YcioBue

3amaua 10-1. «Bpycku u Ipy>KUHKN»

B nannol 3a7atue paccMaTpUBaeTCsl PACTSIKEHHE IEOYKH, COCTOSINE 13 OAUHAKOBBIX OPYCKOB 1
OJIMHAKOBBIX TPYKUHOK, JIEYKAIIUX HA T'OPU30HTAJIBLHON MOBEPXHOCTH BJIOJIb OJHOM mpsiMoii. Mac-
Cbl BceX OPYCKOB paBHBI M, YKECTKOCTHU MPYKHUHOK - Kk, MACChl IIPYKUHOK MPEHEOPEIKUMO MAJIbI,
KO3 PUIHEHT TpeHus OPYCKOB O MMOBEPXHOCTD - [i.
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Yactb 1. /IBa 6pycka.

1.1 Hemouka cocTouT M3 JABYX OpPYycKOB. B Hava/bHbII

MOMEHT BpeMeHU OPYCKHU TOKOATCs, IpyKuHA He medop- m k m —
MupoBaHa. Kakyio MUHUMAIbHYIO TIOCTOSHHO JefCTBYIO- DM=F>
Y0 TOPU30HTAIBHYIO CUJTY F' Heobxommmo PUJIOKUTH
K OJHOMY U3 OPYCKOB, ITOOBI CIBUHYTH C MeCTa BTOPOIi.

Buaumanue! Tasiee (Bo Bcex wacTsix 3aja4dm) OyieM paccMaTpuBaTh «KBa3UCTAIHO-
HapHOe» IIPUOJINKEeHNe:

MIPUJIOYKEHHAsl CUJIA U3MEHsIeTCs OYeHb MeJ/JIeHHO, TaK, YTO B JIIOOOi MOMEHT BpeMeHU
YCKOpeHneM OpPYyCKOB MOX>KHO ITpeHeOpeyb, cJjieJIoBaTeJIbHO, B JIIOOOI MOMEHT Bpeme-
HU CyMMa CWJI, JeMCTBYIOINX Ha KaXX/Ablii Opycok paBHa HYyJ0. [loka He caBuHercs
mocJieJHUiT OpycoK!

1.2 B cucreme, onucannoii B 1.1.1, mpuiaraemas cuia MeJjIeHHO Bo3pacTtaeT oT HyJid. [Ipu Kakom
3HAYEHUN TOM CUJIBI CIBUHETCS BTOPOit Opycok? Uemy OymeT paBHa gedopMalins Py KUHBI B 9TOT
MOMEHT BPEMEHH !

Yactp 2. Tpu 6pycka.

Ha ropusonTa bHOIl TOBEPXHOCTH PAaCIOJIOXKE-

Ha Tel0YKa MX Tpex OpycKoB. Bpyckm mokosT-

cd, IPyKuHbl He jiehopmupoBanbl. K kpaitnemy n k _ m , k i
OPYCKy HAYMHAIOT TPUKJIAIbIBATH TOPU30HTAIb- [.:'I'I':.:':':.‘.:[.:'I!I':.:':':.‘.:
HO CUJIY F , KoTopasli MeJI[JIEHHO BO3DaCTAET.

B umcnennrix pacderax npumure, 9to umg = fo = 1,0 H, 22 =y = 1,0 cm.

2.1 Ilpu kakoit MUHUMAJIBHON cuite Fi,, caBuHyTCcs Bee OpycKu?
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2.2 TocTpoiite rpaduK 3aBUCUMOCTA CYMMAaPHOTO YJJIMHEHUS HEMOYKH & OT MOJLYJ/IS HPUJIOZKEH-
HO# cusbl F' 1Ipu ee M3MEHEHUW OT HyJd JI0 HalijieHHOro 3HavdeHus Fl,. [lomydure dbopmyiibr,
OITMCBLIBAIONINE KarK/IbIIi XapaKTEePHBII dTall JIBUKEHUS, HANRJINTE 3HAYCHUS B «y3JIOBbIX» TOYKAX.

2.3 lokazkuTe, 9YTO SHEPrETUIECKHI DATAHC «CXOAUTC». Paccauraiite SHEPIUIO, MOCTYIUBIIYIO B
MENOYKY, YKayKUTe U paccuuTaiiTe KOJMYECTBEHHO, Ha YTO M3pacXo/ioBaHa 3Ta sHeprud. 2.4 Haii-
JIUTe yCTaHOBHBIIeeCs: (IIOC/Ie MpeKparieHns Kojaebanuii 6pyCKoB) yi/IMHEHNE TIETIOYKHI, €CJIU [IPH-
JIO?KEHHAs CUJIa JIOCTUTJIA 3HadeHud 2F;, U nepecrajia m3MEHATHCH.

