 6pyca M3MeHeHHWe KPUBHU3HBI LIS
BCEX YYaCTKOB OyIeT OMHMM M TeM Xe. Bce ceueHus (BepTUKaJbHbBIE
JIMHUY HaHECEeHHOM CeTKM) OJHOPOIHOro Opyca OCTAIHUCh IUIOCKUMH
M HOPMAaJbHBIMM K €ro OcH mnocie aedopMupoBaHusi. ['opu30oHTAIb-

y F
- /
/ 2 -
=M
I
M a C b
A, Oy TTIRITITY G
a b
F
a 6
Puc. 2.21
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>

Omax
[>>

"\ =T
M Omax M

HeitrpanbHblit cioi

Puc. 2.22

HbI€ JIMHUM HAaHECEHHOW CETKM, PacIOJIOXEHHBbIE Ha BBIITYKJIONW CTO-
poHe Opyca, YIIMHWINCh, a Ha BOTHYTOM — cTajiu Kopoye. OueBun-
HO, CYILIECTBYET CJIOi, B KOTOPOM YIUTMHEHUE OTCYTCTBYET; TaKOM CJIOH
Ha3bIBAIOT HelimpanbHbiM.

IIpeacraBuM, 4TO OpyC COCTOUT U3 OECUUCIEHHOTO YMCIia «BOJIO-
KOH», U IPUMEM THIIOTE3Y O HEHaJaBJIMBaHUU BOJIOKOH JIpYT Ha Apyra.
OnpenenuM nedopMaliuio pacCTSHYTOTO BOJIOKHA, OTCTOSIIIIETO OT He-
TPAJBHOTO CJIOS1 Ha pacCcTOsIHUMU Y (puc. 2.22, 6). [1ycts AC = dz, Toroa
pacTSIHyTO€ BOJIOKHO BD monyyut yanuHeHue Adz. Ompenenum M-
HeitHylo ae¢opMalMio BOJIOKHA, OTCTOSIIEr0 Ha PacCTOSSHHH ) OT
HEUTPAJILHOTO CJIOsl, €Clik ero paauyc KpuBM3HBI p = OC:

_Adz _BD-AC _(p+y)do-pde y
dz AC pdo p

Takum o6pa3oM, TMHeHHas gedopMalysl IIpU YUCTOM M3rube npsi-
MO MPONOPLMOHAJIbHA PACCTOSIHUIO ¥ OT HEUTPAIBHOIO CJIOSI M 00pat-
HO IMPOTMOPLUMOHAIbHA PaaAUyCy KPUBU3HBI.

ITo 3akony I'yka

c=FEe=EZ
Y

HTtak, mpy YUCTOM M3rube HampsKeHUs! B MOIMEPEYHOM CEYEHUH
HM3MEHSIIOTCS 10 JIMHEITHOMY 3aKOHY. ['eoMeTpuUYecKoe MECTO TOUYEK B
CeYeHUHM, YIOBJIETBOPSIOIIee YCIOBHIO ¢ = (), Ha3bIBACTCS Helmpans-
Hol aunuell. MakCMMabHOE HaMpSDKEHUE MpPU U3rMbe BO3HMKAET B
TOYKaX I[MOMEPEYHOT0 CeYeHMsI, HauboJiee yIaIeHHBIX OT HEUTPAIbHOM
JIMHUH (CM. puUcC. 2.22, a):

— Eymax
P

Ecnu u3MeHeHUe KpUBM3HBI Opyca MpPOMCXOAUT B IUIOCKOCTH, B
KOTOpOH NENUCTBYET U3rubamoluii MOMEHT, U 3Ta IUJIOCKOCTb IPOXO-
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IUT Yepe3 IVIaBHbIE OCHU CEYEHMsI, TO TAaKOi M3ru0 Ha3bIBAETCS Mpsi-
MbIM.

