MaremaTukara MXTUCOCJIANITaH aKAAeMHUK Juueilsiapaa “JpKuH Ba
MakOypuid TeOpaHMII 3JIEMEHTJIAPU HU YKUTHII TEXHOJIOTUSICH

2.0. lllapunos.
Kapwiu myxanouciuk ukmucoouém uncmumymu Kamma YKUmyeuucu.

AHHOTaNuA

[Iemaroruk TEXHOJIOrMS TaMOWHWIUIAPU acoCHJla VYKYB MAIUFYJOTUHH JIOMHMXAJIAIIA
“JlacTmamka” MOJEIM OpKaIM amaira omupwiaaurad 1-7 Basudamap KeITHPUIUO,
WYHANTUPUITaH MaTH KEATUPUIITaH.

Uynantnpwiran  Mataga  mactia6  x"(t)+bx/'(t)+ o’x(t)=0 (b,—const)  myxur
KapIIMJIUTU MaBXyJ OYiaranjaa SpkuH TeOpaHUIIap TeHIJIaMacu Ba x”(t)+ ° X(t) =0, Xx= X(t)
2apMOHUK daccuiaimop TEHIJIaMacu €KUM IOKra MYyXUT KapUIWIMTH OyiamaraHuja  3pKUH
TeOpaHUIIap TEHITIAMACUHUHT YMYMHH €4UMU KYPUHUIIU X(t): C,cosat +C, sinot maknga
9KAHJIUTU UCOOTIIaHTaH.

lyHnan CYHr MyXdT KapIIMJIMTH MaBxkyJ OyiaraHiaa x"(t)+ * X(t)z ACOS(Qt + ,B)
TEHITIAMAaHUHT YMYMUM €YMMH SPKUH TEOpaHUIIUIAp TEHIVIAMACHHUHT YMYMUW €4YUMH OWIIaH

TEHIJIaMaHUHT OMp J0Ha Xycycuil eunMujaH ubopar. By Oup noHa Xycycuil €4MMHHU SpKUH
TeOpaHuIUIap TEHIJIaAMAaCUHUHT YMYMUH €4MMMJIAard UXTUEPUM Y3rapmaciapHU BapuaTLusIall

ycynu Ousnan Kt_) =C, (t)cos at+C, (t)sin ot XyCyCHil €4UM aHMKJIAHTaH.

MaremaTtukaaH WXTHCOCIAIITaH akaJeMHUK Juieinapaa auddepeHunan TeHrliaMmanap
JIEMEHTJIAPUHU YKUTHIIIA aMaIiid TaAOWKIapu OWIaH OWprajivkaa MaTeMaTHK KaThUIIMKKA
xaMm bpTHO0p Oepuin makcaara MmyBopukaup. Illy myHocabaT Omian Kyinna KenTHpUIaJIuraH
MyJIOXa3aJJapHU MaTeMaTHKara MXTHCOCJHAIlraH JIMUeHd YKUTYBUWIApH Y4yH (oiaanuaup.
[lenaroruk TEXHOJIOTMSI TaMOMMWILIApU acoculia YKyB MAlIFyJIOTHHM JIOMUXalalljga KyWujaaru
Bazudanapan  “Jlactramxka” MOACTH OPKAIH aMalira OIIMPUIITHH _
KeJITUpaMu3:

1. Knuuk Moxysutap, yJapHUHT OJAUTa KyWHIITaH Makcaiap

Ba yJIapra a)XxpaTuJraH BakT.

2. TasgH4 TylIyHuYajap Ba yjaap acoCHJIary Ha30paT caBOJUIapH

3. dapc Typyiapu Ba TUILIapH

4. Kynnanunaaura ycyi Ba yciyomnap

5. @oligananunaaurad axo00poT TEXHOIOTUSIIIAPH

6. JluakTuk Marepuaiiap

7. IyHanTHpwITal MaTH 8KU JJapc CeHApHIiCH
MyHanTupunran MaTH

yanagmaafuran

-

Knanx monyanap,
YI4PHHET 0NAHTS
Kyilnnran Makcagnap
% o} BayIApra axparTearan
BAKT

Yuby
x"(t)+bx'(t)+ @’x(t)=0 (b, »—const)
UKKUHYMA TapTUONM YM3UKIM Oup >KMHCIM Jud¢epeHnuan TeHrylamMa €K IOKra MYyXHT
KapLIWIATH MaBXyJ OYIrania spkun meopanuuiiap TEHIIaMacu AeHUIaam.

