
Министерство образования и науки Российской Федерации 
Федеральное государственное бюджетное образовательное учреждение 

высшего профессионального образования 
 

Санкт-Петербургский государственный технологический 
университет растительных полимеров 

             
 
 
 
 

 
МЕХАНИКА И МОЛЕКУЛЯРНАЯ ФИЗИКА  

 
 
 

Методические указания 
к лабораторным работам № 1-31, 1-32, 1-33, 1-41, 1-42 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Санкт-Петербург 
2007 

Н
А
УЧ

Н
О

-И
Н
Ф
О
Р
М
А
Ц
И
О
Н
Н
Ы
Й

  Ц
Е
Н
ТР

  С
А
Н
КТ

-П
Е
ТЕ

Р
БУ

Р
ГС

КО
ГО

  Г
О
С
УД

А
Р
С
ТВ

Е
Н
Н
О
ГО

  Т
Е
Х
Н
О
ЛО

ГИ
Ч
Е
С
КО

ГО
  У

Н
И
В
Е
Р
С
И
ТЕ

ТА
  Р

А
С
ТИ

ТЕ
ЛЬ

Н
Ы
Х

  П
О
ЛИ

М
Е
Р
О
В

 



P •• , list· 

eeaep&lIIoRoe 8RBTeTBO DO 06pa301WU1lO . 

rOC)'AapeTBeBBoe 06pe:J0BaTeJJIoSoe yqpsaeBIIe 
BwemeronpoteecBOBaJlWloro 06pa:J0Baau 

---,., 
CABtcr-nETEPIiYPrCKHii rOCYMPCfBEBHhIit 

TEXUOJlOrB1lECICllA YBIIBEPCHTET PACfHTEJILIILIX 
llOJlHMEPOB 

._.' MEXAIIHKA H MOJIEKYJDIPIIMI cIlH3HKA' 
.I 
I 

MeTOaB..ecKHe yK838HBR 

KJlafioparopHLlM pa&rraM XIl-31, 1-32, 1':'33, 1-41, 1-42 

l 1 
i 
I-

l 

I. 

CaBIlT-De1"epdypr 
...--- '.,
1 r fl rl·-~-" -,-r~.) r ~ 

\ H:\ )': j,:.j -r:i10ep·r.\'~,ll;{iji1Hbl~
i UEHTP . 
c-nerepG~pr, yr..~aaHG ~E~HWX, 4 

! 

Н
А
УЧ

Н
О

-И
Н
Ф
О
Р
М
А
Ц
И
О
Н
Н
Ы
Й

  Ц
Е
Н
ТР

  С
А
Н
КТ

-П
Е
ТЕ

Р
БУ

Р
ГС

КО
ГО

  Г
О
С
УД

А
Р
С
ТВ

Е
Н
Н
О
ГО

  Т
Е
Х
Н
О
ЛО

ГИ
Ч
Е
С
КО

ГО
  У

Н
И
В
Е
Р
С
И
ТЕ

ТА
  Р

А
С
ТИ

ТЕ
ЛЬ

Н
Ы
Х

  П
О
ЛИ

М
Е
Р
О
В

 



... _ ", . .."'~~ ....~. 

YAK 676.013.8 (0707)
 

Mexamoa B MOBeKYJISPBU cP:ma' II~ , ......' K u6opa
1opBHM: pafioraM ..i.HI1-31, 1-32, 1-33, 1-41.1..f2/00ar. AAAfipIIIoBJrI, 

, B.O.Ka6aHoB. B.M.Mal'cmrcm, C.AIlopae"nl; I'OYBIIO CIICS r:rYPII. 
CII6.•2007. - 39c. 

~eeaeynwnn ~ 0IiJaBRe, UnI JJB6Operopmo. pa
6ornoM~.~"~BCeX~A 
naeBBoA H 38O"1110A cI»oPu 06yqemu:. 

Pen;eR3eRT: ~. cjlH3.-M8T. 118)'1(, ~onem~ ctnmoor CII6 ITYPII
 
IIomm:CKBit M.H. '
 

IIQArOTOBJIeBloI H pexoMeB,!{OB8llllllC neum ~A eJ>mmm
 
rOYBnO C1I6 ITYPII(DpOTOJDlI.N! 8 or 14.11.06r.).
 

YTBep~eBloI J( B3~aRlfJ() Mero~ecmA ICOMIIccHeA4mJcym.rera npo
MI>IIJIlIeBBoA saepreraxa rOYBIIO CII6 ITYPII .' (npO'I01lDJI N!6 or 
20.02.07 r.), 

croYBIIO ea-r.: 
rocy;IUIpOIHRAd IJeupGyprcmd 

YJIiiiIepCWlOl 'I'aJIOIICD1I1I 
»epOB, 2007 p8C'11IIUIlIIiI DOJIII

,~:: ..:f: 
•..:--0:..... 

K~ 
~ 

TEMA 1-3. rAPMOHIflIECKHE KOJIEIiAHIDI 

Bseneaae v 
KOJIe6aHIDl - no npoueccsr HJIH ,nBH)KeHIDl, B TOH HJIH HHOH CTeneHH
 

nosropsroumeca BO BpeMeHH. Tpynna TeJI (HJIH O,nHO TeJIo), cOBepmalOIIJ;HX
 

KOJIe6aHHj/, ofipasyer KOJIe6aTeJIbHYlO cacreay KOJIe6aHIDl CHCTeMbI MOryT 6bITb
 

cB060,nHLIMH (B03HHKalOT nOCJIe BLIBe,neHIDl CHCTeMLI H3 COCTOj/HHj/ pasaoaecaa H
 

npenocrasneaaa ee CaMOH ce6e) H BbIH)')K,neHHLIMH (npoacxonsr nozr
 

B03,neHcTBHeM nepeueaaon BHeIllHeH CHJILI). KOJIe6aHIDl j/BJIj/IOTCj/
 

... nepHo,nH1JeCKHMH, eCJIH 3Ha1JeHHj/ BeJIH1JHH, xapaKTepH3YlOIIJ;HX KOJIe6aTeJIbHYlO 

cacrevy, nOBTOpj/IOTCj/ sepes paBI!ble npoaexyrxa BpeMeHH. Ilepaoaov 
KOJIe6aHIDl T Ha3blBaJOT BpeMJI, 3a xoropoe CHCTeMa cosepuraer O,nHO nOJIHOe 

KOJIe6aHHe.~~!~~~~KOJle?,aHHH _ ,0 - oro BeJIH1JHHa, paBHM 1JHCny nOJIHbIX 

KOJIe6aHHH, coaepnraeuux sa e,nHHHIJ;y BpeMeHH (sa 1 C B Clf). 1JaCTOTa CBj/3aHa c 

nepaonox COOTHomeHHeM: V=l/T. BeJIH1JHHa (j), paBHM 1JHCny nOJIHblX 

KOJIe6aHHH, COBepIIIaeMblX sa 2Jr cexyan, Ha3bIBaeTCj/ IJ;HKJIH1JeCKOH. 1JaCTOTOH.: 

OJ = 2Jrv = 21t . 
T 

Paccxorpav nepaozraxecxae KOJIe6aHHj/ MaTepHaJIbHOH. T01JKH MaCCOH. m,
 
npOHCXOMlIJ;He B,nOJIb Koop,nHHaTHOH. OCH OX OKOJIO nOJIO)KeHHj/ _paBHOBeCHj/,
 

npnaaroro sa Ha1JaJIO KOOp.nHHaT. B :nOM CJIy1Jae BeJIH1JHHa X - CMeIIJ;eHHe
 

KOJIe6JIlOllI,eH.cj/ 'T01JKH OT nOJIO)KeHHj/ pasaoaecaa - zansercx <pyHKIJ;HeH BpeMeHH
 

t, npomeaurero OT Ha1JaJIa KOJIe6aHIDl. Ilepaozursecxoe KOJIe6aHHe Ha3b1BaeTCj/
 

rapMOHH1JeCKHM, eCJIH cxeureaae X 3aBHCHT OT BpeMeHH no 3aIroHY:
 

x=Acos(mt+tpo)' (I)
 

rne A _. axmnaryaa KOJIe6aHHH. - HaH60JIbIIIee CMellI,eHHe OT nOJIO)KeHHji
 

paBHOBeCHj/.
 

BeJIH1JHHa {OJt+tpo)' CTOj/IIJ;M non 3HaKOM xocanyca, aassraaercs <pa3OH
 

KOJIe6aHIDl, npu 3a,IJ.aHHOH. aMIIJIHry,ne <pa3a onpezrenser CMeIIJ;eHHe X B JIlO60H
 

MOMeHT BpeMeHH. BeJIH1JHHa tp 0 aaasrsaercs Ha1JaJIbHOH cPa30H KOJIe6aHIDl, OHa
 

cosrranaer co 3HaqeHHeM cPa3bl npa t = O. 113MeHeHHe Ha1JaJIbHOH cPa3bl
 

KOJIe6aHHj/ COOTBerCTByeT CABHry KOJIe6aHHH BO BpeMeHH. YpaBHeHHe (1) MO)KHO
 

sanacars:
 

2Jr 
X = Acosw(t - r) = Acos- (t - r), 

T 
2Jr 

CJIe,nOBaTeJIbHO tpo = - -- r . TaKHM 06pa30M, YBeJIH1JeHHe <pa3LI, HaIIpHMep, aa 

T 
7[, COOTBeTCTByeT 3aIIaJ):lLIBaHHlO no BpeMeHH aa nOJIOBHHy nepaona, Ha pac.l
 
npaseztenu rpa<pHKH KOJIe6aHHH. C O,nHHaKOBOH 1JaCTOTOH H nepaonov, HO
 

OTJIH1JalOIIJ;HXCj/ Ha1JaJIbHOH <paJOH H aMnJIHry,nOH..
 

CKOpOCTh V xonefimouieaca TO"lKH y.BJUleTCj/ rrpOH3BO;J;H0H. OT CMeIIJ;eHIDl BO 
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BpeMeHH: 

x 

t 

PHC. 1 

dx . {1l ~u=-=-Amsin(wt+qJo)=Amco mt+~+qJO . (2) 
~ . 2 

YCKopeHHe a HaxO.llHTCX KliK npOH3BO.llHaJI OT.CKOPOCTH: 

du . ( ). . ( )a=---=-Am2cos\mt+qJo =-m2x=Aw2cos mt+1l+qJo. (3)
dt 

113 BblpIDKeHHH (2), (3) BH,llHO, 'ITO npa rapMOHH'leCKHX KOJIe6aHHxx CKOpOCTb H 

ycxopenae TOqKH H3MeHXIOTCX C reaeaaesr BpeMeHH rapMOHHqeCKH, npaqeM 

• KOJIe6aHHX CKOpOCTH onepexaior no !pa3e KOJIe6aHHX KOOp.llHHaTbI X Ha1l /2, a 

. KOJIe6aHHH yCKopeHHH onepexaror xoopnaaary no !pa3e na 1l (CM. PHC.2). 

XI 

t 

v 

t 

.11 t 
'2 
I , 

PHc.2 

Hs COOTHOIlIeHHH (3) BH,lIHO, 'ITO BeJIH'lHHa X Y.llORlIeTBOpxeT 

)J,1f!PcPepeHQHaJIbHOMY ypaBHeHHIO: 

4 

"""""C"'J:';

, ...... >JI.I.•. 'ti.r..·.·4ifiJdl<·· 

d 2 x 
--+W2X=O. (4) 
dt 2 

3TO 3HaqHT, 'ITO nO)J,CTaHOBKa !PYHKQHH X BH)J,a (1) B ypasneaae (4) 06palllaeT 

ero B TO)f()J,ecTBO. YpaBHeHHe (4) Ha3bIBaIOT .llH<p<pepeHIIHaJIbHbIM ypaBHeHHeM 

CB060.llHbIX rapMOHH'leCKHX KOJIe6aHHH. J1Io6aH BeJIHqHHa, y,L\ORlIeTBOpXIOlllaH 

ypaBHeHHIO (4), H3MeHxeTCX co BpeMeHeM no rapMOHHqeCKOMY 3liKOHy. 

no BTOpoMy 3liKOHy HbIOTOHa CHJIa F, .lleikTByIOlllaJI na MaTepHaJIbHYIO 

TOqKY npa rapMOHHqeCKHX KOJIe6aHHXX H B03BPaInaIOIllaJI ee K nOJIO)l(eHHIO 

paBHOBeCHX, pasaa (c yqeTOM (3»: 

F =ma=-tnarx . (5) 
lf3 (5) cJIe,1J.YeT, 'ITO .llJlSl roro, qT06bI KOJIe6aHHe 6bIJIo' rapMOHHqeCKHM, 

aoaapamaiouraa . CHJIa .llOJI)I(Ha 6bITb nponopuaoaansua cMellleHHIO. 3TO 

BbmOJIHHTCX .llJIX ynpymx CHJI, .llJlH KOTOpbIX cnpasennaa 3aKOH I'yxa: 

F=-kx, (6) 

rne~ - )I(~CI.I(()..c~ 
tfcJiH )J,lliI nexoropoti CHCTeMbI TeJI npa ssraone ee H3 nOJIO)l(eHHH 

pasaoaecas )J,eHcTByeT B03BPaInaIOIllaJI CHJIa, nO,L\'lHHJIIOlllaJICX aaxony (6) H He 

XBJIj[IOlllaHCX ynpyroii, TO TaKHe CHJIbI Ha3blBaIOTCSI xsaaaynpyraaa. 

B 3TOM cnysae TeJIO cosepnraer rapMOHHqeCKHe KOJIe6aHHH H •mm2 =k, . t· . . r.e. qaCTOTa KOJIe6aHHH m= - onpe,L\eillleTCX )l(eCTKOCTbIO CHCTeMbI H MaCCOH 

m . 
TeJIa. 

KHHeTHqeCKaH 3HeprHX MaTepHaJIbHOH TO'iKH, COBepIIIaIOllleH 

rapMOHHqeCKHe KOJIe6aHHH, pasaa: 
2 mA2m2mu •E =--=----sm2 ox 

k 2 2 
HJIH 

mA2m2 

Ek =----[1-cos 2mt]. (7) 
4 

llOTeHQHaJIbHaJI 3HeprHH MarepHaJIbHOH TOqKH, cosepuraiouteii 
rapMOHHqeCKHe KOJIe6aHHH IIO.ll .lleHCTBHeM yrrpyroii CHJIbI F, pasaa: 

X X mm2x 2 mA2m2 

En =- fFdx=-mm2 Jxdx cos' mt 
o 0 2 2 

HJIH 

mA2m2 

E =--[1+cos2mt]. (8) 
n 4 

CJIO)l(HB (7) H (8), IIOJIyqHM cPOPMYJIy )J,AA nOJIHOH saepraa: 

) 5 

J 
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mA2m2 
E=E +E =-- (9)

K n 2 
CJIe,nOBaTeJIbHO, nOJIHal!: 3HeprIDI KOJIe6mo~eHcH TOqKH nponopnaoaam-ea 

xsaztpary aMllJIHly,nhI H He MeHHeTCJI B rexeane KOJIe6aTeJIbHoro npouecca. B 

KpaHHHX nOJIO)l(eHHHX KOJIe6JllO~eHCJI TO'IKH ee CKOPOCTh V =0, n03TOMY noJIHaH 

3HeprIDI pasaa nOTeHQHaJIhHOH. Ilpa rapMOHHqeCKHX KOJIe6aHHJIX KHHeTHqeCKaH 

3HeprHH TOqKH npespamaercs B nOTeHUHaJIbHYIO H Ha060pOT. 