IMockoNbKy IpY YMCTOM HM3rHbe BHEIIHMA M3rHOalouIMii MOMEHT
IEUCTBYET B IUIOCKOCTH yZ, TO B CEYEHHH Opyca BO3HHUKAIOT 3JIEMEH-
TapHbIe U3rudarolMe MOMEHTbI OT 3JIEMEHTapHBIX HOPMAJIbHBIX CHUI
odS. TIpocyMMHUpOBaB 3JIeMeHTapHbIE MOMEHTHI, TTOJTYYUM

M, =[odS-y=M.
S

E
IToncraBUM BMECTO © = = :
P

E
qu/ITbIBaﬂ, 49To0 E’ HE€ 3aBUCHUT OT IUIOLIAOH ITOINIEPEYHOr0o CCYCHUA

Opyca, MepernuiileM 3TO PaBEHCTBO:

M= (g) ! J4dS.

3aMeHUB J'yzdS =J,, momyyaeM 3aBMCHMOCTb KPMBM3HBI 6pyca

s
1/p oT u3rubarouniero MOMeHTa M ¥ MOMEHTa MHEpLMH cedyeHus J,
OTHOCUTEJILHO TJIABHOM LICHTPAJIbHOM OCH, ITIEPIICHANKYJSIPHOM K ILTOC-
KOCTHU U3rubalolero MoOMeHTa:

1 M

p EJ’
Benwunna EJ, Ha3bIBaeTCs acecmxocmoio 6pyca nipu usrube. U3 sroit
3aBMCHUMOCTHM Toy4aeM (popMyity IS pacyeTa HanpsDKEHHWH NP U3-
rube

= M;
J.
B Toukax, HanboJjiee yIaJleHHbIX OT HEUTPaIbHOM JIMHUM, BO3HHUKA-
€T MaKCHMAaJIbHOE HampsDKeHHe

My max
Omax = J_
X
Jx
OTHolIeHne 3 Ha3bIBaETCS MOMEHMOM CONPOMUBAEHUS CEICHUS
max
nmpu u3rnbe U obo3Havaercs yeped W,:
J
W, ===
max
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Hanpumep, 11 mpsiMOYTOJIbHOTO CEYEHHUS

3 2
bRy bR
12

6

roe b — mmMpuHa; h — BBICOTA CEYEHMUS,;
ans prrJ'IOI‘O nonepequro CECUCHUA

4 3

D D

Je= g Wa=—g5=01D%
JpI (S D — JUaMCTp CCUYCHMUS.

HTak, npu nmpsIMOM YUCTOM H3THOeE

o _ Musr
max — .
W,

Kocoim uzeubom HasbiBaeTcst U3rub, MPU KOTOPOM TUIOCKOCTb U3TH-
0alollero MOMEHTa He COBITafiaeT C IJIABHOM OChIO CEYEeHMS.

Pacyer Ha MPOYHOCTDH NMPH NPAMOM YHCTOM H3rude. [ToCKONBKY Mpu
YUCTOM M3rube B TOIEPEYHOM CE€YEHMH Opyca BO3HHKAIOT TOJBKO
HOpMaJIbHbIE HAIPSDKEHHs, a TIOoNepeyHasl CIia paBHa HYJIO, TO pac-
YeT Ha MPOYHOCTH OYIET MPOU3BOAMTHCS TOJBKO 10 HOPMAJTBHBIM Ha-
MPSKEHUsIM. MeToMKa pacyeTa aHAJIOrMYHa pacyeTy Ha IMPOYHOCTh
TP PacTsDKEHUHU (CXaTuM). BHavasme CTposT 3miopy BHYTPEHHUX CH-
JIOBBIX ()aKTOPOB, T.€. 3MIOPY U3rMOAIOIMX MOMEHTOB, IIOCJIE YEro —
3IIOpY HanpspkeHui. TT0ICYNTEIBAIOT HATIPSDKEHUSI B CEYEHMSIX T10 [UTHHE
Opyca M M3 HUX (IIO 3MIOpe HAINpSDKEHWi) BBIOMPAIOT HauOOJIblliee
O max- 711 TAHHOTO CEeYEeHMS 3aIIMCHIBAETCS YCIIOBUE

Omax < [G] p.cX*

Eciu pomyckaeMoe HampspDXe€HHe He 3alaHO, TO OHO pacCUMTHIBA-
€TCsl B 3aBUCHUMOCTH OT IPUHATOro Ko3(d@duiimeHTa 3anaca (CM. Moa-

Ix

M
pasn. 2.4). Janee u3 3apucuMoctu W, = —2L onpenensioTcsi reOMeT-
max

pHYECKHe pa3Mephl TTONepeYyHOro ceYeHus: opyca.