x"(t)+ o’x(t)=0, x=x(t) (1)
2APMOHUK acCUNAmMop TEHTIamMacu €KM IOKra MYXHUT KapIIMIUrd OYiamaraHujga  SpKHH
TeOpaHuIIap TeHrIaMacu Aevnnaan.OcCoOHTMHa TEeKIHUPUO KYPHUII MyYMKHUHKH, yIIOY

x(t) = C, cos at + C, sin at )
bynxmus nxtuépuit C,,C, y3rapmacnap yuyH (1) auddepennman TeHrmaMaHIHT (— oo,+oo)11a
aHMKJIAHTaH eunuMuaup. by epaa mynu sptipod staiinukku, X(t) Ba yHuHT Xocunacu X (t) maH
TY3WITaH:



{x(t):C1 cos at +C, sin ot @)
X'(t) = —@C, sin wt + &C, cos wt
cucremanaru C, Ba C, mapuu Xx(t) Ba yHuHT Xocmiacu X'(t) OpKaiu TONUII MyMKHH.
Xakukataan xam, (3) cucremaman
C, = x(t)cos at — 1 X'(t)sin ot
7 @

C, = x(t)sin et + L x'(t)cos ot
(9

JKAHJIMTU KEJIUO YUKAIIH.

Kymaa: (2) popmyna (1) nuddepeHinan TeHrIIaMaHHHT 6apya eduMIIap MaXXMyacHHH
(ymymuii eanmMuHn) udomananm.

Hcoor. Uxtuépuit ysrapmacnap C,,C,na (2) popmyna (1) TeHrnmamaHuHr (— oo,+oo)
OpaMKIa aHUKJIAHTaH €YMMH SKAHIIUTU IOKOpUIa 35TUPOod STiau. uau (1) TeHrmaMaHnuHr Xap
KaHgail euynmu (2) KypuHUIIIA OYIUIIMHA UCOOTIIAWMU3. X = X(t) ¢bysakus (1) TeHrIaMaHuHT
uxTuépuil eyumu OyicuH.Y xonaa

x"(t)+ @?x(t)=0 (5)
TEHIJIAMAaHU KaHOTJIaHTHpanu.(4) cucteManan KeinuO 4yuKuo, ymoy
o,(t) = x(t)cos ot — L x'(t)sin ot
0]
. 1 (6)
@, (t) = x(t)sin ot + - x'(t)cos et

épnamun QyHKUUSTIAPHA KUPUTAMU3. YIIapHHU XOCUJIAIApPHHH XUCOOIaiMHU3:

@, (t) = X'(t)cos awt — ax(t)sin wt — 1 X"(t)sin et — x'(t)cos wt
w

@, (t) = x'(t)sin wt + wx(t )cos wt + 1 X"(t)cos et — x'(t)sin et
w

ux4yamiialia HaTuxXacuja.
(5)
ol(t) = _l(x'f(t)+ 0*x(t))sin wt =0
w

(x” )+ @’ X(t )coswt(i)o

o (t) ( ) 0 Oynranmuru yayH ¢, (t) l,goz( ) C,, seHN  (4) cucrema Xocui Oymaau.
(4) cucremaman X= x(t) GyHKIUSHU Tomamu3. ByHUHTI ydyH CHUCTEMaHMHI  OUpPHUHYHU
TEHIJIAaMacuHH COS@t ra WKKHMHYM TEHIJIamMacuHu Sinwt ra kymadTupuO TeHrIaManapHu
kymcax  X(t)cos? et +sin? at)=C, cosat +C,sinet  &xu  x(t)=C, coset+C,sinet ora
oynamu3. [lemak, (1) TeHrmamaHuHr xap Kangai eunmu (2) kypunumiga udonananaau. Kymmia
UCcOOTIaHIN.

Oumu uxtuépuil y3rapmacinapHuHr ypaura C, =asing,C, =acosa wmyHocabatiap
opKaiM OofNlaHTraH sSHTU UXTHEpHU a>0Ba « ¥y3rapmacmapHu kuputamms. aBa o yap C, Ba
C, opkanu kyiunaruda udopanaHanu:

C
=C +CZ tga=—>
1 2 g C

2
C, Ba C, uuHTr ndpomanapunu (2) TEHIIHUKKA KYSIMH3:

x(t) = asin & cos et + acos asin at = asin(at + a) 7



By ¢opmyna (1) TeHrnmamaHm yMyMHH €YMMH, IOK COJa JaBpPHH XapakarT KWIaéTraHHHU
. . 2
kypcatanu. by Xxapakar eapmonux mebpanuw nevivnanu. TeOpanuin gaBpu T = — ra TEH.

w
XaKuKaTIaH:

x(t iz—ﬂj = asin(a{t J_rz—”j + aj = asin(at + o + 27) = asin(ot + a) = x(t)

w ()