113 (7) H (8) caenyer, 'ITO E H E H3MeHJlIOTCJI C qaCTOTOH 2m, r.e, C 
K n . 

qaCTOToH, KOTOpaH B aaa pasa npessnnaer xacrory rapssoaaxecxoro KOJIe6aHIDI. 

Ha pHC.3 IIpe~CTaBlJeHbI rpa4>HKH 3aBHCHMOCTH X, E H E OT BpeMeHH. TaK 
K n 

KaK cpezmae 3HaqeHHH < sin? a >=<cos 2a>=l/2, TO H3 $OpMyJI (6), (7), (8) 
cnenyer, 'ITO (E ) =(E ) = 1/2E . 

K n 

I t____ .l _ 

I I 
.1 I 
I I 
I I 

EJ : : 
I 

I 

I 

~~J--\~A ~ f -\-1
o t 

En 

TT 
'2 

t 

PHc.3 

PaCCMOTpHM npaaepsr KOJIe6aTeJIbHhIX CHCTeM, COBepWa1O~HX cB060~Hhle 

rapMOHHqeCKHe KOJIe6aHHH. Bo scex CJIyqaHX nonaraex, 'ITO TOPM03H~He CHJIhl 

rnna TpeHHJI H COnpOTHBJIeHHH cpensr OTCyTCTByKYf, n03TOMY KOJIe6aHHH 

HBJIJlIOTCH He3aTYXa1O~MH. 

1. Ilpy?KHHHbIH MaHTHHK 

IlP~HHHhIH MaHTHHK - CHCTeMa, COCTOH~aH H3 TeJIa MaccoH m, 
nonaeureaaoro aa yrrpyroii npyxaae C )l(eCTKOCTLIO k . Macca npY)l(HHLI MaJIa no 

CpaBHeHHIO C m, H eIO MO)l(HO npeaeopers. PaCCMOTpHM BepTHKaJILHOe 

,nBH)l(eHHe TeJIa noon ,neHcTBHeM CHJIbI ynpyrocra H CHJIbI TH)l(eCTH nOCJIe 

BhIBe,neHHJI CHCTeMbI H3 PaBHOBeCHJI. CMe~eHHe TeJIa OnHCblBaeTCH KOOp,llHHaTOH 

X, OCL OX aarrpasaa BepTHKaJILHO BHH3, HaqaJIO KOOP,llHHlIT COBMeCTHM' C 

nOnO)l(eHHeM paBHOBeCHH rena (PHcA). B COCTOJIHHH paBHOBeCHH np~HHa 

paCTHHyTa na BeJIHqHHy X 0, cana TJI)l(eCTH ypaaaoaemeaa CHJIOH ynpyrocra: 

mg=kxo' 

~ ~."~
 
..e=~ ~ 
..-:C-- ~7S:>

~ ~~I~~ -t.-rII 

-- ~ I x(t) 

,rng .J!X 
I} 

PHcA 

Ilpa CMe~eHHH TeJIa na X OT nOJIO)l(eHHH paBHOBeCHH, aa Hero ,lleHCTBYeT CHJIa 

ynpyrocra, paaaas no 3aKOHY Tyxa: F =k(Xo+X). BTOpOH 3aKOH fuIOTOHaynp 

WIH ,llBH)l(eHHJI TeJIa HMeeT BH,ll ma=Fynp +mg. Ilepexoas K npOeKUHJlM na OCL 

OX H yqHTbIBaJI, 'ITO a=d2x / dt", IIOJIyqHM:
 

d2
 x
m-=-k(x+x )+mg.
 

dt
2 °
 

TaK KaK mg=kxO' OKOH'IaTeJILHO HMeeM:
I' 

6 7 
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d2 x 
=-kx 

m dt2 

lL'Ili 

d 2 x k 
-+-x=o. (10)
dt2 m 

Ypaaaeaae (10) cosnanaer C ypasaeaaea (4), n03TOMY MO)l(HO yrBep)K,!l;aTb, 'ITO 

npy)I(HHHbIH MaJlTHHK cosepuraer rapMOHH'leCKHe KOJIe6aHRJI' C ~RKJIH'leCKOH 

'laCTOTOH, onpenenaeaoa paBeHCTBaMR: 

k
oi=-; m~~ 

m 
Ilepaoa KOJIe6aHRH npyxaauoro MaJlTHliKa pasen: 

T~2: ~2Jrt. (11) 

v 2. MaTeMaTR'leCKHH MaJlTHHK 

MaTeMaTR'leCKRM MaJlTHRKOM Ha3bIBalOT MaTepHaJIbH)'lO TO'lKY MaCCOH m , 
nO,!l;BerneHHYIO aa seaecoaoa HepaCTH)KRMOH HRTH ,!l;JIRHOH I R cOBepwaIOUO'IO 

• KOJIe6aHHJI' B BepTRKaJIbHOH TIJIOCKOCTR. 

Xopomav npR6JIR)KeHReM K' TaKOH CHCTeMe CJl)')KHT He6oJIbWOH TJI')KeJIhIH 

uiapas, nO,!l;BeWeHHhIH aa ,!l;JlRHHOH TOHKOH HRTR. TIPR KOJIe6aHIDlX nOJIO)KeHRe 

mapaxa onpeaensercs..YTJIOM rp OTKJIOHeHRJI' HRTR OT BepTHKalIR HJIR BeJJHqHHOH 

X, R3MepJl'eMOH ,!l;JlHHOH ,!J;YrH OT nOJIO)KeHIDI paBHOBeCHJI' (pac.S), ny,!l;eM CqHTaTb 

rp >0, ecna MaHTHRK OTKJIOHeH nanpaso OT nOJIO)KeHRJI' pasaoaecaa, H rp <0 - npa 

aI1<JlOHeHRR HaJleBO. TIPR OTKJIOHeHHR MaJlTHHKa OT nOJIO)KeHilll paBHOBeCHJI' CHJIy 

HllKeCTH MO)KHO pa3JlO)KRTb aa ztae . COCTaBJIJl'IOmRe: F;. =mgsinrp 
R F2 =TJ'lg coso, HanpaBJIeHHWe, COOTBeTCTBeHHo, nepneH,!l;HKYJIJI'pHO HRTH H 

B,!l;OJIb nee. CRJIa ynpyrocra HRTH F H COCTaBJIJl'IOmaJI F nepneH,!l;HKYJIHPHbI
ynp 2 

CKOpOCTR rpyaa H coofimaror eMY ~eHTpocTPeMHTeJIbHOe YCKopeHHe. 

KaCaTeJIbHaJI (TaHreH~RaJIbHaJI) COCTaBJIHIOmaJI F) coo6maeT rpY3Y 

TaHreH~HaJIbHOe ycsopeaae aT' xapasrepasyrouiee H3MeHeHRe MO,!l;yJIH 

CKOpoCTH. 

ComaCHO BTOpOMY 3aKOHY fuIOTOHa: 

maT =F;. 
IiJIH 

maT =-mgSIn rp . 
3HaK MHHYC B ypaBHeHHH CTOHT nOTOMY, 'ITO F R rp HMeIOT npOTHBOnOJIO)KHble

1 
3HaKH. Ilpa OTKJIOHeHHH MaJlTHRKa snpaso (qJ >0) COCTaRJIlllOma", eM.!!!>! T:<D!{eCTH 

8 

~ nanpaaneaa BJIeBO, H ee npoexuaa aa KaCaTeJIbHYIO K TPaeKTOpRR, 

COHanpaBJIeHHYIO C ycsopeaaea aT' 0TPH~aTeJIbHa. Ilpa OTKJIOHeHRH MaJlTHHKa 

BJIeBO (rp <0) 3Ta npoexuaa nOJIO)l(RTeJIbHa.TIpH MaJIbIX yrnax OTKJIOHeHHH, eCJIH 

H3MepJl'Tb yron rp B panaaaax, SInrp ~ rp. 

T

1\ 

I \ .. 
F"" 

x 

~ 
---- \F. 

\ 1 , \ .. 

, "I ~ 
..J ,\ ' " mg"'· " 

. PRc.5 
, .

Y'lHTbIBaJI', 'ITO ,!l;JIHHa,!J;YrH X=qJ!, 3anHrneM BTOPOH 3aKOH HbIOTOHa B BH,!l;e: 

ma = - mg XmaT=-mgrp RJIH r I 
g

OTCIO,!l;a ar=--x. 
I 

fIO,!l;CTaBJIJI'JI', nOJIY'iHM ,lU{<p<pepeH~RaJIbHOe ypaaaeaae rapMOHRqeCKHx 

KOJIe6aHRH: 

d 2 x g
--+-X=O. (12)

dt2 I
 

CPaRHHBaJI ypaBHeHHJI' (12) R (4), HMeeM: 0)2 =g/ I; 0)=.fiTl.
 
Ilepaoa KOJIe6aHHH MaTeMaTHQeCKoro MaJlTHRKa pases:
 

T~2JrH . (13) 

Hs <P0PMYJIhI (13) BR,!l;HO, 'ITO nepaon KOJIe6aHHH MaTeMaTHqeCKoro MaJlTHHKa 

npa M3-'1blX yrnax OTKJIOHeHHJI' 3aBRCRT JIHIIIb OT ,!l;JIRHbI MaJlTHRKa H yCKopeHHH 

CRJIbI TH)KeCTH g ; nepaoa KOJIe6aHRH He 3aBHCHT OT MaCChI rpysa H He CBH3aH C 
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aMrrJIHryLloH KOJIe6aHHH. MaJIbIMH yrnaxa OTKJIOHeHIDI MO)f(HO C'IHTaTb yrnu LlO 

10°. 

3. <DH3H'IeCKHH MCllITHHK 

<DH3JilleCKHM MCllITHHKOM Ha3blBaeTCM rsepnoe TeJIO rrpOH3BOJIbHOH !pOPMbI, 

cnocooaoe cosepurers KOJIe6aHIDI soxpyr 3aKpeIIJIeHHOH OCH, He rrpOXO,WIlI.\eH 

sepea ero I.\eHTp Tjj)f(eCTH. B IIOJIO>KeHHH paBHOaeCHM I.\eHTp TM>KeCTH MCllITHHKa C 
(pac.o) HaxO,IVITCM non TO'IKOH IIOLI,BeCa °aa OLl,HOH C HeH BepTHKaJIH. 

... . 
'\ \\K-\ 

\G\ \.
~<p\ \ } 

j\ \ \ Q\1\\ \.. \
1 \ \ \ 
, \' \

: \ \ \ ),D_'\-:r\
 
mg 

PHc.6 

ITPH OTKJIOHeHHH MCllITHHKa MaccOH m O,T rrOJIO>KeHHM.paBHOBeCHJI na yron 

rp CHJIa TM>KeCTH HMeeT nneso, pasaoe r =aSlntp, rne a - paCCTOJlHHe Me>KLlY 

TO'IKOH nonaeca H I.\eHTpOM TM>KeCTH MCllITHHKa. Bpauraiouraa MOMeHT CIDIbl 

TM>KeCTH M HaIIpaBJIeH scerna TaK, 'ITO CTpeMHTCM nepayrs MCllITHHK B rrOJIO>KeHHe 

paBHOBeCHM, II03TOMY MOMeHry M H ymoBoMy CMeIl\eHHJO tp CJIeLl,yeT npanacan, 

rrpOTHBOIIOJIO>KHble 3HaKH, T.e.: 

M =-mga sin tp .	 (14) 

ITpHMeHHM K MCllITHHKY OCHOBHoe ypasneaae Ll,HHaMHKH spauiarensaoro 

,llBH>KeHHM (CM. TeMy1.2): 

M =1&,	 (15) 
me 1 - MOMeHT HHepI.\HH MCllITHHKa OTHOCHTeJIbHO BbI6paHHoH OCH apaureuns, 

&=d 2tp/ dt2 
- ymoBoe yCKopeHHe MCllITHHKa. 

EClIH yrnsr OTKJIOHeHIDI MCllITHHKa MaJIbI, TO sintp ~ tp (tp H3MepMeTCM B 

paaaaaax), ypasneaae (15) MO>KHO 3aIIHCaTb B BHLI,e: 

10 

1 d 2 

tp =-mgatp; (16) 
dt2 

oi= mga. 
1 ' 

H C nepaonou, paBHbIM: 

T=2Jrl I .	 (17) 
mga 

Ilepaoa KOJIe6aHIDI !pH3H'IeCKOrO MCllITHHKa 3aBHCHT OT ero MaCCbI, MOMeHTa 

HHepI.\HH OTHOCHTeJIbHO pacCMaTpHBaeMOH OCH spameaas H paCCTOMHIDI Me>KLlY 

OCbJO BpalI.\eHIDI H nerrrpov TJI>KeCTH MCllITHHKa. 1'13 cpaBHeHIDI !pOpMyJIbl (17) C 

!pOpMyJIOH (13) BHLI,HO, 'ITO MareMaTHqeCKHH MCllITHHK C LI,JlHHOH, pasaoii: 

1I	 (18) 
np ma 

6YLl,eT HMeTb TaKOH >Ke nepnon KOJIe6aHHH, KaK H Ll,aHHblH !pH3HqeCKHH MCllITHHK. 

. BeJIHqHHa I Ha3blBaeTCJI IIpHBeJleHHOH lIJIHHOH !pH3H'1ecKOro' MCllITHHKa~ 
np 

HCrrOlIb3yM (18), MO)f(HO !poPMYJIy .< 17) MM nepaoaa KOJIe6aHHH !pH3H'IeCKoro 

MCllITHHKa 3aIIHCaTb B BHLI,e: 

T=2Jr~~
 
MOMeHT HHepUHH MCllITHHKa 1 OTHOCHTeJIbHO OCH, HLI,yll\eH sepea TO'fKY 0, 

MO>KHO HaHTH no reopesre Illreaaepa, eCJIH 3aL1,aH MOMeHT HHepI.\HH 1 
c 

OTHOCHTeJIbHO OCH, npoxonsmeit sepea uearp TM>KeCTH C MCllITHHKa: MOMeHT 

HHepUHH 1 OTHOCHTeJIbHO JIJ060H OCH, napannensusiii OCH, H,l()'II.\eH sepea uearp 
TM>KeCTH, MO>KHO nonyaars npatiaaneaaeu K J rrpOH3BeLl,eHHM MaCCbl TeJIa aa c 

KBaLI,paT paCCTOJlHHM a Me>KLI,y OCMMH, r.e.: 1 = 1 +ma?. (19)c 

BorrpoCbl H 3a1laqH 

1.	 AMnlIHryLl,a rapxoaaaecsoro KOJIe6aHIDI TOqlCH 1MM, qaCTOTa 1 KI'u. KaKOH 

nyrs rrpOHLI,eT TOqKa sa 0,2 c? 

2.	 TOqKa cosepmaer KOJIe6aHIDI no saxony x=O,05 cos 2t (M). Onpenenars 
ycxopeaae TOqKH B MOMeHT BpeMeHH, xorna ee CKOpOCTb paana 0,08 M/C. 

3.	 TOqKa cosepuraer rapMOHHqeCKHe KOJIe6aHIDI. Haafionsnree CMelI.\eHHe 

TOqKH pasao 10 CM, HaH60JIbrnCllI CKOpOCTb 20 CM/C. HaHTH I.\HKJIHqecKYJO 

xacrory KOJIe6aHHH fI MaKCflMaJIbHOe yCKopeHHe TOqKH. 