IIpumep 2.10.

Onpeaenurb IUaMETP KPYIJIOTro MOMEPEYHOro ceueHust Opyca, HarpyXeH-
Horo usrubarouum MmomeHtoM M = 60 KH - M (cMm. puc. 2.21, a), ecau gomyc-
KaeMoe HarpsixeHue [o], = 160 H/mMm?.

PemeHnue.

1. ITockombKy 3Mmiopa U3rubaloiMX MOMEHTOB YXX€ U3BECTHA, a OpyC UMe-
€T ITOCTOSTHHOE TOMEePEeYyHOe CeYeHHUE, TO OIpeAessieM TpeOyeMblii MOMEHT
COIPOTUBJICHUS:

W, =W, = 60 000 000

, oo = 375,000 mwe.
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2. OnpenensieM AMaMeTp KpyrJioro 6pyca:
W,=0,1D% 375000=0,1D3 D= 10\3/3750 =155,4 mm.

IIpamep 2.11.

Jlis 6anku (cMm. puc. 2.21, 6) nomobpath ceyeHue NMpodwis LiBeJUiEpa,
obecrieyuB IIpU 3TOM IBYKPaTHbI# 3amnac npoyHocTH npu F=21000 H, /=1 M,
6., = 30000 H/cm2.

PeweHnue.

1. CtpouM 3mi0py U3rubaroux MOMEHTOB (cM. puc. 2.21, 6). Haubonbuuuit
U3THOAIOIIMHA MOMEHT BO3HMKAET Ha YYacTKe YMCTOro u3ruba u paBeH Fl.

2. BriyucnsieM TpeOyeMblit MOMEHT CONTPOTUBIEHUsE W, ceueHus 1IBeJuiepa
U3 YCIIOBHS [Opa < [O], = G/

ﬂ < Op 21 000-100 < 30 000
W, n, "™ w T2
OTKyIa
o 21000-100 140 cm3.
15000

3. U3 lNpunoxenns 3 no tadnuue crannaptHoix npodwreit (FTOCT 8240—
89) BriOMpaeM wiBesviep Ne 20, y Kotoporo

W, =152 cM2

Hanpsoxenus npu npsMoM nonepednom usrubde. [1py ynctom usrube
B MOIEPEYHBIX CEYEHUsIX Opyca BO3HMKAIOT TOJILKO HOPMaJIbHbIE Ha-
MPSDKEHUS. U COOTBETCTBYIOLIME UM BHYTPEHHME CIUIBI JAlOT PaBHO-
JIEeWCTBYIOIIMI U3rHOAIOIMii MOMEHT B CeYeHHH. B ciyyae momnepevHo-
ro u3ruba B ceUeHUU Opyca BOZHUKAET HE TOJIBKO MOMEHT, HO U II0-
TepeyHasl ciwia. JTa CWia MpeacTaBisieT co00i paBHOMEUCTBYIOLIYIO
3JIEMEHTapHBIX PacIIpeneIeHHbIX CHJI, JIeXalllMX B IUVIOCKOCTH CEYEHHSI.
B 3TOM Cciiyyae B momepeyHbIX CEYEHUSIX Opyca BO3HUKAIOT HE TOJIBKO
HOpPMAJIbHBIE, HO U KacaTeJIbHbIE HaIpsSKEHMUSI.