Yactp 3. Ilenouka u3z N 6pyckos.**

Ha ropusonranbuoii moBepxunoctu u3 N 6pyckoB. B HaYa/IbHBIE MOMEHT BpeMEHU BCe OPYCKU I10-
KOSTCs, IPYKUHBI He jedopMmupoBanbl. K kpaiiHeMy OPYCKYy HaYHMHAIOT NMPUKJIAIBIBATH TOPU30H-
TaJabHO cUTy F') KoTopas MeJJIEeHHO BO3PACTaeT.

3.1 Haitmure obmiyo medopMaryio MenovKd K MOMEHTY BPeMeHM, KOTJIa C/IBUHETCS ITOCJIeTHII
OPYCOK.

3.2 Haiigure ycranosusiieecst (mocJjie Ipekpalienus Kojebanuii OpyCKoOB) YiJIMHEHUE IEeNovYKH,
€CJIN TPUJIOZKEHHAs! CUJIa JIOCTUTIA 3Hadenus 2N yumg u rnepectajia m3MEHAThCH.

Pemienue

*ku>3amaua 10-1. «Bpycku u npyKuHKI»
YHacrs 1. JIBa 6pycka. < /u>**

1.1 YroObI c/IBUHYTH C MecTa BTOPOil OPYCOK, K HEMY HEOOXOINMO MPUJIOXKHUTD CUJIY PABHYIO MaK-
CHMAJIBHOM CHJIe TPEHUs TTOKOs, T.€.

Fy = pmg. (1)

Taxoit cuioit MOXKeT OBITH TOJIBKO CUJIBI yupyroctu npyzkunku. Cjie1oBaTesbHo, ee HeoOXOIUMO
PaCTSHYTh Ha BEJIUUNHY

r=—=—" (2)

OueBnHO, 9TO HA TAKyIO K€ BEJIMIMHY HEOOXOJIMMO CMECTHUTH MepBbiii Opycok. Ecim k O6pycky
PUIOXKUTD MMOCTOSHHYIO CHITY (IIPEBBIMIAIOIILY O CUJTY TPEHHUS ), TO OH HAYHET JBUTAThCS YCKOPEHHO,
10 Mepe PACTsI?KeHUsI IIPYKUHKHI YCKOpeHue OyIeT yMeHbInaThcst. [locie Toro, Kak cujia yupyrocrtu
B CyMMe C CWJIOH TpeHUs IPEBBICUT NPUIOKEHHYIO CUJTy, OpYCOK OYJeT MPOJ0/IKATh JIBUTATHCS
B TOM JKe HalpaB/jeHnu (110 WHEpIWN) ¢ yMeHbInamwmeiics ckopoctbio. Korma ckopocts Gpycka
CTaHET PaBHOW HYJIO, cMelleHne Opycka OyJeT MakCHMaJbHO. VIMEHHO B 9TO MOMEHT CMeNIeHHe
OpyCKa JI0JIZKHO CTaTh PABHBIM BeJUUnHe, onpejensgemoit dopmyiioit (2). s (BuzKeHus epBoro
Opycka 3aluilieM ypaBHEHHE 3aKOHa COXPAHEHUsI M IPEBPAIEHUs SHEPTHsi: paboTa MOCTOSHHON
CUJIbI TIOMIET Ha yBeJIMYEHUE MOTEHITUAIBLHON SHEPTUU MPYKUHBI U PA0OTY MPOTUB CUJIbBI TPEHUS:

k 2
Fz = % + pmgz. (3)
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U3 sroro ypaBHenus HaxoguM (¢ yaeroM dhopMyiibl (2)):

kx 3
F= - + pumg = FHMg. (4)

OTrmMeTnM, 9TO 9Ta CHJIa MEHbINe, YeM CyYMMapHas CHUJjia TPeHUs, JeiCTBYIOIIas Ha JBa Opycka.

1.2 Bcee npeblytiye paccy K IeHns, Kacaloluecs BTOPOro OpyckKa, OCTaloTcs B cujie. Tenepnb yareM,
YTO B HCIIOJIb3YEMOM MPUOJINKEHUH CYMMa CIJI, JIEHCTBYIOIINX HA MEPBbIl OPYCOK, TaKKe JOJIZKHA
paBHATbC HYJ10. CrieoBaTe/ibHO, K HEMY JOJ/’KHA OBITH IPUJIOXKEHA CHUJia, PaBHAs CYMME CHJI
VIPYTOCTU U CUJIBI TPEHUS, T. €.