® KaTTaTuK TeOPaHUIIHUHT Xycycuul yacmomacy, a KaTTaIUK IOKHUHT MyBO3aHAT XOJaTHUIaH
9HT KaTTa YETVIAHWIIHW OWIANpaau Ba TEOpaHUII amniumyodacu JEHWIamu. o Oowianauy
¢aza nerinnany.
OHIU MyXUT KApIIMJIUTH MaBxKyA OYiMaraH OMpPOK IOKKAa TallKy JaBpHUil KY3raTyBud
f (t) = ACOS(Qt + ﬂ) Kyd TabCHUp OJTaauraH XoJiHH Kapaiimu3. bynma A>0,QQ>0 Ba
[ —uxtuépuii y3rapmac. by xosga xapakaT TeHIJIaMacu
x"(t)+ @*x(t) = Acos(Qt + ) (8)
KypuHumga 6ynaaun. MabsinymMku, Oy TEHTJIaMaHUHT YMYMHNA edUMH OUp KUHCIH OynMaraH (8)

TEHIJIAMaHUHT Xycycuil euumu X(t) Omman moc Oup sxuHCcnu (1) TeHrIaMaHUHT YMYMHNA €4UMH
X(t) HUFUHAMCUTA TEHT,IbHU

X (t) = x(t)+ x{t) 9)
by X (t) Ba X ”(t) napHH (8) TeHryamara Kyiuo rypyxjiacaxk,

[v(t)+ 0?x(@)]+ ") + 0? X(t)| = Acos(@t + )

bynnan x”(t)+ a)zx(t)zo Oy TeHriamaHuHr ymymui eunmu (2) dopmyna €ku (7) GyHKums
Ouan H(i)OI[aJIaHFaH.@ XyCyCHl €YMMHHU TONHII Y4YyH (2) naru UXTUEpUN y3rapMaciapHU
y3rapyBun 1eb hapa3 Kuaamus:

x(t) = C,(t)cos at + C, (t)sin et (10)
X"(t) HE XHCOOTANMU3:
X(€)=C, (t)cosat +C, (t)sin et — o, (t)sin ot + wC, (t)cos at (11)
C, (t) Ba C, (t) HOMaBJIYM (DYHKIFSUTAPHU TOIHII YIYH
C, (t)cosat +C, (t)sin cwt =0 (12)

IAPTHU KUpUTaMK3. Y X0JIj1a OUPUHYM TapTHOIM XOCHIIA
x'(t) = —wC,(t)sin et + «C, (t)cos at
HUKKHWHYHU TapTI/I6HI/I xXocujiiacu:

X(t) = —aC, (t)sin wt + «C, (t)cos at — w?C, (t)cos wt — ?C, (t)sin et (13)
ra Tenr 0ymaau.(10) Ba (13) napuu

x"(t)+ @?x(t) = Acos(Qt + 3) (14)
TeHTJIamara Kynuo,
—aC, (t)sinat + @C, (t)cos et = Acos(Qt + 3) (15)

(12) Ba (15) napHu OGupranvkaa e4amus:
C, (t)cos awt +C, (t)sinat =0
—aC, (t)sinat + wC, (t)cos wt = Acos(Qt + )
CucTeMaHUHT OMPUHYM TCHIVIAMAaCHMHU @COS ik ra, UKKUHYU TEHIJIaMacuHu Sinawt ra

! A .
KymaiTupu6 aitupmica, C, (t) =——Sinwt Cos(Qt + ﬁ). Xynaau nryHaal CuCTEeMaHUHT  OMpPUHYHU
w



TEHTJIaMacuHu @SNt Ta, WKKUHYM TEHIJIAMaCHHU CoOSat kymalTupuO® Kyuicak

C2' (t)= A cos wt cos(Qt + ) mapuu Toramus. Bynapru HHTerpainab
1)
C.(t) = —2 [sin at cos(@t + )it = - ZA [sin(@+ o)+ p)-sin(@-w) + B)kit (16)
1) 1)

C,(t)= 2 j cos awt cos(Qt + £)dt = % j [cos(Q+ )t + B)+cos(Q-w)t+ B)ldt  (17)

Bynna |@ #|Q 1e6 unterpamnam amanu 6axapuiazim.