11 
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4,	 AMrrJlH'!)'}J.a rapMOHHQeCKHX KOJle6aHHH TOqKH 1 MM, 'iaCTOTa KOJle6aHHH 

500 rn, Hanacars ypaaaeaas X (t ), V (t ), a (t ). KaKOBbI HaH60JlbIIIHe 

3HaQeHIDI CKOpOCTH H ycxopeaas ? B KaKHX rrOJlO)l(eHHjiX AOCTHraIOTCji 3TH 

3HaqeHIDI ? . 

5,	 Toxxa cOBepIIIaeT KOJle6aHHji rro 3aKoHY X =AsinlOt. B HeKOTopbIH 

MOMeHT BpeMeHH CMeIl\eHHe TOqKH OKa3aJlOCb paBHbIM 5 CM. Korna cPa3a 

KOJle6aHHH YBeJlHQHJlaCb B}J.Boe, CMeIl\eHHe CTaJlO paBHbIM 8 CM. HaHTH 

axmnaryny KOJle6aHHH, 

6,	 CpaBHHTb BpeMji npoxoxneaas KOJle6JllOIl\eHCji TOtIKOH nepsoii H BTOpOH 

rrOJlOBHHbI aMrrJlH'!)'}J.bI, 

7.	 ,[{OJl)l(eH JlH H3MeHHTbCji nepaon KOJle6aHIDI MaslTHHKa, eCJlH rrOMeCTHTb ero 

B BO}J.y? B KaKYlO CTOpOHY? 

8.	 KOJle6aHHji TOtIKH MaCCOH 0,1 r npoacxonsr cornacao ypaBHeHHIO 

x=O,05cos20t.- Orrpenemrrs MaKCHMaJlbHOe saaseaae B03BpaIl\alOIl\eH 

CHJlbI H KHHeTHqeCKOH 3HeprHH, 

9, K npyacaae rrO}J.BeCHJlH rpys, B pesynsrare sero npyscana pacraaynacs aa 
9 CM. KaKOB 6y,neT nepaon KOJle6aHHH rpysa, eCJlH ero HeMHoro OTIjiHYTb 

BHH3 H 3aTeM orrrycrars? 
10,	 ITo}J. BJlHjiHHeM CHnbI B 1 H npyscana pacraraaaercs ua 2 CM, Onpenenars 

nepnozr KOJle6aHHH rpysa MaccoH 200 r, rrO}J.BeIIIeHHoro K 3TOH npyscaae. 
11.	 3a O}J.HO H TO )I(e BpeMji O.uHH MaTeMaTH'leCKHH MaslTHHK nenaer 50 

KOJIe6aHHH, a BTOPOH 30, HaHTH HX }J.JIHHbI, eCJlH O}J.HH H3 HHX na 32 CM 

xopcse npyroro. 
12.	 YpaBHeHHe KOJIe6aHHH MaTeMaTH'leCKoro MaslTHHKa x=O,l COS 2t (M). 

HaHTH }J.JlHHy 'MaslTHHKa, ero MaKCHM3..JlbHYIO KHHeTHqecKYIO 3HeprHIO. 

Macca rpysa 100 r. 

13,	 MaTeMaTH'leCKHH MaslTHHK OTKJlOHjjIOT B nonoxenae 1 H ornycxaror 
(CM.pHC.7). HaHTH ero CKOpOCTb npn rrpOXO)l(}J.eHHH TOQeK 2 H 3,CKOJlbKO 

rrOJlHbIX KOJle6aHHH cOBepIIIHT MaslTHHK sa 10 c? hI = ro CM, h2 = 6CM, / = 
2,5 M. 

//"'''!//.//<It(:UU. 
1\'-'-. 
! \	 ", I 
j; '<, 
/ " 
! '. '" ',j; 

i 1/1--1-
I \:,
 h,
i 2'l...Lh 

.J. ~ l.--r3..·------ ..r .. T 

PHc,7 
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14.	 MaTeMaTHqeCKoMY MaslTHHKY TOJlqKOM B rrOJlO)l(eHHH paBHoBecIDI 

C006Il\alOT CKOpOCTb Vo. HaMTH ssrcory, aa KOTOpOM MaslTHHK OKa)I(eTCji B 

MOMeHT, xorna CKOpOCTb ero YMeHbIIIHTCji B }J.Ba pasa, KaKOBa aMIIJlH'!)'}J.a 

KOJle6aHHM M~THHKa, eCJlH ero }J.JlHHa panna / ? 

15.	 ITOJlHasi 3HeprIDI rapMOHHqeCKH KOJle6JlIOIl\eHCji TOqKH pasna 30 MK,[{x<, a 

MaKCHMaJlbHasi CHJla, }J.eHCTByIOIl\as1 na TO"{KY, paaaa 1,5 MH. Hanacars 
ypasneaae }J.BH)I(eHHji 3TOM TOqKH, eCJlH nepaon KOJle6aHHH paaen 2 c, a 

aaxansaax cPa3a 1t /3. 

16.	 Ha crepxae }J.JlHHOH 30 CM yxpennensr }J.Ba O}J.HHaKOBbIX rpY3HKa: O}J.HH - B 

cepenaae crepscaa, npyroa na O}J.HOM H3 ero KOHUOB. Crepxeas C rpY3aMH 

KOJle6JleTCji OKOJlO roPH30HTaJlbHOH OCH, npoxonsuiea qepe3 CB060}J.HbIH 

KOHeu crepscas. Onpeaemrrs rrpHBe}J.eHHYIO }J.JlHHy H nepaon 
rapMOHHqeCKHX KOJle6aHHH crepacas C rpY3aMH. MaCCOH crepacas 
npeneopess. 

17,	 l1>H3HQeCKHH MaslTHHK npezrcraanser C060H TOHKHH O}J.HOpO}J.HbIH crepxens 
}J.JlHHOH /. Onpenemrrs, na KaKOM paCCTOjiHHH OT uenrpa Macc }J.QJ])I(Ha 

6bITb TOqKa nonseca, 'iT06bI qaCTOTa KOJle6aHHH 6bma MaKCHMaJJbHOH. 

18, O}J.HOP0}J.HbIH crepxeas }J.JlHHOH 50 CM COBepIIIaeT MaJlbIe KOJle6aHHji B 

BeprHKaJlbHOH IIJlOCKOCTH soxpyr OCH, npoxonsmeri sepes O}J.HH H3 ero 

KOHUOB, Onpenenars nepaon ero KOJle6aHHH. MOMeHT HHepUHH crepxnsf

~ 
il 1=(1/3)m/2 

, me m - Macca crepxns, / - ero }J.JlHHa, 

19, ):{HCK pa}J.HyCOM 24 CM sorrefinercs OKOJlO roPH30HTaJlbHOH OCH, 

npoxonsmea xepea cepeaaay O}J.HOro H3 panaycos nepnennaxynspao 
rrJlOCKOCTH }J.HCKa. Onpenenars rrpHBe}J.eHHYIO }J.JlHHy H nepaoa KOJle6aHHH 

TaKoro MaslTHHKa. . 

20, O}J.HOP0}J.HbIH crepacens }J.JlHHOH 90 CM H MaccoH 2 xr cOBepIIIaeT 

KOJle6aHIDI soxpyr OCH, npoxonsnteii aa paCCTOjiHHH 10 CM OT ero KOHua, 

Onpenenars apamarounoi MOMeHT CHJlbI Tji)l(eCTH, eCJlH crepzceas 
II OTKJlOHHJlH na 300 

OT nonoaceaas paBHOBeCHji. Kaxoe yrnosoe ycxopeaae 
.~ c006Il\aeT CTep)l(HIO 3TOT apamaronrati MOMeHT? KaK MeHjjeTCji yrnosoe 

ycxopeaae npa KOJle6aHIDIx? HaHTH nepaon H sacrory MaJlbIX KOJle6aHHH 

crepzors. 
21, HaHTH nepaon MaJlbIX KOJle6aHHH crepacns H3 3a,u.a'iH N!!20, eCJlH K ero 

HH)I(HeMY KOHUY npaxpenana TOqeqHbIH rpys MaccoH 0,5 Kr. 

22, Onpenenars nepaoa MaJlbIX KOJle6aHHH apeoxerpa MaccoH 200 r, 
2norpyacennoro B BO}J.y. I1JlOIl\a}J.b CeqeHIDI Tpy6KH apeosrerpa 1 CM . 

23.	 Onpenernrre xacrcry, asannaryny H aaxansayio cPa3Y KOJle6aHHji, 

npaseaenuoro na pac.S: 

13 Н
А
УЧ

Н
О

-И
Н
Ф
О
Р
М
А
Ц
И
О
Н
Н
Ы
Й

  Ц
Е
Н
ТР

  С
А
Н
КТ

-П
Е
ТЕ

Р
БУ

Р
ГС

КО
ГО

  Г
О
С
УД

А
Р
С
ТВ

Е
Н
Н
О
ГО

  Т
Е
Х
Н
О
ЛО

ГИ
Ч
Е
С
КО

ГО
  У

Н
И
В
Е
Р
С
И
ТЕ

ТА
  Р

А
С
ТИ

ТЕ
ЛЬ

Н
Ы
Х

  П
О
ЛИ

М
Е
Р
О
В

 



7 

I 
I I I ~ I I I I I Ii I I I I I I 

X, CM,so 
'35 
1,20
 
1,05
 

0,90
 
0,75
 
0,60
 

0,45
 
0,30 

0,15 
0.00'] I 

-{l,15 t, C-0,30 
-(l,45
 

-0,50
 
-0,75
 
-0,90
 
-1,05
 
-1,20
 

-1,35
 
-1,50
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JIAEOPATOPHMI PAEOTA N!! 1-31 

HCCJIE)J,OBAHHE KOJIEIiAHHH llPYJKHHHOrO MMITHIIKA 
UeJIh pa6oTbI: 

1.	 03HaKoMHTcX C xapaxreposr coficraeaaux KOJIe6aHHH npyxaanoro 

MaXTHHKa, CqHTax HX He3a1)'xaIOIIl,HMH. 

2.	 Onpenernrrs C nOMOlIl,hlO 3aKOHa Iyxa F =kx )I(eCTKOCTh 

HCnOJIh3yeMoH B pafiore npyxaasr, 
3.	 Onpenenars 3aBHCHMOCTh nepaoaa KOJIe6aHHH OT MaCChI 

KOJIe6JIIOIIl,eHCX CHCTeMhI anposeptrrs !POPMYJIy (11). 

OnHcaliHe yCTaHoBKH 

YCTaHoBKa (pac.S) COCTOHT H3 llITaTHBa co mxanoa, K KOTOpOMy 

npaxpenneaa npyxaaa. K npyaorae MO)l(HO noaaeuiaaars rpyasi paJJII1'fHOH 

MaCChI. 

fl 
'-:::::Ic::t"i::::- ,-- -0,\,. I'~--::C='~=_ _."_-'11 --,. ',.: i-0 

Ii~ /-~/'.,....~. i :""'''~ :
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mo~ '",,s 'I!i, _! i 
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_!__ ~ _. 

14 

I I 

TIOpX.uOK BhIIIOJIHeHHX pa60TbI 

1.	 BhIBO./lXT npyxaay H3 nOJIO)l(eHHR pasaosecaa, zraior KOJIe6aHHXM 

npexpararscs, OTMeqaIOT nasansnoe rrOJIO)l(eHHe yKaJaTeJIB No (pHc.9). 

lliMepeHHe No BbInOJIHReTCB .llBa)l(.llbI, pe3YJIhTaT HX 3aHOCHTCB B Ta6JI.1. 
I I

OCTOpO)l(HO aarpyxaior npyscaay 4-5 nOCJIe.llOBaTeJIhHO YBeJIHqHBaIOllIl1MHCR 

rpY3aMH C secaun Pi (i =1, ..., 5), OTMeqax Ka)I(,!lbIH paa rrOJIO)l(eHHe 

yKaJaTeJIR Nf,N2, ... ,N5 nOCJIe npexpanteaas KOJIe6aHHH. 

lliMepeHHB C Ka)I(.ublM 3HaqeHHeM Pi npOBO./lXTCB .uBa)l{,lI;hI, npa 

rrOCJIe.uOBaTeJIhHOM YBeJIHqeHHH H YMeHhlIIeHHH HarpY3KH npyscaasr. 3HaqeHHX 

N, 3aHOCBTCR B Ta6JI.l, HaxO./lXT cpezmae apH!pMeTHqeCKHe .uJIB scex OTC4(hOB 

No N..,lLJIB Ka)I(,!loro rpY3a Pi HaxO./lXT BeJIHqHHY CMelIl,eHHB nocp : U1' 
q,opMyJIe: 

x.=N -No'
I cp cp 

Bee K~Oro rpysa Pi qHCJIeHHO pasen ynpyroa CHJIe Fynp i » TaK KaK 

H3MepeHHe rrpOBo.uHTCH B MOMeHT paBHOBeCHB, KOr;J;a 3TH CHJIbI pasnsr H 

rrpOTHBOnOJIO)l(HhI no HanpaBJIeHHIO. PaJ.lleJIHB sec rpY30B Pi ua 

COOTBeTCTBYJOIIl,He CMelIl,eHHR X" HaXO./lXT 3Ha4eHHR )I(eCTKOCTH no !popMyJIe: 

,.	 I 

k.=!l. 

t	 I x. 
I 

Hcxozis H3 yCJIOBHH onsrra, Y.l106HO 3HaqeHHB Pi npa 3anOJIHemIH _Ta6JI.l 

ssrpascars B H, X. - B MM, a )I(eCTKOCTh BhI4HCJIHTh B HIM.
I	 • 

Ta6JIHI-\a 1 
r---

N!! I Ii 
P2= ... H P 3= ... H 

I 
P 1=... H P4= ... H P 5=...H I 

H3MepeHHx 

11 
NO,MM NJ,MM N 2,MM N 3, MM N 4,MM NS,MM 

2	 I 
cpe;J;Hee 

Xj=Nico-Nocn,M 

.Kj=P/X;,HJM -

: 

t 

TIOJIyqeHHbIH pxa kl'k2,•••.k; 3Ha4eHHH 3aHOCHT B Ta6JI.2 H HaxO./lXT 

a6COJIIOTHYJO norpeunrocrs )I(eCTKOCTH, nocrynaa C BeJIHqHHaMH k, KaK C 

pe3YJIhTaTaMH npsssux H3MepeHHM npa HaHHqHH TOJIhKO CJIyqaHHoH OlIIH61Gl 

(11k =0).
cucm 
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5 
Cpezraee I k=... S2f = .... 

ITo lJ,aHHhIM ratin.l CTpOHTC5I rpaqlHK, 

OTKna.n.hIBaeTC1l3HaqeHHe Pi, a no OCH opnanar 

3aKOHOM Tyxanonysarcs npllMa5I nHHH5I. 