F = 2umg. (5)

edopmarust IpYKUHBI B 9TOM CJIydae TakKe ornpeesiercs Gpopmyaoit (2).

Yactp 2. Tpu 6pycka.

Ob6o3HaYNM MOJTY/IN CHJI YIIPYTOCTH MIPY KU~

HOK Fy u Fy. A nedopmarum mpyKuHOK — - -

x1, 9 Hymepanus 6pycKoB 1 IpYKUHOK T10- 3 1 2 K 1 F
VWYY M (R ERRR IR

Ka3aHa Ha PHCYHKE. W), R rrsuieel) R

2.1 Iocneaauit OpycoK CABUHETCS, €CJIA Ha

Hero rnojeficrByer cusa ynpyroctu Fo = umg = fo. Cujia ynpyroctu nepBoii Mpy>KUHKN B 9TOT MO-
MeHT OyJIeT paBHA CyMMe CHJI YIIPYTOCTH BTOPOU MPYKUHKU U CUJIbI Tpenud, T.e. F1 = Fy+pumg =
2 fo. llputozkenHasi cujia B 9TOT MOMEHT BPEMEHU JIOJI2KHA TTPEBBICUTH Fh TaKKe Ha BEJIUYINHY CHJIbI
TpeHus, T.e. MUHUMAJIbHAA CUJIa, HEOOXOUMast JIJIg TOTO, YTOObI CABUHYTH BCe OPYCKHU, paBHA

Fmin:F1+Mmg:3f0' (6)

DTOT Ke Pe3yIbTAT MOXKHO MOJIYIUTh U APYTUM, O0jIee IPOCThIM criocoboM. Paccmorpum menouky
e koM. CUJIbI yIIPYTOCTH SIBJIAIOTCSA BHYTPEHHUME CHJIAMU JIJIsI BCEHl EIMOYKHU, TI09TOMY OHU He
BJIMSIIOT HA YCKODEHHe MeHTpa Mace (KoTopoe paBHO HyI0). [TosToMy cyMMa BHEITHUX CHJI TaKKe
JIo/KHA OBITH pana Hysio. [losTomy mpukiabiBaeMast Cuiia J0KHA OBITH PaBHA CyMMapHO CUJIe
TpeHusd, JeficTByIoneil Ha MernouKy, 1.e. Fy, = 3umg = 3 fo.

2.2 PaccmoTpuM gBuzkenue o stamam. Jjis y1o06cTBa Bee BBIKJIAIKN OTpa3uM B Tabuiie. Benmanny
CUJIBI BRIpa3uM Kak F' = z fy, rie z - 6e3pa3MepHbIil mapaMeTp.

Cuna F' Cuna Fy Hedopmanus x; | Cuna Fy Hedopmanus xs | Cymmapnas gedopmanus © =  + 2y
1 sram: Bce GpyCKH 110sTCs
Fel0, fo] =0 =0 =0 2o=0 =0
2 9Tall: CABMHYJICS 1ePBblii OPYCOK, BTOPOil U TpeTHii 0KOATCs
F € [fo.2fo] Fi=F—fo=G-Df|zi=0E-1D F,=0 29 =0 z=(z-1)l
3 Tall C¢JIBUHYJICA B'l'()p()ﬁ 6])\’(‘,0!(. 'l'p("l'l’lﬁ ITOKOUTCHA

F € [2f0,3f0] F=0=-1f 7= (=1l Fi=F—fo=0E-2f|x=(=-2b = (22 -3)ly

Taxkum obpazom, HCKOMasg 3aBUCUMOCTH
IPeJICTaBISAeT COOOI JIOMAHYIO JIMHUIO, CO-
CTOSILYI0 W3 MPAMOJUHEHHBIX OTPE3KOB.
SHaveHnss KOOPJMHAT B «Y3JIOBBIX» TOUKAX 4

3aBucumMocTk AedropMali OT NPUOKE HHOW CUNKI
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(KOF,Z[a HadMHaETCA JABU2KEHHUE OYEpPEeaHOI'O
Opycka) MOKa3aHbl B CJEYIONeld Tabinie
u Ha rpaduke.

