TonkbiHAAp

1. TonkpiHAap. Has3blK cMHyconaanabl AblbbiC TONKbIHbI. Kyma TONKbIHHbIH,
TeHAaeyi

2. TonkblHAApAbIH KabaTTacybl (MHTeppepeHumns). TYpFbiH TONKbIHAAP.

3. ®azanbiK *KblnaaMabIK

MexaHuUKanbIK He cepnimai TONKbIHAAP Aen cepnimai opTaaa TapanaTtbliH
MeXaHUKaNbIK Ko3ynapAabl (aepopmaumsanap) atangbl. Optara acep ete

OTbIPbIM, OCbl KO3yNapAbl TYAbIPYLbl AeHenep ToNKbIHAAPAbIH, Ke3i aen
aTanagpl.

DO blbbICTbIK HE aKYCTUKA/bIK TO/IKbIHAAP Aen MHTEHCUBTIANIr a3 cepnima,
TONKbIHAAPAbI, AFHWN cepnimAai opTaaa TapanaTbliH 9/1Ci3 MEXaHUKaNbIK,
KO3y/1apAbl aTanAapbl.

Cepnimai TONKbIHAAPAbIH, OpTaAa Tapasybl 3aTTblH, OPHbIH aybICTbIPYMEH
H6annaHbicTa emec. LLleKkci3 opTtaga on opta benikrepi TONKbIH Ke34epiHeH
HapFaH calblH anbicTan bepeTiH KafFganaa onapabl Markbypni
Tepbenictepre TapTyaaH Typaabl. MyHaa opTa Kypbl/ibiIMbl TO/IbIK OpPTa
peTiHAe KapacTblpblaaabl.



Cepnimai TonkbiH 60UABIK Aen aTanaabl, erep opta benweKkTepi TONKbIHHbIH
Tapany bafbiTbiHAA TepbeneTiH 6onca. bonnbIK TONKbIHAAP cepnimAa,i
OPTaHbIH Kenemaik gepopmaumnacbimeH 6amMNaHbICTbl, COHAbIKTAaH Ke3 KereH
opTaAa — KaTTbl, CYWbIK, ra3 Topi3Aai — Tapana anaabl. MyHaam
TONKbIHAAPAbIH, MbICa/ibl PETiHAE ayaaafbl AblObIC TONKbIHAAPbIH anUTyFa
6onaabl.
Cepnimai gedpopmauyma. DopmaHblH cepnimainiri. Kenemaik cepnimainik.
Cepnimai TONKbIH KenaeHeH, Aen atanajpl, erep, opta beswweri TONKbIHHbIH,
Tapany bafbITbiHA NEPNEHANKYNAP XKa3bIKTbIKTapaa Tepbence. KengeHeH,
TONIKbIHAAP cepniMmAi OpTaHbIH, bifbicy AedpopmaumsacbimeH 6annaHbICTbI,
Aemek, Tek dopmachl cepnimai optaga faHa, AFHU KaTTbl AeHenepae namnaa
6onbin, Tapana anaapl.

EpeKiue opbiHAbI CYMbIKTbIH epKiH b6eTi bonbimeH TapanaTbiH 6eTTiK
TONKbIHAAP anaapbl, byn 6eTTiH KO3ybl CbIPTKbl 9CEPAiH, KyLWiMeH
TybIHAAWAbI.

Cepnimai TO/IKbIH CUHYCcOMAANADbI, HEMece rAapMOHUANDI AeniHeai, erep
TUiCiHLWe, opTa benwekTepiHiH Tepbenictepi rapmoHusanbl bonca. byn
TepbenectepaiH, XuUiniri TONKbIHHDbIH, XUiAiri gen atanagbl.



OpTaHblH, XeKkenereH benikTepiHiH, opTaHbl bonnan, Kancoibip benrini
XKblNAaMAbIKNEH TapanyLlbl FAPMOHUANBIK KO3FabiCbl FAPMOHUANDBIK Kyma
TONKbIH Aen aTtanagpbl.

MexaHuKanbIK Ko3ynap (aebopmaumanap) cepnimai optaga v askKbl
XblNAamMAabIFbIMEH Tapanaabi.