2.	 ,L(n51 onpenenenaa nepaozta Kone6aHHH T H 

rne no OCH a6Cl\HCC 

- X .. B COOTBeTCTBHH C 
1 

nposepxa <popMynbl (11) 
saxperrnaror aa npyacane rpY3 Pi C MaCCOH m., BhIBOMT ern H3 nOnOlKeHH5I 

paBHOBeCH5I H, OTnycKa5I, aacraanmor coaepnrars xonefiarem.aoe 
lJ,BH)I(eHHe. C noesonnao cexynnoaepa li3Mep5llOT BpeM51 t , norpaseaaoe 
na coaepineaae N nonnux Kone6aHHH (N=1O-20), H HaxOlJ,51T nepnoa 

Kone6aHHH T = tiN. ITepHOlJ, onpelJ,eJI5IeTC5I lJ,AA scex rpysos, 
npHMeH5IBIIIHXC5I B nepsoa qaCTH pa60TbI. Ilonyxemrsre aaaasre 3aHOC5ITC5I 

B Ta6JI. 3. Onsrmue 3HaqeHH5I Ton",m nepaona CPaBHHBaIOTC5I C 

BbIqHCneHHbIMH no <j>opMyne (11). Cnenyer 06paTHTb BHHMaHHe, <iTO B 

<popMYJIe (11) m - sracca rpysa P, a He ern sec. 
. Tafirraua 3 

1\-1	 -1ffirH,KC ·1 .1 ~i II	 No I I ' m- m. I Nit, C ,Toll"mC 'T =2Jr-- C 2 2 

I rpysa I K~' I mj=rnrpj +mo, xr I I I. I .. k ' (TonblT)'C I 
I paC'IeT 

11 .. I II I I I I I 

15 I	 II I I j !-------' 

3.	 ITPH pacsere nepaona no <p0PMYJle (7) He06xolJ,HMO yxecrs, qTO m 
cnaraerca H3 MaCCbI rpY3a m ,p, nonseuraaaeaoro aa npyxaae, H 

nOCT05lHHOH MaCChI m ' yxpenneaaoa aa npyxaae (BKJIIO'lBIOllIeH H
O 

MacCy caMOH npYlKHHhI). TaKHM 06pa30M m= m +mO' 3Ha'leHHC mOzp 

YKa3aHO aa npzfiope. 
Ilonysenasre pesynsrarsr HCnOnb3YIOTC5I lJ,JI5I nOCTPoeHH5I rpa<pHKa, 

naromero 3aBHCHMoCTb xsanpara nepaoaa OT MaCCbI: no OCH a6Cl\HCC 

onoraztsrsaror 3Ha<ieHH5I m., rro OCH Op.n.HHaT - KBa,D,paThI OrrbITHbIX 3Ha4eHHH 
1 

nepaona (Ton",,,/.. 

16 

,!.
 

f· 
i. 

IflAEOPATOPHNI PAEOTA.N'!! 1-32 

I
~ IIPOBEPKA 3AKOHOB KOJIE])AHlllI MATEMATlNECKOrO 

MMlTHHKA l 
Uenb pa60TbI: 

1.	 Ilposepars 3aKOHbI Kone6aHH5I MaTeMaTHqeCKoro Ma5ITHHKa npn MaJIhIX 

yrnax OTKnOHeHH5I; lJ,n51 sroro HaHTH 3aBHCHMOCTb nepaona rrone6aHHH 

OT ,D,nHHbI HHTH, y6elJ,HTbC5I B He3aBHCHMOCTH nepaona OT aMIIJIHl)'lJ,bI 

KOJIe6aHH5I H MaCCbI rpysa. ::, 
2.	 Onpeaenars ycxopeaae CBo60lJ,HorO naneaas, HCrrOJIb3Y51 <j>opMyny (13): I' 

41[2/ 
g=-2-'

T 
113MepHB g ,D,nHHY Ma5ITHHKa / H nepaon ern nonnoro KOJIe6aHH5I T, MO)l(HO I 

~ BhI'IHcnHTb auaseaae g . :; 

i
Ii 

OnHcaHHe yCTaHOBKH 

B Kat.IeCTBe MaTeMaTHqeCKOrn Ma5ITHHKa acnonssyerca urapnx, 
rrOlJ,BellIeHHbIH na ,D,nHHHOH HHTH. Macca mapaxa 3Ha'lHTenbHO 60JIbille MaCChI 

HHTH, TaK 'ITO MaCCOH HHTH MO)l(HO npeaetipess, ,L(nHHY Ma5ITHHKa MO)l(HO 

H3MeHJlTb, rrOlJ,UrHBa5I HJIH OrryCKa5I HHTb. BepTHKaJIbHO pacrroncoseaaaa 

l 
,.

nHHeHKa n03BOnJleT H3MepJlTb ,D,nHHy Ma5ITHHKa (PHC.lO), YCTaHOBKa HMeCT 

mxany ,D,nJl H3MepeHIDl yrnos OTKJIOHeHH5I. 

or'" "'-r , 
..L I
T	 : 

1,0 r1	 l 
1-'1
! j 

1,2 TI l 
\--l Il,4.w :.Li 
. 1 I 

1,6 ~ 
H 

l,8-U .i ' ' 
' 10 15i 

t::.:::J::,;::..:±=.pI 5 _~j Ir--±, (l0'I	 ~: 
, .__ '.'L I 

PHC. 10 
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llOpMOK BhITIOJIHeHIDI pa60ThI 

1. B nepsoa xacra pafiorsr HCCJIe.!O'eTCJI 3aBHCHMOCTh nepaona KOJIe6aHHH 

OT ~JIHHhI MaJlTHHKa H onpe~eJISIeTCSI ycxopenne CB060.L\HOro na):\eHHSI. 

Orcser ,L\JIHHhI npOH3BO.L\HTCSI OT TOqKH nO.L\BeCa .L\O uenrpa TSI)f(eCTH 

MaJlTHHKa, coanaaaiomero C reoaerpasecxa» QeHTpoM mapa. 113MepeHHe 

.L\JIHHhI npoH3BO.L\HTCSI npa nOMOmH yrorrsaaxa cJIe.!O'lOIUHM 06pa30M: 

yroJIhHHK npHKJIa,L\hIBaeTCJI O.L\HHM KaTeTOM K CTeHe, aa KOTOpOH yxpennen 

MaCllITa6, H nO.L\BO.L\HTCJI K MaJlTHHKy TaK, qT06hI .L\pyroH KaTeT xacancs 

npopesa, C.L\eJIaHHOH no ~HaMeTpy mapaxa. Ilpopess He06xo.L\HMa .L\JISI 

onpe.L\eJIeHHSI nOJIO)f(eHHJI uenrpa UI)f(eCTH MaTeMaTHqeCKoro MaJlTHHKa. 

Ilocne H3MepeHHJI .L\JIHHhI HHTH MaJlTHHK OTKHOHJIlOT ua He6oJIhIIIOH yron 

(-5°), nponycxaior 2-3 nOJIHhIX KOJIe6aHHJI, BKJIlOqaIOT cexynztosrep H3MepJllOT 

BpeMJI 20 nOJIHhIX KOJIe6aHHH. Ilepaon KOJIe6aHHSI onpenenaercs no cPopMyJIe: 

T=t/20. 
113MepeHHSI nposonsr .L\JIji mTH Pa3JIHqHhIX ,L\JIHH, BhI6HpaeMhIx B npeaenax 

OT 1 .L\O 2 M sepes 0,2 M. Pe3YJIhTaThI H3MepeHHH 3aHOCJlTCSI B Ta6JI.I 

Ta6JIHQa 1 

.N~ n/n . ! 
g ,Mic2 ~g ,M/C2I[ 

Ilorpenmocrs I 
I,M I 2 (~)2t,c T,c 2T,c H OKOHqaT. 

pe3YJIhTaT i 
1	 Sg=... 

~g= 
I ~- ,g=... 

5 '. I 
, 

Cpennee - - - - .g ... S2-Ir g=g±~gg ... 

l>< 

1./ 
I 

no .L\aHHhIM Ta6JI.I CTpOJlTCSI rpacPHKH 3aBHcHMocTeH T= f (I) H 1"
T 2 = f(l), BhIqHCJISIeTCJI g H ero cpe.L\HeKBa,L\paTHqHaJI norpeumocrs, Ilpa I~ 
3TOM CqHTaIOT, qTO ~gcucm =O. 

2.	 ,l],anee npoaepaior; qTO nepaon KOJIe6aHHH MaJlTHHKa He 3aBHCHT OT
 

aMnJIHTY.L\hI. ,lJ,nSI 3TOro OTKJIOHSIlOT MaJlTHHK npa nOCTOSIHHOH .L\JIHHe H
 

Macce sa yrnsr 5°, 10°, 15° H Ka)f(,L\hIH paa onpenenaror nepaon
 

KOJIe6aHIDI. 113MepeHIDI npOH3BOMTCli .L\JIji ,L\JIHHhI, B03JIe KOTOpOH
 

yCTaHOBJIeHa uncana yrnos. Pe3YJIhTaThI H3MepeHHH 3aHOCSITCJI B Ta6JI.2.
 

3.	 3aTeM y6e)f(,L\aIOTcJI B He3aBHCHMOCTH nepaoaa KOJIe6aHHH OT MaCChI
 

MaJlTHHKa. ,lJ,nJl 3TOro npn TOW )f(e ,L\JIHHe, KOTOpaJI 6hlJIa BhI6paHa B
 

npe~~IUeH qaCTH pa60ThI, H3MeHlIlOT Maccy MaJlTHHKa, nO.L\BeWHBaJI
 

pasaste mapu. Ka)f(,L\hIH H3 MaJlTHHKOB OTKJIOHSIlOT aa O.L\HH Ii TOT )f(e
 

yroJI (5°) H onpeztensror nepaon KOJIe6aHHlI. Pe3YJIhTaThi 3aHOCJlT B
 

Ta6JI.3. 

4. Ilpn BhInOJIHeHHH nyHKTOB 2 H 3 norpeurnocra He onpe.L\eJISIIOTCJI. 

5. Ilonysenaoe anaseaaeg Ha.L\O HCnOJIh30BaTh ,L\JIJI BhIqHCJIeHIDI MaCChI 

.	 gR 2M 
3eMJIH M. 113 cPopMyJIhi g =r-. CJIe.!O'eT, qTO M=----, rne 

R 2 r 
pa,L\HYC 3eMJIH R H rpaBHTaQHOHHaJI nOCTOJlHHaJI r 3a,L\aHhI. Bee .L\aHHhle 

3aHOCRTCJI B m6JI.4. 

Ta6JIHQa 2 , 
N~ H3MepeHHlI a t, C T=tI20, CI 

I	 =l5° I1 
10°2 
15°3 

Ta6JIHQa 3 

Ta6JIHQa4 

- 2 I 3 2'0603HaqeHHe r, M IKr'c g,M/c M , xr lR,M
BeJIHqHHhI 

3HaqeHHe 6,37'10° 6,67'10' 
"BeJIHqHHhI 

Ilorpenmocrs 
Onpe.L\eJIHTh OTHOCHTeJIhHYlO norpemnocrs 8M H a6COJIIOTHylO 

norpenrnocrs 11M pe3YJIhTaTa. 

JIAEOPATOPHMI PAEOTA N~ 1-33 
«PH3lflIECI'OIH MMlTHHK 

UeJIh pa60ThI: 

1.	 03HaKoMHThCli C cPH3HqeCKHM MaJlTHHKOM KaK npHMepoM KOJIe6aTeJIhHOH 

CHCTeMhI. 

2.	 Haysarscs onpenenan, nepaon KOJIe6aHHH H npHBe.L\eHHYlO .L\JIHHY 

cPH3HqeCKoro MaJlTHHKa. 

3.	 Onpe.L\eJIHTh ycxopeaae CB060.L\HOro na,L\eHIDI C nOMOIUhlO cPH3HqeCKoro 

MaJlTHHKa. 

18 19 
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IIO,ll,BlI:>KHlUI QeQeBlIua 6 YCTaHaBJIIfBaeTC)l TaK, lIT06bI aa WKaJIe 5 6bIJI HyJIb. 

OTKJIOH)l)l MlUITHIfK aa He60JIbillOH yron (4-7°), II)lTb paa orrpeztensror BpeM)l 

t ,lI,Ba,ll,uaTii IIOJIHbIX KOJIe6aHRH 1I BbI'l:IfCAAIOT nepnozr KOJIe6aHliH IIO 

4>opMyJIe T =t / 20. Pe3YJIbTaTbI 3aHOC)lT B Ta6JI. 1. 

J 6 

A 

/j
',: 

30{ '}
-rr' 

Jf 

;:; j!4,5 

;1 !!7 8 
;}~---~'"" 
:;j "'/\/ 
~. /~ \ I/1 \ i 

;J /, I \/V.¢d.
 
~1 _ 

7.~ 
s:~,.,. -,o~,,, ..,;,;=,,o"=""J'4. Fe.=>6= / 

C 

\ <:: 
mmJm 

PIiC. 11 

OnliCaIme yCTaHoBKH 

B pafiore IiCnOJIb3yeTC)l yaaaepcansnsra MlUITHIiK (pac.l l ), COqeTaIOlIl,IiH B 

ce6e 4>1i3IiqeCKHH Ii MaTeMaTliqeCKIiH MlUITHIiKIi. Ha HaCTeHHOM xponurreaae 1 

CMOHTlipOBaHbI nonyurxa orropasrx IIpli3M 2 Ii xpennenae HIiTeH 8 
6IiqJRJI)lpHOro (r;e, cocroautero 1i3 zrsyx HIiTeH) noztseca MaTeMaTliqeCKoro 

MlUITHIiKa. Ha OIIOpHOH npasae 7 IIO,ll,BeWeH 4>1i3Ii'feCKIiH MlUITHIiK, 

BhIIIOJIHeHHbIH B BIi,ll,e MeTaJIJmqeCKoro CTep:>KH)l, Me)l(,ll,y OIIOPHbIMIi IIpli3MaMii 

7,11 KOTOpOro :>KeqKo aaxpenneaa seseaana 10. Hexeaaua 6, 3aKpeIIJIeHHlUI na 
KOHUe CTep:>KH)l, MO:>KeT nepenemarsca IIO WKaJIe 5 C HOHliyCOM 4 Ii 

aaxpennxrscs B HY:>KHOM IIOJIO:>KeHlt'1i BIiHTOM 3. PaCCTOJlHHe Me:>K,!J,Y IIpH3MaMH 

nOCTO)lHHOe H pasao 730 MM. Ilpa H3MeHeHliH nOJIO:>KeHH)l qelleBHUhI 6 

H3MeH)leTC)l MOMeHT IiHepUHH MlUITHIiKa. BHUMaHue! lJpu 6blnOJlHeHUU patiomu 
sanpetuaemcs nepeuetqam» o6e ueueeuuu! 

. ~ onpeaenenas lnp HCnOJIb3yeTC)l MaTeMaTHlIeCKHH MlUITHHK, 

BhInOJIHeHHbIH B BH,lI,e CBHHUOBOro mapmca 9 ,lI,HaMeTpOM 26 MM, 

nonseurennoro 61i1pliAApHO na xanpononoji HIiTIi. ,ArrJl H3MeHeH}\)l ,lI,JIHHbI 

61i4>IDI)lpHOro noztseca CJIY:>KHT 6apa6aHqliK 8, ua KOTOphiH HaMaTblBaeTCJI 

KanpOHOBa)} HIiTb. 