Bo3HUKHOBEHHE KacaTeJIbHBIX HAIIPSIXEHU T COITPOBOXKIAETCS T10-
SIBJICHUEM YTJIOBBIX AedopManuii y. ITosToMy Ha OpTOroHaJIbHOM CeT-
Ke, HAHECEHHO! 10 HarpyXeHusi Opyca, BepTHKaJIbHBIC JIMHHUH (a cle-
JIOBaTeJIbHO, U CEYEHMUsI) HE OCTAIOTCS MIPSIMOJIMHENHBIMU TTOCJIE TIpU-
JIOXKeHMsT Harpy3ku. Kaxnast smeMeHTapHasl IUTOIIagKa ce4eHus dS
TOJTy4aeT AOTOJTHUTEILHbIE YTJIOBbIE CMELLIEHHUsI, 00YCIIOBJICHHBIE CABH-
roM. Tak Kak KacaTeJbHbI€ HAIIPSDKEHUs pacIpeAcsieHbl 10 CEYEHHUIO
HEPaBHOMEPHO, TO TaK X€ HEPaBHOMEPHO OyIOyT pacrpenesieHbl U yr-
JIOBBIE€ CMEIIIEHMSI.

Ha BennunHe HOPMaTbHBIX HAMPSKEHUN G MCKaXEHHE TUIOCKOCTH
TIOTIEPEYHBbIX CEYEHUIT 3aMETHBIM 00pa3oM He CKa3bIBaeTcsl. B yacTHO-
CTH, €CJIM ToMnepeyHas cuyia  He MeHsIeTCs 1o JUIMHe Opyca, popMy-
JIbl, BBIBEACHHBIE IS YUCTOrO U3ruda

My M

C=—" M Opay = —
Jx w,’
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OymyT JaBaThb COBEPILUEHHO TOYHBIE PE3yJIbTaThl M B ClIydyae Iorepey-
HOro M3ruda.

IIpu mormepeyHO# cuiie, U3MEHSIONLIEICS BAONL OcU Opyca, ¢op-
MYJIBl YUCTOTO U3rMba NaloT AJ1s1 6 HEKOTOPYIO MOTPEIIHOCTD, BETNYM-
Ha KOTOpOJi BeCbMa MaJjia, ¥ €10 MOXHO npeHeOpeysb. [ToaTomy dopmy-
Jibl, BBIBEACHHBIE IJI OIpENEeIEeHUs] HOPMAJIbHBIX HAMPSKEHUH G U
Omax, @ TAKKE KPUBHU3HBI 1/p MpU YMCTOM U3rube, OyayT MpUMEHUMBI
M JUIS TIOIIEpeYHOro U3ruba, U WIS cilydasi, Koraa rnomnepeyHas cuia Q
HU3MEHSETCSI BIOJb OCH Opyca.

2.8. OnpeaeneHue nepemMeLwLeHUA
npu narn6e cnocobom Bepewaruia

[nst onpeneneHus MporudOB MpH U3rube paHee MCIIOIb30BATUCH
¢dopMyabl Makcsesuta, Mopa u Kactunbsino. I1o atum dopmynam mis
oIpeleieHUs1 TepeMellleHUi TpeOyeTcsl TIPOM3BOAUThL UHTETPHPOBa-
HHE COCTaBJICHHBIX UIS KaXA0ro ciayyast 3aBucuMocteit. 11 Haubosnee
4acTO BCTPEYAIOLIMXCS TUIIOB HArpyXX€HHsl B CIIpaBOYHHUKAX MPHUBO-
IaTcs Tabnuibl nHTerpaioB. Haiu cooteyectBeHHUK A. K. Bepemarux
B 1924 r. nmpemoXui YTpolUeHHE BBIYUCICHUI MO IMpeLIOXEHHBIM
paHee (B 1874 r.) unrerpanaM Mopa.

YTOOBI OINpeneauTh NnepeMellieHue JI000H TOYKM Gaiku, HeoOxo-
MO

1) moctpouTth 3MIOpy M,,. OT PEUIbHO TNPWJIOXEHHBIX CHJIOBBIX
(aKTOpOB;

2) TIPWIOXUTh €IUHUYHBIA CUJIOBOI (hakTOp (CUIYy WIM MOMEHT)
B TOYKE, Ill¢ HEOOXOAMMO OINpEeAC/IUTh NEepPEeMEIllEHHE IONEePeYHOro
ceyeHUs1 DaJIKHu;

3) OT eAMHUYHOTO CUJIOBOTO (haKTOpa MOCTPOUTD SMIOPY U3rHOar0-
1UX MOMEHTOB;

4) YMHOXUTD TUTOLIANb 3MIOPbl M,,. Ha OpAMHATY, B3SITYIO C 3II0-
pBI OT ETMHUYHOTO CHJIOBOTO (paKTOpa IOA LUEHTPOM TSKECTH TUIOLIA-
U 3MIOpbl M,

5) monyyeHHOE MPOU3BEAEHHNE pa3leUTh Ha XECTKOCTh Monepey-
Horo cedyeHus: 6anku EJ.