TonKbIHADBIK 6eT Hemece ToNKbIH PPOHTDbI AereHimi3 Tepbenictep dpasachl
TYpa CON MaHre ne 601aTbiH HYKTENEepAiH reOMEeTPUANbIK OPHbI.

TONKbIH ¥a3blK, AeniHeai, erep oHblH TONKbIHAbBIK 6eTTepi bip bipiHe
napannengi *KasblkTapablH, KUblIHTbIFbl 60N KeneTiH 6onca. Ox eciH 6onnan
TapanyLlbl Xa3blK TO/IKbIHAA OpPTaHbIH, TEPOENiCTi KO3FaNbICbIH cMNATTayLWbl -
H, 6ap/ibiK LWamanapbl OPTaHbIH KapacTbipblayLlbl M HYKTECIHiH, X
KoopAMHATacbl MeH YaKbITKa faHa Tayenai 6onaabl. OHaa M HyKTeciHAaeri
Tepbenictep KOOp,EI,I/IHaTaHbIH, bacbiHaafbl TepbenictepaeH TeK KaHa yaKbIT
6oMbIMeH 7 = -Fa XbI/DKbITbIIFaHAbIFbIMEH epeKLlenieHeai, MyHaa v —
TONKbIH )Kblﬂ,ﬂ,aMLI,blFbl. CoHablKTaH, Ox eciHiH, oH 6afbITbIH boMnan
Tapanylbl }a3blK TOAKbIHAA Y @—gj alblpMacbIHbIH, PYHKUMACLI 6onbIn
caHanaabl, onam 60aca, MyHAalM ¥as3blK TONKbIHHbIH TeHAEeYi MbiHa Typre ue:

y(x t)= f(t—fj (173)

\'



*as3bIK cuHyconaanabl Abibbic TONKbIHbI. Kyma TONKbIH TeHAeYi.

Kybbipfa KamanfaH ayaZa Tapanylbl XXaHe Tepbenyui nopeHbMeH
¥Kacanylbl TONKbIH — ¥a3blK, AblObICTbIK TO/IKbIHHbIH, KOpPiHiCiH bepega,.
[MopLleHb y,(t)=acoswt FapMOHMANBIK TepbeniciH KacacblH aenik. OHAa,
NOpPLUEHFa XaKblH OpPHANACKaH ra3 besnweKkTepi Typa NOpLIEHb XKblXKbIFaH4a M
XblXKyAa 60naabl XKaHe NopLIeHHAH CUHYCONAANAbI Ka3blK TONKbIHAAP
Tapanagpbl.

Byn 6enwekTepaiH, KblKy TepbenictepiH 6blnanla ¥Ka3bin KepceTtyre
6onaabl:

y(% t)= acosw(t — ) = acos[wt —¥] (174)

Byn — 3Ka3blK cMHYcOMAaanabl Kyma TONKbIHHbIH, TeHAeYi; 0N Ke3 KenreH t
YaKbIT Me3eTi YLWiH ra3 6enwweriHiH, Tene-TeHaiK *KafaanblHaH aybITKUTbIHbIH
KepceTteni. bapablK 6esleKkTep  aMNAUTYAACbI }KoHE W XHUinirimeH
rapmoHusanbl Tepbenictep *Kacamabl, bipaK apTypai X KOOpAMHATACbIHA Ne
benwekTepaiH Tepbenic pasacbl SpKMbI.

T T
Kyma cuHycomnaanabl TONKbIHHbIH 6ap/ibIK HYKTENEPIiHIH, t= 4 2w MeseTiHgeri

XblKyNapbl rpaduri 17 cypeTte KepceTinreH (a — bifbicy, 6 — TbIfbI3AbIK, B —
XblngamaplK).
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BGI'ILUEI-(Tep KbiNaaMAblIKTAaPblIHbIH TO/IKbIHblI MblHa TYpPre ne:

v(x,t)=%=—awsin(wt—¥) (175)

Byn TONKbIHHbIH, t Me3eTiHAeri XKblaaMAabIKTapbiHbIH, rpaduri 17 cypetrte
KepceTinreH.

bip 6ipimeH dpasapa Tepbenicke TYCETIH eKi eH, *KaKblH HYKTenepaiH
apacblHAaFbl KAlLbIKTbIK TO/IKbIH Y3bIHADbIFbI A Aen atanagpl. bip 6ipiHeH s