,ArrJl onpezreneaua nOJlO:>KeHH)l ueurpa T)l:>KeCTH MlUITHIiKa C H 

paCCTOJlH}\)l a Me)l(,ll,y TOllKOH nonseca H uearposr T)l:>KeCTIi MlUITHRKa 

HMeeTC)l CIIeUHaJIbHlUI noncrasxa C IIpIi3MOH. ECJIH MlUITHIiK aaxoznrrca B 

pasnoaecaa aa IIO,ll,CTaBKe (pac. 11), TO rosxa C COBIIa,lI,aeT C ueHTpOM 

aaepuaa, aenaxaaa a OTClIliTblBaeTCJI OT TOllKIf C ,lI,0 TOH onopnoa npH3MbI, 

OKOJIO KOTOpOH IIpOIfCXO,ll,HT KallaHlie MlUITHIiKa. 

I1oP?UlOK BbIIlOJIHeHI1JI. pa60TbI 
1 r , MlUITHliK (CM. pac.l l ) yKpeIIAAfOT aa OjlOPHOH IIpmMe 7, ilpllqeM 

20 

I No 

lInin 

5 

T,c I1T, C (!iIi, c 
2 

Ta6JIHI.(a 1 

Ilorpemaocrn Ii 
OKOHlIaTeJIbHbIH 

pe3YJIbTaT 

T=... ' 

I 

I 
s~ = ... 

J 

Sr> ... 

.st. ATIir: 
I T=T s sr 

I 

2.	 CHlIMaIOT MlUITHliK C xpoaurreiiaa, KJIa,!J,YT ero aa nO,ll,CTaBKY C IIp1l3MOH, 

,lI,061iBa)}Cb paBHOBeClI)l. J13Mep)lIOT O,ll,HOKpaTHo JIHHeHKOH paCCTO)lHlIe 

OT TOllKH C ,lI,0 onopaoa IIp1l3Mbi 7, OIIpe,ll,eJIJIJI TeM caMblM paccrosnae 
a OT OCH spameaaa ,lI,0 uearpa TJI:>KeCTli MlUITHliKa (CM. pnc. 11). f 
Pe3YJIbTaTbi 3aHOCJlT B Ta6JI. 2. 

) 
Ofioaaaaeaae M

' 
II 

a, L,M) BeJIlIqliHbI 

Pe3YJIbTaT I 
1f3MepeHlIJI I I 

nOrpeWHOCTb I 
I 

) 

I!- Tafinaua 2 ,I'2m.xr I, xr- M I 
r 
)"

" 

j10,65 
II 

Ie, xr- M 
2 

I 

I 0.01 
I, 

I 

..J 

3. no reopeae Illreaaepa HaxO,nJIT MOMeHT HHepUIiH MaJlTHIiKa: 

) I =I +ma?. Macca MlUITHHKa m Ii MOMeHT naepuaa MlUITHliKa Ie 
c 

OTHOCIiTeJIbHO OClI, IIpOXO,ll,JllIl,eH xepes uearp T)l:>KeCTIi MlUITHlIKa, 

H3BeCTHbI, IiX 3HalleH}\)l YKa3aHbI aa MaKeTe. Ilonyseaaoe 3HaQeHHe I 
3aHOCJlT B Ta6JI.2. 

4. OIIpe,ll,eJI)lIOT ycxopenae CB060,ll,HOro naneaas IIO 4>opMYJIe: 

4tr2I g =--2- , KOTOplUl IIOJIyqaeTCJI 1I3 (17). 

maT 
5.	 MaTeMaTlillecKHH MaJlTHliK lICIIOJIb3YlOT ,lI,JIJI onpe,ll,eJIeH}\)l 

npasenenaoit ,lI,JIHHbI I . ,ArrJl 3TOro rrpa IIOMOIUH 6114>IiJIJlPHOronp 

IIO,ll,BeCa 1I3Me}\)l1OT nnany MaTeMaruqeCKoro MlUITHIiKa, IIo,ll,61iPlUl ee 

TaK, QTo5bI nepaoa KOJIe6aHllii MBTeMBTHQeCKOIO MaJlTHHKa COBIIaJI C 
I,IIepHOjiOM KOJle6aH}\)l q,H3HqeCKoro MlUITHHKa T , HaH,l.\etIHbiM B 11.1. 
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)],06HBlIIHCb COBrra,n,eHIDI rrepHOJ],OB, H3MepRIOT JIHHeRKOR paCCTORHHe L 
OT TOqKH rrOJ],BeCa MaTeMaTH;qeCKOro MaRTHHKa J],O TOqKH KperrJIeHHR 

HHTH aa rrOBepXHOCTH mapaxa. Ilonysaror I 
np 

=L +d / 2, rne J],HaMeTp 

uiapaxa d H3BeCTeH: d=(26,OO±O,05) MM. 

6. BblqHCJIRIOT I np rro <popMyJIe (18) H CpaBHHBaIOT ee anaxeaae C 

rro.rryqeHHbIM B rr.5. 

Orser J],OJI)I(eH conepxan, pacser a6COJIlOTHOR H OTHOCHTeJIbHOR OIlIH60K 

J],JIR BeJIHqHHbI g, orrpeJ],eJIReMOR B rrA. 

TEMA 1-4. BOJIHhI 

BBeJ],eHHe 

BOJIHa - 3TO nponecc pacrrpocrpaneaaa KOJIe6aHHR B cpeae. ECJIH yqaCTOK 

cpezrsr rrpHBeCTH B KOJIe6aTeJIbHOe ;:I;BH)KeHHe, TO B cpeae B03liHKaJOT ,[(e<popMaI.\HH/ 

H' B03HHKaJOIl.\He UpH 3TOM ynpyrne CHJIbI npaaonsr B KOJIe6areJIbHOe ,[(BH)KeHHe 

coceaaae yxacrxa cpensra T.,U. TaKHM06pa30M, rrpOHCXO,UHT pacnpocrpaaenne 
KOJIe6aHHH no BCeR cpezre. 

B ynpyrax cpenax MOryr pacnpocrpausrsca BOJIHhI ,IIBYX THrrOB: 

npononsaue H nonepexasre. npo,uOJIbHaR BOJIHa - 3TO BOJIHa, B KOTOpOH 

HarrpaBJIeHHe KOJIe6aHHH qacTHQ COBrra,[(aeT C HarrpaBJIeHHeM pacrrpOCTpaHeHHR 

BOJIHhI, npa 3TOM B cpene B03HHKaJOT ,[(e<popMaQRH paCTR)I(eHIDI H C)KaTHR. 

Ilpononsnsie BOJIHhI pacrrpOCTpaHRIOTCJI B ra3006pa3HbIX, )KlUKHX H rsepnsrx 
cpenax, 

nOrrepeqHaR BOJIHa - 3TO BOJIHa, B KOTOpOH qaCTHQhI KOJIe6JIIOTCR B 

HarrpaBJIeHHH, rreprreH,LIHKYJIHpHOM HarrpaBJIeHHIO pacnpocrpaaeuas BOJIHbI, npa 
nOM B03HHKaJOT ,Ue<pOPMaI.\HH C,L\BHra. Ilonepexasre ynpyrae BOJIHbI 

pacnpocrpanasorca TOJIbKO B TBepJ],bIX TeJIaX, TaK KaK B rasax H )KH,L\KOCTRX He 

B03HHKaJOT ynpyrae CHJIbl npa ,Ue<poPMaI.\HH C,L\BHra. 

nYCTb HeKOTOpaR TOqKa (yqaCTOK) cpensr COBeplIIaeT rapMOHHqeCKOe 

KOJIe6aHHe: . 

X=Ao coso», (1) 

Torna see TOlJKH cpensr 6y,[lyT coseputars rapMOHHlJeCKHe KOJIe6aHHR C TOR )l(e 

CaMOH qaCTOTOR, HO C ,[lpyroR <pa3OR H aMrrJImy,UoR. YpaBHeHHe, onacsmaroutee 
KOJIe6aHIDI TOqeK cpensr, Ha3hIBaeTCR ypaBHeHHeM BOJIHbl. Ero 06Il.\HH BH)J,: 

X(t, I) =Acos(mt+<Po (l)), (2) 

rne I - paccrosaue OT HCTOqHHKa KOJIe6aHHR ,UO ,UaHHOR TOqKH cpensr, A H <P 
(l}- aMTIJIHTYJ],a H HalJaJIbHaR <pa3a KOJIe6aHHR TIOR TOqKH. 

BOJIHOBWI nOBepXHOCTb - reosrerpasecsoe MeCTO TOqeK, KOJIe6JIIOIl.\HXCR B 

O.llHHaKOBOR <pa3e. JlyqH - JIHHHH, nepneaaaxynspnue BOJIHOBbiM rroBepxHOCTRM. 

JlyqH yKa3bIBaIOT aanpaaneaae pacrrpocrpaaenas BOJIHbI. 

22 

nY4L11 BOnH 

BonHOBbie nOSepXHOCT\II (¢pOHTbl) 

PHc.12 

Ha pHc.12 nOKa3aHbI JIyqH H BOJIHOBhIe nosepxaocra rrJIOCKOR H 

coepasecsoa BOJIHbI. C<pepHqeCKHe BOJIHbI pacnpocrpaamorcs OT MarIbIX 

HCTOqHHKOB KOJIe6aHHH. Ha 60JIblIIHX paccToRHIDIX OT HCTOqHHKa MaJIblH ysacrox 
crpepsr MO)KHO rrpHIDITb sa rrJIOCKOCTb H paccaarpasan, BOJIHY KaK IIJIocKY!O. 

AMIIJIHTY,L\a KOJIe6aHHH B (2) onpeztenaercs xapaxrepox BOJIHbl ~ norepaxa 
3HeprHH B cpezte. 3HeprHR, nepeaocavas BOJIHOR sepes e,L\HHHQy rrJIOIl.\a,[(H, 

, 2 
nponopuaoaansaa A . . TIPH OTcyTCTBHH noreps snepraa, rrOJIHaR 3HeprIDI, 

nepeaocauas BOJIHOH, ocraercs rIOCTOllHHOR, rr03T0My B cpezre 6e3 ~oTepb 
aMrrJIHTY,Ua rrJIOCKOR BOJIHbI nocroanaa, a npa HarIHqHH noreps A YMeHbIlIaeTCR 

npa YBeJIHqeHHH I . TaKYIO BOJIHy Ha3hIBaIOT saryxaiourea. ' 
113MeHeHHe <pa3bl B,L\OJIb nyxa JIerKO HaHTH H3 roro rpaxra, 'ITO B 

OJ],HOpOJ],HOH cpene KOJIe6aHIDI pacrrpOCTpaHRIOTCR C rrOCTORHHOR CKOpOCTbIO U 

B,UOJIb nysa. n03TOMY KOJIe6aHIDI aa paCCTORHHH I OT HCTOqHHKa 3arra3,[(hIBaIOT aa 

BpeMJI r=l/U H orrHChIBaJOTCR ypasueaaea:
 

21l' [2Jr 2Jrl')
x=Acosm(t-r)=Acos- (t-r)=Acos -t----- . 
T T uT 

TaKHM 06pa30M, HaqaJIbHaR <pa3a KOJIe6aHHH B TOqKe, OTCTOJlIl.\eH ua I OT 

HCTOqHHKa: 

1
<Po(l)=-21l- , (3) 

uT 
T.e. aarraaasrsaaae no <pa3e rrpOrrOpQHOHaJIbHO rrpOR,L\eHHOMy BOJIHOH nYTH I. 
llnHHOll: BOJIHbI Ha3blBaeTCR A. =U T - pacCTORHHe Me)K,LIy 6JIH)KaHIlIHMH TOqKaMH 

aa nyse, KOJIe6JIIOIl.\HMHCR B O,L\HHaKOBOH <pa3e (!'1<p =21l) . 
I 

TaKHM 06pa30M, <Po = - 2Jr - H ypaaaenae BOJIHbl npaaauaer BH,L\ 

A 
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(4)X~ACO{ £1JI-2".±)
,llJ1S1 rrJIOCKOH He3al)'XIDOJlI,eH BOJIHbI aMIlJIHl)'.L\a BOJIHbI A rrOCTOSlHHa. 

rpaqlHqeCKOe H306pIDKeHHe BOJIH
 

BOJIHbI MO)l(HO H306pIDKaTb C rrOMOJll,bIO .L\B)'X ceMeHCTB KpHBbIX:
 

1.rpa<pHKOB KOJIe6aHHH PaJHbIX TOqeK cpensr (pac.B).
 
2.rpa<pHKOB 3aBHCHMOCTH CMeJll,eHHH TOqeK cpensr OT 1 JUlSi PaJHbIX MOMeHTOB 

BpeMeHH t (pHc.14). 

Ha pac.B H306pIDKeHbI KOJIe6aHWI .L\B)'X TOqeK cpenu aa paCCTOSiHIDIX 11 H 

1 >11 OT HCTOqHHKa. Bropoe KOJIe6aHHe JaIIaJ.L\blBaeT aa BpeMSI At2 
OTHOCHTeJIbHO nepsoro. 3'rOMY 3arraJ.L\blBaHHIO rro BpeMeHH COOTBeTCTByeT C.L\BHr 

no <paJe 

I1rp=2:r I1t . (5)
T' 

rae T =2:r/ OJ - nepaon KOJIe6aHWI. 

Ha pHc.14 npaseneau MrHOBeHHbIe CMeJll,eHWI TOqeK Cpe.L\bI,L\.JUI MOMeHTOB 

BpeMeHH t J H t 2 > t J. lli pHC. 14 BH.L\HO, 'ITO C YBeJIHqeHHeM BpeMeHH 

. npOHCXO.L\HT nepeaemeaae «ropfia» H «Brra,L\HHbJ» BOJIHbI, a TaK)I(e JII060H TOqKH C 

.' 3aJJ.aHHOH <paJOH (eropfi» COOTBeTcTByeT rpaae 0,2:r H T•.L\.; «anaaaaa» 

1l, 3:r, 5:r H T•.L\.). 

CKOPOCTb pacrrpOCTpaHeHWI BOJIHbI - no CKOpOCTb nepexemeaaa «ropfia» HJIH 

«anazraasr» BOJIHbI, r.e.: 

111
V=--. (6)

I1t 

t
 

PHc.13 

24 

f 

I 

PHc.14 

CKOpOCTb pacnpocrpaueans BOJIHhI MO)l(HO BblPaJHTb sepea ,L\JIHHY BOJIHbI H 

rrepaon KOJIe6aHHii. IIpH pacnpocrpaaesaa BOJIHbI TOqKH cpensr HHKYua He 

nepesrematorca, OH" KOJIe6JIIOTCSI OKOJIO rrOJIO)l(eHWI paBHOBeCHSI•. 

Pacnpocrpaaeaae BOJIHbI rrpOHCXO.L\HT TOJIbKO sa cser U3MeHeHWI <paJbI 

KOJIe6aHHH TOtIeK. Qepe3 At =T (rrepHou KOJIe6aHHH) see TOqKH sepayrca B 

HCXO.L\HOe rrOJIO)l(eHHe, H, CJIep;OBaTeJIbHO, IIyHKTHpHaSi KpHBM na pHc.14 .L\OJI)l(Ha 

COBrraCTb C HCXO.L\HOH KpHBOH. 3TO B03MO)l(HO TOJIbKO, eCJIH 111=A. TaKHM 

06paJOM, sa BpeMSI, pasaoe nepaoay KOJIe6aHHH, 

paccrosnae, paaaoe JUlHHe BOJIHbI. CJIe.L\OBaTeJIbHO, 

A
V=

T 
HJIH . A=VT. 