IIpumep 2.12.

Onpenenuts Nporu6 B Touke K 6anku, HarpyeHHou cuwioii F (puc. 2.23).

PemeHue.

1. CtpouM 3niopy M,,;.

2. [TpuknaapiBaeM eOUHUYHYIO CWIY B TOYKE K M CTPOUM 3IIOPY M3rudaro-
LIMX MOMEHTOB OT 3TOM CHJIbI; B 33J€JIKE MOJYYaeTCsl U3rudAIOLIUil MOMEHT,
paBHbIi 1-/=1.

3. OnpenesnsieM IUIOIIAL SMIOPHl M, ¥ NOJIOXEHHUE ee LieHTpa TsixkecTu C:

Son = (1/2) - (FI- 1) = FI?/2;

zZc=1/3.
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4. BrruucinsieM OpAuHaTy Ha 3MIOpe OT EAMHUYHOM CWIBI, B3STYIO O] LIEH-
TpoM Tsexectu C.

-1-(2/3)I=-(2/3)L.
5. OnpexensieM nporud B Touke K:

kG ( 2)1: ~FP?

Y= Fr 2 73 T3ET

Ecnu smiopa 3agaHHBIX CHJI JIMHEITHAsI, TO ONepalys NepeMHOXe-
HUs 00J1amaeT CBOMCTBOM Kommymamuernocmu. B 3ToM ciydae Ge3pas-
JIMYHO, YMHOXAETCS JIX IUIOUIaAb MEPBOM SMIOPHl HA OpAUHATY BTO-
po¥ WIH IUIOIIAadbh BTOPOU 3MIOPH HA OPAUHATY IEPBOM.

Ipumep 2.13.

Hns yciaoBuit U3 npumepa 2.12 onpeaenuts porud B Touke A.

PemeHue.

1. TTpUnOXHUM eIUHUYHYIO CIITY B TOUKE A M MOCTPOUM 3MIOPY U3rubaio-
IIIMX MOMEHTOB OT 3TOI CWJIbI (CM. HKXXKHIOIO 3MMIOPY Ha puc. 2.23).

2. [TomcyuTaeM IUIOIIAAb SIIOPHI OT
y €IMHUYHOUN CWIBl U KOOPDAMHATY ee
eHTpa €CTH:

P e LIEHTpa TSKECT

Ya Son=1/2-1/2-1/2 = I?/8;
z zZa =1/3-1/2 = 1/6.
Yk 3. BIYMCIUM OpOUHATY Ha 3IIOpe

/ M,,. nox uentpom taxectd C;. Opou-
HaTa OTpMIIaTeJIbHa U paBHa:

_F(I - I/6) = (=5/6)Fl.

4. Bocmnonb30BaBIIMCh CBOMCTBOM
B T @ KOMMYTAaTUBHOCTH, OIpeIessieM Ipo-
— J,IJ Cl% ru6 6anku B Touke A. Ha yyactke AK
5 IJIOLIAADb 3ITIOPbl MOMEHTOB OT €IUHNY-
HOM CWIBl paBHa HYJIIO, [IO3TOMY pe-

3yJbTaT MEPEMHOXEHHUS] 3IIOp AAcT

1 HoJib. Cre1oBaTeIbHO, OyIeM TIEpEMHO-
B XaTh SIIOPHI TOJILKO Ha y4acTKe AB:

/6 1’ 4 TakuM 06pa3oM, NOTYYHIN IPOrU6
K B TOYKE A B TPH pa3a MEHbIIHI, YEM B
C, Touke K.

N~

C uCrnob30BaHUEM CBOMCTB KOM-
MYTaTUBHOCTH OIIpeIeJeHue Ipo-
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