KalLbIKTbIKTa OPHA/aCKaH HYKTenepaiH tepbenictepi dasanapbiHbIH,

al;’lblprMbI MblHAfaH TEH,:
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2 .
MyHaa T = X en Hycounaanabl TONKbIHAAFbI HYKTENEPAiH rapMOHUAbIK,

TepbenicTepiHiH nepmnoabl. OHAa da3aga TepbenyLi eH, *KaKblH, HYKTenep 2z
TeH, 6onaTbiH da3anap amblpmacbiHa ne bonaabl, Hemece

_Zﬂ_wﬁ 2 A (177)
O v vT
OcbiaaH Kenin TONKbIH Y3blHAbIFbI
(178)
A=VvT

Kepin oTbipFaHbIMbI34al, TONKbIH Y3bIHAbIFbl TONKbIHHbIH, T Tepbenictep
nepuoabl iWiHAEe 6TeTiH *KOblHA TEH.

TonkbiHAapAbIH Kabatracybl (MHTepdepeHuua). TypFbiH TOAKbIHAAP.
Benrini 6ip Xafoanga eki (Hemece bipHelwe) TONKbIHAbI KO3Fa/ibICTapAbIH
KabaTtTacy Kybbiibicbl UHTepdepeHUuuna aen atanaabl.

Kybblpaarbl eKi AblObICTbl TONKbIHHbIH, UHTEPPEPEHUMACHIH KapacTblipambiK.
HanKbl XKblAXKYNaAp TONKbIHbI X ©CiHIH, OH, 6aFbITbIMEH Tapanaabl XKaHe
Oblnaniia aHbIKTa/CbIH AiK:

y, = acosw(t —ij
v



a1 eKiHWicCi

y, =D cosw(t + éj

GipiHWwiciHe Kapcbl Tapanyaa. EKiHWI y, TOAKbIHABI KalaHAa eKi Kyma
TO/IKbIHHbIH, KOCbIHAbICbI Aen KapacTblpyfa 60naabl, aTan anTkaHaa:

Y, = acosw(t + éj +(b - a)cosw(t + sj

OHAa y(x, t) KOPbITKbl TONIKbIHADIK KO3Fa/biC €Ki 6eniMmHeH Typabl: TYPFbiH

TOKblIHHAH

W X
2ac0os——coswt
Y}

KOHE KYMa TONKbIHHAH
X
(b— a)cosw(t + —j
v

b=a 6onfaHaa, AfHKN bip BipiHe Kapama-Kapcbl 6aFbITTafbl €Ki XKyripme
TONKbIHAAP Bipaen amnanTyganapra ne 6oafaH Kesae KopbITKbl TONKbIHABIK
KO3fa/biC TYPFbIH TONKbIH 60n1aapbl.

HKbIIKyNapablH TYPFbIH TONKbIHbIHBIH, TYRiHAEPI. KblaxKynapabiH TYPFbIH
TO/NIKbIHbIHbIH, LUOKTAPbI.



®da3zanbiK XKbingamabliK. CUHyconaanbiK TONKbIHHBIH, V Tapaay Xbl14aMAabIfbl
dasanblK KbiagamabliK gen atanagbl. On cMHyconaanabl TONKbIH
$a3acbIHbIH KE€3 Ke/IreH KeCciMmzii MoHiHE COMKEC KeNeTiH KeHiCTiKTe OpblH
aybICTbIPpFaH 6eT HYKTeNepiHiH XblNaaMAabIFbIHA TEH,

Mbicanbl, *Ka3blK CUHYCcOMAANAbl TONKbIHFA BalinaHbICTbl Wt —K X = const
LWAPTbIHAH LWbIFaTbIHbI: dX W _y

dt k

MYHAAQ kK — TONKbIHAbIK CaH:



Mopaynb YLiH CTyaeHTTepAiH 63aiK Xymbicbl (COXK)
1. Abibbic TabufaTbl. [AblObIC }KblNAAMAbIFbI }KOHE OHbI 6J1LLEY.
YnbTpaabiObiC })KaHe OHbIH, KO/1AaHbIYbI.