BOJIHa nepexemaercs na 

(7) 

(8) 
CKOpOCTh pacnpocrpanenas yrrpymx BOJIH onpenenaercs rrJIOTHOCTblO H 

ynpyrava CBOHCTBaMH cpeztsi. ORa pa3JIHqHa UJIH rrp0.L\OJIbHhIX Ii nonepesasrx 
BOJIH. 

3BYK 

Ynpyrue BOJIHbI B cpene HaJbIBaIQTCH 3ByKOBhIMH, HJIH aKYCTHqeCKHMH 

BOJIHaMH, eCJIH qaCTOThI HX KOJIe6aHHH HaxO):\HTCH B naanasoae 20-20000 I'n 
(YCJIOBHhIH .L\HarraJOH CJIbIIllHMOCTH xenosesecxoro yxa). KOJIe6aHWI H BOJIHbI C 

qacTOTaMH MeHbIlIe 20 Fu HaJbIBaJOTCH HH<bpaJByKOM, a KOJIe6aHWI C qaCTOTaMH 

60JlblIIe 20000 I'u HaJhIBaIOTCH YJIbTpaJBYKOM. CKOPQCTh pacnpocrpaaeaaa 
3BYKOBhIX BOJIH B B03.L\Yxe He 3aBHCHT OT qaCTOTbI 3BYKa, a 3aBHCHT OT 

aruocdiepnoro .L\aBJIeHWI, resmeparypsr H BJIIDKHOCTH B03.L\yxa. IIpH HOpMaJIhHOM 

aTMOC<pepHOM .L\aBJIeHHH H 20°C V -= 343 ulc. IIpH nanemra 3ByKa aa rpaaany 
.L\BYX cpen rrpOHcxO.L\HT orpaxeaae 3BYKa. Hacrcra rapMOHHqeCKHX 3BYKOBbIX 

KOJIe6aHHH socnpaaauaercs CJIyxOM KaK BbICOTa 3BYKa. rpOMKOCTb 3ByKa 

onpenenxercs aMITJIHl)'.L\OH KOJIe6aHHH. 3ByKoBbIe BOJIHbI HaxO):\HT 60JIhIlIOe 

npaveneaae B TeXHHKe: CHCTeMbI 3BYKoBocrrpOH3Be.L\eHHSI H 3ByKoycHJIeHWI, 

60pb6a C I1IYMOM aa rrpoH3BO.L\cTBe. YJIhTPaJBYK HCrrOJIb3yeTcSI B 3XOJIOKauHH, 

.L\e<peKTOCKOrrHH, B yJIbTpaJBYKOBOH 06pa6OTKe MaTepHaJIOB. 
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-


CTOjj'lHe BOJIHbI 

Croaxae BOJIHbI ofipaayrorca IIpH HllJIO)l(eHHH nanarouteii H OTpa)l(eHHOH 

BOJIH. Ilpa 3TOM B O,LlHHX roaxax cpenu BOJIHbI yCHJIHBalOT, a B zrpyrax - racar 
npyr ztpyra. CTOHHe BOJIHbI 06PaJYIOTCjj IIpH paCIIpOCTpaHeHHH 3ByKa B JII06bIX 

IIOMel.I.{eHJljjX. .5IBJIeHHe YCHJIeHJIjj HJIH raIIIeHJIjj BOJIH IIpH HX HllJIO)l(eHHH 

naasrsaercs fHHTePdJepeHlweH BOJIHi BOJIHbI yewumaJOT .APyr P,Pyrll.. eCJIH OHH 

IIpHXO,LljiT B ,LlaHHYJO TO'lKY B O,LlHHaKOBbIX <paJax, r.e., eCJIH 

Arp=2k:r, (9) 

rne k= 0, ±1, ±2... 
BOJIHbI racjjT.llEyr: AP1B eCJIH OHH IIPHXO.zljlT B IIpOTHBo<paJe, T.e. eCJIH 

Arp=(2k+l):r. (10) 
Ha pHC. 15 IIOKaJaHbI rpa<pHKH KOJIe6aHHH, soropsie YCHJIHBaIOT H racar npyr 

npyra. 

X 3=X1+ x 2x 

.; 

X 

t 

«YcHJIeHHe» BOJIH «raIIIeHHe» BOJIH 

PHC. 15 

Paccaorpass 06paJOBaHHe croxsea BOJIHbI IIpH IIa.lleHHH IIJIOCKOH BOJIHbI 

aa cTeHKY. Ha pHc.16: S - HCTO'lHHK BOJIHbI, Haxo,LljiIlUfHCjj aa paCCTOjjHHH L OT 

CTeHKH, K - TO'lKa Ha6JIlO,LleHHjj. 

t .. ~-I 

B TO'lKY K, naxonsnryrocs aa paCCTOjjHHH Y OT CTeHKH,0 IIpHXO,LljiT 

IIa,llaIOIIIag H OTpa)l(eHHWI BOJIHbI: 0 

X 
nao { 

= Aco L-Y)O1t-2:r---
0 A.' 

(11) 

X =-ACOS(01t-2:r 
L+Y). 

omp A. (12) 

r 
~ 

L ] 

S
 

PIIC. 16 
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Ypaaaeaaa (II) H (12) IIOJIY'leHbI H3 (4) C Y'lerOM Torn, 'ITO naaaiomas BOJIHa 

IIpOXO.llHT paCCTOjjHHe L - y, a OTpa)l(eHHWI L+Y OT HCTO'lHHKa. 3HaK MHHYC B 

ypaBHeHHH OTpa)l(eHHOH BOJIHbI ofu,jjCHjjeTCjj H3MeHeHHeM <paJbI BOJIHbI na 
IIPOTHBOIIO.iIO)l(HYIO IIpH OTpa)l(eHHH BOJIHbI OT )I(eCTKOH CTeHKH. 3'ro 

06eCIIe'lHBaeT paBeHCTBO HyJIlO aMIIJIHTY,LlbI KOJIe6aHHH 'lacTHII B6JIH3H CTeHKH 

(y=O), TaK KaK CTeHKa He II03BOJIjjeT 'laCTHIIaM B03.zlYXa cOBepIIIaTb KOJIe6aHHjj. 

CYMMapHoe KOJIe6aHHe B TO'lKe K naxonarcs cJIe.zlYlO1.I.{HM 06paJOM: 

X =X ,,+X = Ico{0Jt-2:rL-Y]-CO{0Jt-2:rL+Y]] = 
K nao omp "1 A. A. 

(13) 

=-2Asin21t~ s+x-2Jr~)-
3,LleCb HCIIOJIb30BaHa <popMyJIa: 

. rp+1f/ . If/-rp
COsrp-COSIf/=2stn--Stn---. 

2 2 I' 
i,

113 (13) BH,LlHO, 'ITO B CTOHeH BOJIHe Bee TO'lKH KOJIe6J11OTCjj B O,LlHHaKOBOH <paJ e 
I: 

(c TO'lHOCTblO ,LlO :r), HO C PaJHbIMH aMIIJIHTY.llaMH, IIpH'leM aMIIJIH~a croaxea 
IiBOJIHbI Acm 3aBHCHT OT Y: 
f 

A = 2AIsin 2:r Y (14) t 
em A. f 

I r
TO'lKH, B KOTOpbIX aMIIJIHTY,Lla CTOjj'leH BOJIHbI MaKCHMllJIbHa (A cm=2 A), 

Ha3blBaIOTCjj IIytIHOCTjjMH, TO'lKH, B KOTOpbIX aMIIJIHTY.Lla paana 0, HaJblBaIOTCjj 
f; 

Y3JIaMH. Ilpa OTpa)l(eHHH OT )I(eCTKOH CTeHKH Y3JIbI paCIIOJIO)l(eHbI aa paCCTOjjHJIjjX 

A.Ymin =kA. /2 OT CTeHKH, a IIy'lHOCTH - na Y = (2k+ 1)---, k=0,1,2,3 ... 
max 4 

I
Y Y Y ~ 

i I I ou I 
l 

MCT04HMKI
BOflH 

I
Ii 

PUC. 17 
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rpa!pHl<H	 CMemeHldl: B CTOjJqeH BOJIHe MjJ pasnsrx MOMeHTOB BpeMeHH 

ll306pa>KeHbl na pHc.17. Y3JIbl H n)"IHOCTH CTOjJqeH BOJIHbl HenO,l(BmKHbl B 

OTJIHqHe OT ropoos H snanaa 6erymeH BOJIHbl. 

Ilonoxenae Y3JIOB H II)"IHOCTeH MO)l(HO HaRTH, HCnOJIh3YjJ yCJIOBHH 

yCHJIeHHH	 H raIIleHHH BOJIH npn HHTep!pepeHIum. Me~ na,uaIOmeH H 

OTpa>KeHHOH BOJIHOH B TOqKe K cymecrsyer paJHOCTh xona /',.=2 y, 'ITO C03,1(aer 

Pa:3HOCTh	 !pa:3 !J. rp =2Jr !J. =4Jr X. C yqeTOM H3MeHeHHjJ !pa:3hI BOJIHbl npa
A A 

OTpa:>KeHHH na Jr, nonyxaex, 'ITO IIOJIHaR paJHOCTh !paJ Me~ Oipa)l(eHHOH H 

IIa.uaIOmeH BOJIHOH paana: 

!J.rp=4Jr Y +Jr.	 ( 15) 
A 

YCJIOBHe YCIDIeHHjJ BOJIH !J.rp=2kJr ztaer IIOJIO)l(eHHe IIyqHOCTeH: 

Y =(2k-1)A, k=I,2,3...	 (16)
max 4 

YCJIOBHe ranreaas !J.rp=(2k+ l)Jr ,l(aeT IIOJIO)l(eHHe Y3JIOB:
 

A
 
Ymin=2k-4,	 (17) 

<1>Hrypbl JIHcCa)l(Y 

. PaJHOCTh !pa:3 KOJIe6roIHH -,l(BYX TOqeK aa JI)"Ie MO:>KHO H3MepHTh C 

nouonuco !pHryp JIHcCa:>Ky. <1>HryphI JIHCCa:>K)' nOJI)"IaIOTCjJ IIpH CJIO)l(eHHH 

B3aHMHO IIeplIeH,l(HKyJIjJpHhIX - KOJIe6aHHH X = ACOS(WIt+rplO )H 

Y=BCOS(W2t+rp20)' Ilpa :nOM TOqKa onacsrsaer HeKOTOpyIO KpHBOJIHHeliHyIO 

TPaeKTOpHIO, B 06meM CJI)"Iae He3aMKHYTYIO. ECJIH q'aCTOThI KOJIe6aHHH 

OTHOCjJ:C-!I	 KaK nerrsie qHCJIa (WI / W2=n i / n2 ) , TO IIO.rryqaIOTCjJ 3aMKHYThIe 

KpHBhIe, KOTOphIe HaJblBaIOTCjJ !pHryPaMH JIHCCa:>K)'. I1x !popMa 3aBHCHT He TOJIhKO 

OT OTHoweHHjJ qaCTOT, HO H OT Pa:3HOCTH !pa:3 KOJIe6aHHH. ,[(.luI H3MepeHHH 

Pa:3HOCTH !pa:3 HCIIOJIh3YIOT !pHrypM Jlnccaxy, nOJI)"IaIOll\HeCR IIpH O,l(HHaKoBhIX 

GacTOTax KOJIe6roIHH WI =012=W. Paccsrorpaw HeCKOJIhKO xacrnux cJI)"IaeB 

TaKHX !pHryp JIHCCa:>K)': 

I, rplO =rp20 = 0: 

TaK KaK BH,I( !pHryp 3aBHCHT TOJIhKO OT paJHOCTH !pa:3 KOJIe6lUIHH, TO HaqaJIhHyIO 

!pa:3Y nepsoro KOJIe6aHHjJ MO)l(HO IIOJIO)l(HTh paBHOH HyJIIO. 

x=A cosez; Y =BCOS01t. 
B 

Orcroaa IIOJIyqaeM y =- X. YqHThIBaR, 'ITO: - A s X s A, -B s Y s B, 
A 

28 

BH,I(HM, 'ITO TpaeKTOpHeH jJBJIjIeTCR ,l(HaroHaJIh IIpHMoyroJIhHHKa, JIe:>KamM B I-M H 

3-M xsaztpanrax (pHc.18). 

2.	 rplO =0;.rp20 =Jr
 
B


X =Acoswt; y=B COS(wt+Jr)=-B coswt ; y=--x'
A 

TpaeKTopHeH jJBJIjJeTCH BTOpM ,l(HaroHaJlh IIpHMoyroJIhHHKa (2-H H 4-H xsanpaar; 

pHc.18). 

3.	 rplO=0;.rp20==±Jr/2
 

x=Acosmt; Y=BCO{mt±'I)=±BSinmt.
 

Torna (~r =COS
2 O1t ; ~) =sin 2 ox H 

x2 y2
--+-=1
A 2 B 2 . 

CJIe,l(OBaTeJIhHO, B 3TOM cnyxae !pHrypOH JIHCCa:>K)' jJBJIjIeTCjJ 3JIJIHnC C IIOJIyOCHMH 

A H B, IIapaJIJIeJIhHblMH OCRM X H y. ECJIH aMnJIHTY,I(bl KOJIe6aHHH pasasr, TO 

Jr	 -
IIpH !J.m=±-- nonysaercx OKpy?KHOCTh. 

't' 2 
4. Ilpn IIPOH3BOJIhHOH Pa:3HOCTH !pa:3 IIOJI)"IaeTcH 3JIJIHIIC,	 OCH 

HaKJIOHeHbl OTHOCHTeJIhHO ocea KOop,I(HHaT. _ Illnpana 

MaKCHMaJlhHa IIpH !J.rp=±Jr/ 2. 

l 
~ , 

KOTOpOro 

3JIJIHIICa 

Ilpa IIpH6JIH)I(eHHH Pa:3HOCTH !paJ K 0 H Jr 3JIJIHIIC CTaHOBHTCH BCe roasnre 
II IIpH !J.rp =O,Jr supoaoiaerca B OTpe30K rrpHMoH (pHc.19). 

y,M 

X,M ;;0403~\ 
PHC. 19PHC. 18 

i 
" 
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BonpOCbI H 3ap,aqH 

1.	 Moryr JIH ,LlBe BOJIHbI, pacnpocrpanaromaecs no O,LlHOH npRMoH, 

nOJIHOCThlO noracars npyr npyra? TIPH KaKHX yCJIOBHRX 3TO npOH30H,LleT? 

2.	 ,UaH rparpax 3aBHCHMOCTH x = x(y) (pHc.20) ,LlJIR nexoroporo 
<pHKCHpOBaHHOro MOMeHTa BpeMeHH. qeMy pasaa Pa3HOCTh <pa3 KOJIe6aHHH 

TOqeK 1 H 2, 1 H 3, eCJIH rpa<pHK OnHCbIBaeT: a) fieryuryro BOJIHy; 6) 

CTORqylO BOJIHy? 

X 
A 

01' ' - '). v 
~ .... ..." . ~ 

y 
-A 

PHc.20 

3.	 TOqKa HaxO,LlHTCR aa paccrosnaa 2 M OT HCTOqHHKa KOJIe6aHHH. qacToTa 

KoJIe6aHHH 10 Tu, CKOPOCTh pacnpocrpaneaaa BOJIHbI 45 wc. HaUTH 

CMe~eHHe TOqKH OT nOJIOJKeHHR paBHOBeCHR npa t=0,25 c, eCJIH aasansaas 
<pa3 a KOJIe6aHHR HCTOqHHKa CfJo = O. 