z:f—fz A=
0 0
1 0
2 1
3 3

2.3 B paccmarpuBaemyto cucremy (Iemnod-
Ky) 9Heprus mocrymnaer djarojapst pabore
BHerHell cubl F'. Pabory sToit cusbl jer-
KO IOJICIUTATH C IOMOIIBIO TOCTPOCHHOI'O
rpacduka. Hucmenno padbora paBHa ILJIONIA-
JI MeXKJTy OChIO  (Ha rpaduke BepTUKaJIb-
Ha) u rpadurom zasucumoctu F(1). TIpo-
CTOIl pacyer JlaeT cJie/iyiolee 3HaUeHne Jijig PA0OThI CUJIBL:

1+2 243 13

YacTh 3T0i1 SHEprun IOILIa Ha yBeJIUYeHne TOTeHIMAJIbHOM sHeprun npy:kuH. Jledopmarus mep-
BOIl IPY>KUHBI paBHa 2y, BTOpoil - [y. [losTomy sHeprus jiebopMUpOBAHHBIX IIPYKUH PABHA

k k 5
U = 5(2[0)2 + 5([0)2 == §folo .

YacTb sHEprun ObLIa U3PACX0I0BaHA Ha PabOTy IPOTUB CHJI TPEHHUsI (T.€. EePeIilia BO BHY TPEHHIO,
TeryIoByio sHepruio). IlepBblit 6pycok cmecTmiics Ha paccrosaue 3lp, BTOPOil Ha paccrosiHue [,
IIO9TOMY KOJIMYIE€CTBO BbI,He.HI/IBH_IeIU/ICH n3-3a TpeHud TeIlJIOTbl paBHO

Q = 3folo + folo = 4folo .

Taxum obpazoM, ypaBHEHUE SHEPIETUIECKOTrO Hasianca

A=U+Q

BBIITIOJIHAETCA.

2.4 Tak KakK BHEIIHA CUJIA 3aCTaBUJIA BCe OPYCKHU JIBUTATHCHA, TO TOC/Ie TTPEKpalleHnsd KojaebaHuii
Bce OPyCKU OYIyT JBUTATHCA C OJUHAKOBBIM YCKOPEHUEM PABHBIM
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F—3umg 2-3umg— 3umg
a = = =

3m 3m H -

g mocieinero OpycKa ypaBHeHHE BTOPOro 3akoHa HbioTona mMmeeT B

ma = Fy — umg .
Otkyna ciemyer, aro Fr = umg + ma = 2umg, a yJJINHEHIE BTOPOH MDY KIHBI

F 2
IQZ—QZw:2l0

k k

N3 Broporo 3akona Hbiorona ji1s1 eHTpaJbHOINO OpycKa

ma = Fy — umg

Cremtyer, 9To cmjia yOpyrocTd HepBoil npy:Kuubl Ha 2fy O0JbIe CUJIBI YIIPYTOCTH BTOPOii, a ee
) 0 ’
yamuHenue Ha 2y 60sbiite BTopoit, T.e. ro = 4ly. B mrore mosydaem, 9To cymmMapHoOe Y/JIMHEHUE

IEMOYKU B 9TOM CJIydae PaBHO

[E:JZ1+ZL‘2:6Z0.

**Yacrp 3. lenouka uz N 6pyckos.**

3.1 [loapobHoEe paccMoTpeHne TPeIBIIYIIIX TacTeil 3a/1a91 MOKA3BIBAET, YTO CUJIA YIIPYTOCTH 10~
ceHel PYKUHKKA paBHA fo = umg, a Cuja yIpyrocTH KaxKIOoi CJIeIyolneil Bo3pacTaeT Ha Be-
jmauny fo = pumg. CooTBeTcTBEHHO, JlecbopMalius KpaitHeil paBHa g = %, KaxKJION CJIe Ty Ionei
BOspacTaeT Ha Benmanny [y = #7¢. CrenopaTenbio, obmas JecdbopManys NenouKN BhIMUCIAeTCH

KaK cyMMa

N(N —1)

lo .

3.2 3 2 sakona Heiotona (cm. m. 2.3) cieiyer, 9TO B JAHHOM ciiydae jedopMariis KazkIoif
HENoYKN Bo3pacraeT Ha Beaundnuny 2ly. [losromy u obiree ypmuHeHue Oyzer B 2 pasa Oojblie, demM
B IIPEJIBIIYINEM ITYHKTE

$:2l0+4l0+6l0+—{—Q(N—l)ZOZN(N—l)ZO
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