A A
Cl(t)=mCOS«Q‘Fa)){+ﬂ)—mCOS((Q—C())t+ﬂ) (18)
A i A i
Cz(t):m5|n((ﬂ+a})t+ﬂ)+m5|n((g—a))t+IB) (19)
Bynapuu (10) ra yiiuo,

x(t)= {ﬁ cos((Q+ o)t + f)- mcos((gl — o)+ ﬂ)} cos ot +

A . . . ..
{msm«m ol + f)+ in@-oxs ﬁ)}.n o o

20(Q -
X(0)= 2 cos(ct + ) (20)
o —Q
(7) Ba (20) napuu (9) ra kyiiu0, (8) TeHrIaMaHUHT YMYMUN €UUMU XOCUIT OYIaan.
X (t) = x(t)+x(t) = asin(a)t+a)++92cos(ﬁt+ﬂ) (21)
a) p—

Arap Tamkuy Ky3FaTyBUM KYYHHHI () 4acToTacu IMpYyXHHA TeOpaHUIJIAPHUHT XYCyCUM

YacToTacH @ Ta AKMH Oynca, y xomma o° —Q° aifupma HoONra SKMH OYIMIIM Ba TeOpaHMII
aMIUTUTY1aCh KECKUH OPTHUIIM KenuO unkaau. bynnait xonma pesonanc pyi 6epnu nerdunaim.

Arap |a)| = |Q| 6yinca, (21) popmynanan doinananub 6ynMaiian.y xomnna Kyiuaaru XoulapHu

Kapaimmus.
a) Q=—-w Oynca
x"(t)+ o*x(t) = Acos( — at) (22)

TeHrnama xocui 6yanu. (16) Ba (17) TeHrnukiIapaan

C,(t)= _L; ['sinatcos(—at-+ Bt :_% [lsin g—sin(8 — 24 )it

C,(t)= 2 [ cos ot cos(— et + B)dt = % [[cos B+cos(B— 2t )t

OyHIaH:
A, . A
C,(t) = —=—tsin B+——cos(B - 2at) (23)
20 4o
A A .
C,(t)=——tcos B———sin(B - 2at) (24)
20 4w
Bynapuu (10)ra xyiiuo0,
x(t) = (_ A tsin B+ A2 cos(8 - Zwt)jcos ot + [it cos 3 — AZ sin(4 - Zwt)] x
2w 4w 2w 4o

x sin at ZAtSin(a)t—ﬁ)-l- A2 cos(at - ) (25)
20 4o



(22) TeHrmamMaHUHI XyCyCHM €UMMUHHU aHUKJIaiau. XyCycud €4MMM SKAaHJIUTMHM OCOHTMHA
KYpcaTUIl MyMKHUH. (22) TEHIJIaMaHUHT yMyMui eunmu (7) Ba (25) mapHUHT WUFUHIAMCHIAH
nuodopar.

X (t) = x(t)+ X(t) = asin(a)t+a)+%tsin(cot— p)es

Az COS(a)t - ﬂ)
)

0) Q= w Oynca
x"(t)+ @*x(t) = Acos(S + at) (26)
TeHrama xocwi 0yamu. (16) Ba (17) TeHrmukiIapaan
C,(t)= —Aj[sin(Zwt + f3)—sin Bldt = Atsin,BJr A2 cos(2at + ) (27)
20 20 4o
C,(t)= AJ.[COS(Za)t + 3)+cos Sldt = A tcos B+ A2 sin(2at + ) (28)
20 20 0
Bynapuu (10)ra yituo,
A, . A A A .
x(t)= (—tsm B+——cos(B+ Zwt)jcos wt + (—t cos 3 +——sin(B + Zcot)j x
20 4o 20 4o
. A, . A
x sin ot = —tsin(wt + B)+— cos(at + ) (29)
20 4w

(26) TeHrnamMaHMHT XyCYCHil €YMMHUHM aHUKIaiau. (26) TeHrinamMaHuHr ymymuid edumu (7) Ba
(29) napuuHr HUFUHAXCUIAH HOOPAT.

X (t) = x(t)+ x{@) = asin(et +a)+%tsin(a)t L B)+

A cos(at + )

a)Z
XOCHJT KMJTHHATH.
B) Arap Q = w 06¥yca (26) TeHIIaMaHu XyCYCHI €UNMH

x(t) = (c, cos ax +c, sin et (30)
KS'/pI/IHI/IHIL[arI/I Cl Ba CZ HOMabJIyM KO:)(bI/II_[eHTJIap OpKaJIk XaM HU3Jiall MYMKHH.

X'(t) = ¢, cos wt + ¢, sin at + w(— ¢, sin wt + ¢, cos wt (31)
X"(t) = —ec, Sin at + ac, cos at — ac, sin at + ac, cos et +ta® (— ¢, cos wt — ¢, sin wt) (32)

(30) Ba (32) napHu (26) ra xyiuo0,

i A
¢, sin it —C, cos ot = ———~ cos(wt + f3)éxu
w

. A A . :
¢, sinat —C, cos wt = ———Cos S cos wt + —sin Fsin ot
20 20

A
By aliHusaTHM Gaxkapunuiu ydyH: ¢, = —SIn f#,C, = —Co0s
20 20
Bynapuu (30) ra xyiiuica,

x(t)= itsin(a)t +13)
20

XyCycHi eyumra sra 0ynamus.
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