4.	 ,UBe TOqKJi na nyqe, OTcTORIQHe npyr OT npyra aa paccrosaaa 0,3 M, 

KOJIe6JIlOTCR C p::i3HOCThlO <pa3 7t /3. HaUTH ,LlJIHHY BOJIHbI. 

5.	 3a ,LlBe ceKYH,LlbI rop6 BOJIHbI nepeMeCTHJICR sa 5 M. qacTOTa KOJIe6aHHH 

10 I'n, HaHTH ,LlJIHHY BOJIHhI. 

6.	 TIJIOCKaR BOJIHa pacrrpocrpaaaercs B rrOJlOJKHTeJIhHOM HanpaBJIeHHH OCH co 

CKOpOCThlO 12 ulc. ,UBe TOqKH, HaXOM~eCR aa paccrosaaa y I =6 M H 

Y2.=12 M OT HCTMHHKa KOJIe6aHHH, KOJIe6JIlOTCR C Pa3HOCThlO <pa3 5/6 7t. 

AMnJIHTY,Lla BOJIHhI 6 CM. Onpenenars: 1) ,LlJIHHY BOJIHhI; 2) ypasaeaae 
BOJIHhI; 3) CMe~eHHe BTOpOH TOqKH B MOMeHT BpeMeHH 3 c. 

7.	 TIJIOCKaR BOJIHa HMeeT CKOpOCTh pacnpocrpaneaaa 15 wc, nepaoa 1,2 c, 

aMnJIHTY.LlY 2 M. Onpenenars csrenteaae, CKOpOCTh H ycxopenae TOqKH, 

OTcToR~eHOT HCTOqHHKa BOJIH aa paccTORHHH 45 M B MOMeHT BpeMeHH 4 c. 

8.	 Onpenenars ,LlJIHHy 6ery~eH BOJIHbI, eCJIH B CTOH1ieH BOJIHe paccrosnae 
MeJK.LlY: 1) nepsoa H Ce,LlhMoH nyqHOCTlIMH paBHO 15 CM; 2) nepasnr H 

qeTBepThIM Y3JIOM paBHO 15 CM. 

9.	 HaH,LlHTe CKOpOCTh 3ByKa B cpene, eCJIH B 06pa30BaBIIIeHCR CTORqeH. BOJIHe 

paCCTORHHe MeJK.LlY COCeAHHMH Y3JIOM H TIyqHOCThlO 0,2 M. qacToTa 3ByKa 

400rI.\. 

10.	 CTORqaR BOJIHa 06pa30BaJIaCh B pe3YJIhTaTe orpaseaas nanaiouteji BOJIHhI 

OT HeKOTopoH cpensr. PacCToRHHe OT orpazcaiomea nOBepXHOCTH ,Ll0 

6JIH:lKaUlliero Y3JIa CTOK'IeH BOJIHhI pasno 24 eM. Haara AJIHHy BOJIHbl, eC.'1H 

30 

OTpaJKeHHe npOHCXO,IUU: a) OT MeHee nJIOTHOH cpeznr; 6) OT 60JIee nJIOTHOH 

cpeaa. 
1 1.	 CTORqaR BOJIHa 06pa30BaJIaCh npa OTpaJKeHHH 6ery~eH. BOJIHhI OT rpanausr 

paanena ,LlBYX cpezr, HaUTH paCCTORHHe OT rpaaausr paanena ,LlByx cpen ,Ll0 

rpersea nysnocru H ,Ll0 sroporo y3JIa CTORl.ieH BOJIHhI, eCJIH orpazceaae 
npOHCXO,LlHT: a) OT cpeztsr 60JIee nJIOTHOH; 6) OT cpenu MeHee nJIOTHoH. 

CKOpOCTh BOJIHhI 340 ulc, qaCTOTa 3,4 xlu, 

12.	 MMelOTcR KOJIe6aHHR C qaCTOTaMH: 25, 27,41" 54, 75, 87 Fu, Ilpa CJIOJKeHHH 

KaKHX KOJIe6aHHH nonyaarcs 3aMKHYThle xpassre? 
13.	 Ha pHc.21 npHBO,LlHTCR KpHBaJI, nonysaroutaacs npa CJIO:lKeHHH nsyx 

rapMOHHqeCKHX KOJIe6aHHH. Ilepaoe KOJIe6aHHe OnHChIBaeTCR ypaaaeaaesr 
X =Acos20t .HaHTH aMnJIHTY,Lly nepsoro H BTOpOro KOJIe6aHHH, narracars 

ypaaaenae sroporo KOJIe6aHHR. 
ly,M 

-3 
P!'Ic.21 

14.	 B aexoropyro TOqKY npHXoMT nanarornas H OTpa:lKeHHaJI OT TBep,LlOH cTeHKH 

3ByKOBaJI BOJIHa, npa 3TOM OTpaJKeHHaJI BOJIHa npOXO,LlHT ,LlonOJIHHTeJIhHO 

0,93 M. qacToTa 3ByKa 500 Fu, CKOpOCTh 3ByKa 320 ulc. qTO Ha6JIIO,LlaeTCR B 

3TOH TOqKe: Y3eJI HJIH TIyqHOCTh? 

15.	 Ha pHc.13 npaseneau rpa<pHKH KOJIe6aHHH ,LlByx TOqeK na nyse. 
Paccroxaae Me)l(,Lly TOl.iKaMH /'if =20 CM. Onpenernrre CKOpOCTh 

pacnpocrpaneans BOJIH H .LlJlHHY BOJIHhI. 

16.	 Ha pHc.14 npaseneaa MrHOBeHHaR xapraaa CMe~eHHH ,Ll..'UI ztsyx 6JIH3KHX 

MOMeHTOB BpeMeHH t 1=7 c, t 2=11 c. Onpenenare ,LlJIHHy BOJIHhI, CKOpOCTh. 

pacnpocrpaaenaa BOJIHhI H nepaon KOJIe6aHHH.. 

JIAEOPATOPHA5I PAIiOTA Nc:! 1-41 

H3MEPEHHE CKOPOCTH 3BYKAC nowoutsio cI»Uryp JIHCCA)KY 

CKOpOCTh 3ByKa MO:lKHO onpenenars, eCJIH 3HaTh sacrory H ,LlJIHHy BOJIHhl 

3BYKa. Torna V = A. V . 
B pafiore 3ByK H3JIYl.iaeTcR rpoxsoroaoprrrenesr BHyTpH rpytisr (pHc.22), K 

KOTOpOMy rrO,LlBO,LlHTCR nepeaeaaoe nanpaxeaae OT reaeparopa 3ByKOBOH 

qaCTOThI. qacTOTa npa 3TOM onpeztenaercs no II1Kane reneparopa, ,UnR H3MepeHHR 

,LlJIHHhI BOJIHhI HYJKHO HaUTH aa rryse ,LlBe 6JIH:lKaUIIIHe TOl.iKH, KOJIe6JIIO~HeCR B 
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I
O~RHaKOBOU <pa3e (!J.(jJ=2:r). 3To MO)l{HO C.L\eJIaTIo C nOMOlllIoIO MRKpO<pOHa. 

MRKpO<pOH, paCnOJIO)l{eHHhlU B zipyroa KOHue rpytisr, npeoopasyer MeXaHRtieCKRe 

KOJIe6aHIDI cpezrsr B 3JIeKTpRqeCKOe aanpxseeaae TOU )l{e sacrorsr. 3ro 

nanpsoseaae nO.L\aeTCR na BXO.L\ «Y» OCUHJIJIorpa<pa. Ha BXO.L\ «X» OCURJIJIOrpa<pa 

nO.L\aeTCR aanpaxeaae HeIIOCpe.L\CTBeHHO OT 3BYKOBOro reneparopa, Ha sxpaae 

OCUllJIJIOrpa<pa nonysaercs <pRrypa Jlaccaxy ECJIR reneps rrepexreurars 

MHKPO<pOH B.L\OJIIo nysa, TO 6Y.L\eT H3MefUITIoCR HaqaJIIoHaR <pa3a KOJIe6aHIDI IIO OCII 

«Y» H <popMa <pHIypIoI JlHCCax<)' 6Y.L\eT H3MeIDITIoCR. Ilpa nepeveuteaaa 

MHKPo<POHa na paCCTORHlle, pasnoe MHHe BOJIHhl, <popMa <pHIypIoI Jlaccaxy 

COBIIa.L\eT C lIepBOHaqaJIIoHOU, npOUM xepea see npoaexyrosaae CTa.L\HH, r.e. 

<pHrypa Jlaccazcy C.L\eJIaeT1I0JIHhlU 060pOT. 

OCHOBHIoIM 3JIeMeHTOM ocuannorparpa RBJIReTCR 3JIeKTpOHHO-JIyqeBaR rpytiica, 

B	 KOTOpOU Y3KHU nysox 3JIeKTpOHOB npOXO.L\HT Me)l{,[(y roPH30HTaJIIoHO R 

BepTHKaJIIoHO OTKJIOIDIIOllJ;HMR IIJIaCTHHaMH H nonanaer na 3KpaH rpy6KH. Ilpa 
3TOM B MeCTe lIa,[(eHIDI nysa 3KpaH CBeTHTCR. Hanpaxeaae, nonasaeaoe aa 

roPR30HTaJIIoHO OTKJIOIDIIOllJ;He IIJIaCTHlIhl, OTKJIOIDIeT nyq no ropH30HTaJIH, T.e. no 

OCR «X». Hanpaxeaae, nonasaeaoe na BepTHKaJIbHO OTKJIOIDlIOlllHe nJIaCTHHIoI, 

OTKJIOHReT rrys no OCH «Y». CMellleHIDI nyqeu npolIopUHOHaJIIoHIoI IIpHJIO)l{eHHIoIM 

HarrpRlKeHHRM. 

BepTHKaJIIoHO OTKJIOHRIOllJ;He IIJIaCTllHhl 1I0.L\COe.L\HHeHIoI KO BXO.L\y «Y» 

OCI.(HJIJIorpa<pa, a roP1l30HTaJIIoHO OTKJIOIDlIOlllRe - KO BXO.L\y «X». OCI.(HJlJIorpa<p 

. cHa6lKeH pyqKaMH ynpaBJIeHIDI: BhlKJIIOqaTeJIIo; «<pOKyC» - C ee nOMoW;IoIO 

. .L\06HBaIOTCR qeTKHX JIHHllU H306pa)l{eHIDI na sxpaae; «RpKOCTb»; «cuemeuae no 

X» H «cnemeaae no Y» - C HX nOMOmIoIO MOlKHO nepeaeinan, H306pa)l{eHHe aa 

expaae «BBepx-BHH3»·R «BlIpaBO-MeBO»; «yCHJIeHHe X» H «yCHJIeHRe Y» - C 

nOMoIUbIO 3THX pyxes MOlKHO pacrsraaars HJIH C)I{RMaTb H306palKeHlfe no 

ropH30HTaJIH H BepTHKaJIH. «Pa3BepTKa"» OCUHJIJIorpa<pa B .L\aHHOu pafiore .L\OJIlKHa 

6bITb BIoIKJIIOqeHa. 

Ieaeparop 3BYKOBOR xacrorsr Bblpa6aTblBaeT nepeaeunoe nanpsoseaae 

3BYKOBblX qaCTOT. OH HMeeT BhlKJIIOqaTeJIIo, nepeKJIIOqaTeJIIo naanasonos, xoropsra 
n03BO~eT yBe.T!H'l.HBaTIo qaCTOTY B 10 Ii 100 paa, pysxy H IIIKany IIJIaBHOH aacrpoaxa 

reaeparopa, KOTOpaR n03BOAAeT IIJIaBHO H3MefUITIo qaCTOTy. Perynsropu BhlXO.L\HOro 

HanpRlKeHIDI reaeparopa 1I03BOJIRIOTH3MeHRTIo BeJIHqHHY BIolXO.L\HOro HarrpRlKeHIDI. 

~ nopmeH~-::::a:::::::~'HJ~ssss~:sm;J lPOMK~rOBOPHT~L 
nOIlBHXCHLIH IlITOK 

cenannorpac[§J 
Cl-65AX 

pe30H8HCH8H Tpy681 

'-------------I!-fI/.-:y 

PRc.22 
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~, 

flOpRllOK BblIIOJIHeHIDI pa60Thi	 Ii 
1.	 03HaKoMRTIoCR C pysxaaa ynpaBJIeHIDI reaeparopa 3ByKoBou qaCTOTIoI.
 

BKJlIOqHTIo reaeparop, yCTaHOBHTb na IIIKaJIe reneparopa peKOMeH.L\yeMYIO
 

sacrory npe.L\BapRTeJIIoHO BKJIIOqHB rpe6yeMblH .L\Harra30H qaCTOT.
 
IiPeryaaropasoi ssrxonnoro aanpaxeaaa .L\06HTIoC» He60JIIoiliOR rpOMKOCTH
 

3ByqaHHR rpovxoroaoparena. qacTOTbI, rrpa KOropIoIX npoR3BoMTCR "
 tR3MepeHIDI, Bbl6RpaIOTCR B .L\Rarra30He 1000-5000 Fu IIO YKa3aHRIO 
IiIIpelIo.L\aBaTeJIR. 

2.	 03HaKoMRTIoC» C pyqKaMR ynpaBJIeHHR OCUHJIJIorpa<pa R BKJIIOqRTIo ero.
 

PyqKOU «RpKOCTIo» .L\06HTIoCR xopouro BRllRMOro, HO He CJIHlllKOM spxoro
 

R306palKeHR». PyqKOR «<poKyC» .L\06HTIoCR qeTKRX JIHHHH R306palKeHHR.
 

Ilposepars, BblKJIIOqeHa JIR passeprxa OCURJIJIorpa<pa. ECJIH OHa
 

BblKJIIOqeHa, TO na sxpane .L\OJIlKHa 6IolTIo BR.L\Ha O.L\Ha H3 <pRryp JIHCCa)I{y.
 

PyqKaMH yCRJIeHIDI IIO «X» R «Y» R pysxasra CMeIQeHRR IIO «X» R «Y»
 

yCTaHoBRTIo R306pa)l{eHRe <pRrypIoI JIRCCax<)' B uenrp sxpaaa R ,[(06RTJ,CR'
 

pasaepoa <pRrypbl, O.L\RHaKOBIoIX IIO BeplHKaJIR R ropR30HTaJIH R
 

.L\OCTaroqHIoIX M» ee Ha6JIIOlleHIDI. qyacTBRTeJIIoHOCTIo MRKpO<pOHa 3aBRCRT
 

OT qaCTOTIoI, rr03TOMY CJIe,[(yeT, R3MeHRR xacrcry reaeparopa B6JIR3R
 

YKa3aHHOH ±10%, nonofipars TaKyIO qaCTOTy, npa KOTOPOU BepTHKaJIIoHblU
 

pasuep <pRrypbl Jlnccaxy 6y,[(eT HaH60JIIolllRM. ECJIR OH CJIRiliKOM BeJIRK, TO
 

CJIe,[(yeT YMeHIoiliRTIo BblXO.L\HOe HaIIpJDKeHRe reaeparopa•
 

3.	 113MepeHRe MRJIbl BOJIHbl ynofiaee scero IIP01l3BO,[(RTIo HaqHHaR OT <pRryPhI
 

JIRCCa)I{y,. rrpe.L\cTaBAAIOIQeH orpesox IIpRMOH JIRHRR (pRc.19), T.e.
 

coorsercrsyrourefi Pa3HOCTH IPa3 0 RJIR :r. ,[VIR YBeJIWieHIDI TOqHOCTR ua
 

BIoICOKRX qaCToTax CJIe,[(yeT R3Mep»TIo paCCTORHHe , COOTBeTCTB)'IOIQee
 

HeCKOJIIoKllM ,[(JIRHaM BOJIH.
 

113MepeHHe npOBO,[(RTC» CJIe,[(yIOIQRM 06pa30M. YCTaHaBJIRBaIOT MRKpO<pOH 

B6JIR3R rpoaxorosoparens TaK, qT06IoI aa sxpase OCI.(RJIJIorpa<pa 6IolJIa BR.L\Ha 

<pRrypa JIRCCa)I{y B BR,[(e orpesxa IIp>>MOH, R 3arrRCIoIBaIOT 1I0JIOlKeHRe MRKpO<pOHa 

I}. Oro~BRraIOT MRKpO<pOH, noxa <pRrypa JIRCCax<)' He caenaer k 1I0JIHblX 

060pOTOB, R 3aIIRChlBaIOT 1I0JIOlKeHRe MRKpO<pOHa I], xorna aa expaae 6Y.L\eT 

OIIRTIo OTpe30K npRMOH B rex lKe xsanpaarax. .n;aHHIoIe 3aHOC»TCR B Ta6JIRI.(y. 

A1RHa BOJIHIoIpaCCqRTIoIBaeTCR no <poPMYJIc: 2 =12 -I] . 
k 

v±!J.v"" ... ±.. ru 
N!! 

113MeoeHR» 
k I" MM hMM .A.,MM !J..A.,MM (~I.l ,MM 

2 Ilorpemn, 

1	 
R pea-r 

~A. =SJ. = .. 

I I
I jli ,I I-I I I

I Cpe,[(Hee I - I - L I~> I sj =... A =A. ±~ 
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4. 110BTopsnoT fl3MepeHIDI A He MeHee 5 paa, rrpn TOH )J(e caMOH '1aCTOTe. I1pH 

3TOM CJIe~eT BhI6"paTh pasasre Ha'laJIhHhIe TIOJIO)J(eHIDI MHKpotPoHa fI 

pasnsre k. MO)J(HO BhI6f1paTh k TIOJIYIIeJIhIM, T.e. qJHrypa Jlaccaxy nenaer 
HeCKOJIhKO IIeJIhIX 060pOTOB fI eIIIe TIOJI-060pOTa. B 3TOM cnyxae, ecna 
aasansnas tPflrypa Jlaccaxy COOTBeTCTByeT Ha'laJIhHOH Pa3HOCTfi tPa3, 
KOHe'lHaH 6y,neT COOTBeTCTBOBaTh Pa3HOCTfi tPa3 J[ . 

5.	 110 fl3MepeHHhIM nnnne BOJIHhI, '1aCTOTe H HX norpeumocrsa 
paCC'IfiThIBalOT CKOpOCTh 3BYKa H ee TIorpeWHOCTh. 

J1AI>OPATOPHAJI PAnOTAN!?I-42
 
OIIPE,lJ;EJ1EHHE CKOPOCTH 3BYKA IIPH IIOMOm.H CTOWlHX
 

BOJIH
 

Pe30HaHCOM 3BYKOBhIX BOJIH Ha3hIBaeTCSI SIBJIeHHe 3aMeTHOro yBeJIH'IeHIDI 

aMTIJIH1)'):lhI BOJIHhI, paCTIpOCTpaIDlIOIIIeHCSI B OrpaHH'IeHHOM 06beMe cpenu, TIpH 

COBIla):leHHH ee '1aCTOThI (HJIH MHHhI) C O,lUlOH H3' B03MO)J(HhIX qaCTOT (HJIH ):lJIHH) 

CTOJI'fHX BOJIH, OTIpe):leJISIeMhIX reOMeTpH'IeCKHMH paaaepaxa 3TOro o6beMa. 3TO 

JlBJIeHHe ):laBHO HCTIOJIh3YeTCSI TIpH fl3roTOBJIeHflH axycrasecxax My3hIKaJIhHhIX 

HHCTpYMeHTOB MSI YBeJIHqeHIDI ax rpOMKOCTH 3ByqaHIDI. ,llnHHhI opraansrx 'rpyfi, 
paaxepsr KOpilyCOB rarap, posnea H ztpyrax HCTO'IHflKOB 3ByKOB paCC'IHThIBaIOT, 

HCXOM fl3 yCJIOBflJI pe30HaHCa B HHX 3BYKOBhIX BOJIH. 

Onpenenaa yCJIOBflSI Ha6mo,neHIDI pe30HaHCOB 3BYKa B rpytie, aa O):lHOM KOHIIe 

KOTOPOH pacnOJIO)J(eH HCTO'IimK (rpOMKOroBOpHTeJIh), a .npyroH 3aKphIT 

IlO):lBH)J(HhIM nopunreu (pHc.23). ITpe):lTIOJIO)J(flM, 'ITO A fI V 3B)'KOBOH BOJIHhI 

nOCTOSIHHhI, a paccrosnae I MO)J(HO H3MeHSITh. Hcxons H3 tPOpMyJIhI (15) ):lJISI 

· A 
06pa3oBaHIDI CTOSl'lHX BOJIH I ,nOJI)J(Ha 6hITh paBHOH: II = - (i-H peaoaaac), 

4 
A A . 

12 = 3- (2-H pesoaaac), 13 = 5- (3-H pe30HaHC), fI T.):l. B 06IIIeM BH):le, ):lJISI k
:4 4 

A k= 1,2,3,....	 (l8)ro pesouaaca: Ik=(2k-l)-,r):le4 . 

.	 )../4 . (1 )v

""'"----.,..... - ill pe30HaHC;,.,,----i:----- ---.-./1 '.... . 
I1CT04HiIIK 1 ..-, nopWBHb - orpazareru, 

BOIlH I, '" ' ." BOIlH 
\' .» ~ 
i..::.~ ..__~ _ 

Pflc.23'2 .. ii p~oHaHcL 

A	 '-r;f--.- __.__.1_- - , 

r( I '..' "'-, "f'-> ~ " , ' . /~ '" 
! , ,/ -" ~' ... , ",,, '..- ,..;~--._-.al--.-------_._._-----_..-~ 
I 3)..~ . 
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TaKHM 06pa30M, TIJIaBHO YBeJIfI'I~BaH I, MO)J(HO nOCJIe):lOBaTeJIhHO natimonan, 

pSl,n pe30HaHCOB B COOTBeTCTBHH C \ 18\. 
3TH )J(e pe30HaHChI MOryT 6hITh nonyseau H ):lpyrfiM cnocooox. ,llnSi sroro 1 

He	 H3MeHSlJOT (TIOpWeHh HeTIO):lBH)J(eH), a TIJlaBHO fl3MeHSlJOT '1aCT01)' 3ByKOBOH 

BOJlHhI: npa COBTIa):leHHH C '1aCTOTaMfI, COOTBeTCTBYJOIIIHM '1aCTOTaM B03MO)J(HhIX 

CTOSl'lHX BOJIH, B03HHKalOT pe30HaHChI. )l.eHcTBHTeJIhHO, acnonssys (18), fI 

~	 1 V 
ssrpaacas B HeH /L = -, TIOny'lfiM Ha60p '1aCTOT MSI pesoaaacos B BH):le: 

V 

_ (2k-l)v
V .	 (19)
k41 

YCTaHOBKa (pHc.24) conepzorr reneparop nepeaeanoro HaTIpSl)J(eHflSI 

3ByKoBhIX '1aCTOT (D-33), K KOTOPOMY TIo,nKJIJOqeH rpOMKOroBOpHTeJIh, 

pacnOJIo)J(eHHhIH B6JIH3H KOHqa TPy6bI. BHyTpH Tpy6bI HaXO):lflTCSI nopmens, 
KOTOpbIH MO)J(eT nepeMeIIIaTbCJI, npa 3TOM MeHSleTCSI MHHa '1aCTH rpyfisr, B 

KOTOPOH npoacxonar 3BYKoBhIe KOJIe6aHHSI. K nopWHJO TIpHKpeTIJleHa JIHHeHKa, 

'1aCTh KOTOpOH BhIC1)'naeT sa npenensr rpytisr, J1HHeHKa n03BOJlSleT H3MepSITb 

nepeaeuieaae nopums. 
3ByKOBOH reaeparop HMeeT: BbIKJIJO'IaTeJIb; TIepeKJIJO'IaTeJIb ):lHaTIa30Ha 

, '1aCTOT xl, xl O, x100, KOTOPbIH TI03BOJlSleT. H3MeHSlTb '1aCTo1)' KOJIe6~HHH B 10 H 

.100 paa; pysxy H mxany TIJlaBHOHHaCTpoHKH reneparopa, IIeHa ):leJIeHIDI 3TOH 

WKaJIhI 3aBHCHT OT TIepeKJIJOqaTeJlSl ):lHaTIa30HOB; perynaropsr BeJIH'IHHhI 

BbIXO,nHOro HaTIpSl)J(eHIDI. 

113MepeHHe CKOpOCTH 3ByKa MO)J(HO nponaaonars, .!J:06HBaSlCb pe30HaHCa, 

JIH60 H3MeHeHHeM MHHhI TPy6hI TIpH nocTOSIHHOH '1aCTOTe, JIH60 MeHSISI '1acTOTY 

TIpH tPHKCHpOBaHHOH MHHe Tpy6bI. 

e30HaHCHaH Tpy6a 

nnr....':.......• ...... bIH WTOK
 

PHc.24 

110PSl,AOK BbITIOJIHeHIDI pa60TbI
 

)laeTCSI nsa sapaaara BbITIOJIHeHHSI pa60TbI:
 

A - H3MeHSleTCSI MHHa rpy6bI.
 

I.	 BKJIJO'IaeTCSI f3, TIepeKJIJO'IaTeJIeM ):lHaTIa30HOB H pyqKOH TIJIaBHOH 

HacTpoHKH yCTaHaBJIHBaeTCSI peKoMeH~eMaH '1aCTOTa 3ByKa B 06JIaCTH 
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._-.~ , 

1300-2000 I'u, PeryJUITOpaMH BhIXO.ZUIOro HanpjDKeHIDI CJIe~eT yCTaHoBHTb 

MHHHMaJIbHO CJIbIllIHMyro rpOMKOCTh asyxa. 
2.	 YCTaHoBHTb MHHHMaJIbHyro .n;JIHHY rpyfisr, npansaays nopiueas BnJIOTHyro 

K rpovxorosoparenro, 3aTeM, Me,l{JleHHO YBeJIHqHBaJI MHHY rpytisr, CJIeilHTb 

sa H3MeHeHHeM rpOMKOCTH 3ByKa H 3anHChIBaTb nOJImKeFlHR nopums, npa 
KOTOPbIX rpOMKOCTb 3ByKa MaKCHMaJIbHa. Ilocne roro, KaK nonyseno He 

MeHee 5+6 MaKCHMyMoB, BJ.(BHraJI nopmeas B rpy6y, nano YTOqHHTb 

nOJIO)f(eHHe MaKcHMyMOB H 3aHeCTH nonyseaaae naansre B rafin. 1. 

npHMeqaHHe: rpOMKOCTb 3Byxa MO)f(HO KOHTPOJIHpOBaTb He TOJIbKO CJIYXOM, 

HO H C nOMOlUbIO MHKpOtPOHa BHyrpH Tj?J6bI, HanpR)f(eHHe C KOTOpOro 

H3MepReTCR BOJIbTMeTpOM B3-25 (CM. pHc.24). 

Ta6JIHI.(a 1 

v±~v= ...± .. .rl.( 

I:"",,,peH.. I I;. MM A.i' MM ~i,MM (~if, MM 
2 Ilorpenraocrs 

H pe3YJIbTaT 

12 
~=S,l 

5 I 
i Cpezmee - ). = ... SI z= ... A.=2±~, M 

,UnHHa BOJIHhI pacCqHTbIBaeTCR no cPopMyJIe: A. =2(1. I -I..), qHCJIO
1 1+ 1 

nonysesnsrx A. aa ezraaany MeHbllIe qHCna MaKCHMYMOB. CKOpOCTb 3ByKa
1 

paCCqHTbIBaeTcR no $opMyJIe L? =AV~i no norpemaocrsv ~A H ~v 

paCCqHTbIBaIOT norpeumocrs ~v no 06lUHM rrpaaanasr orrpe.n;eJIeHHR 

norpennrocreit KOCBeHHbIX H3MepeHHH. 

B - H3MeHReTCR qaCTOTa 3ByKa 

I. K	 f3 rrOilKJ1IOqaeTCR rposrxoroaopareas, H3nyqarolUHH 3ByK B Tpy6y C 

rrOCTORHHOH ilJIHHOH I. BKJ1IOqaeTCll f3, nepexmosarens ilHanaJOHOB 

yCTaHaBJIHBaeTCR. BnOJIO)f(eHHe xl O, Ilnasao YBenHqHBaIOT xacrory OT 

MHHHMaJIbHOH ilO rrORBJIeHIDI nepsoro MaKCHMYMa, 3aTeM rpOMKOCTb 

YMeHbllIaIOT no MHHHMaJIbHOH. 3anHChIBaIOT xacrory nepsoro MaKCHMYMa. 

2.	 YBeJIHqHBaR sacrory reaeparopa, 3aIlliCbIBaIOT xacrory CJ1e.n;yIOIUHX rrRTH 

MaKcHMyMoB	 B Ta6J1.2. 

Ta6JIHI.(a 2 

I±M= ... ±... M 

IlorpemaocrsIN, "'M'peH"	 (du,j", H pe3YJIhTaT 
: v. Fu v~, - v, u" Mi' IdU" uk: L'/" 

du = SiS 

I Cpezmee 1----= - v = s,2 = ... v=..±., Mlc~ 
I ! --------L_~ I 

Pe30HaHCHbIe qaCTOTbI onpeileJ1RIOTCR H3 COOTHOllIeHHR: 

A (2k-1)v (2k-1)v1=(2k -1) ~ =---, T.e. V =_._-- (20) 

4 4vk k 41 
Cne.n;OBaTeJIbHO, paJHOCTH qaCTOT cocenaax pe30HaHCOB 

V 
v k rl-vk =. 21 

noCTORHHhI, H CKOpOCTb 3ByKa onpenenaercs TaK: 

v=2/(Vk+I-Vk ) · 

Do HaH.n;eHHoMy 3HaqeHHIO CKOpOCTH 3ByKa H ee norpeumocra nano 
paCCqHTaTb ,l{JlHHY BOJIHbI H ee norpenraocrs. 
DpHMeqaHHe: B 3TOH qaCTH pa60ThI illliI Ha)le)f(Horo orrpeneJ1eHHR qaCTOT 

pe30HaHcoB cne.llYeT npenBapHTeJ1bHO oueHHTb HX 3HaqeHHR WIR ilaHHOH I,. 
comaCHO \20./, nOnCTaBHB V ;:::340 Mlc, a 3aTeM yCTaHaBJIHBaTh 3TH qaCTOTbi Ha 

reHepaTope H H3MeJUlTb HX B He60J1bllIHX npenenax, n06HBaRCb pe30HaHCOB 

3BYKa. 
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