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TekcT JeKkuil
1. 3araJbHi NOHATTH.

Jlotemep MU po3MNIAJaNM  CTaTHUHY  JiIO
HABaHTa)XeHb, OCHOBHOIO O3HAKOIO SIKOi € BIACYTHICTh
MIPUCKOPEHB y HaBaHTakeHoMY Tiii. Lle OyBa Toai, Koau

Ns=0y  HaBaHTaXEHHS 3pOCTAa€ TMOBUIHLHO 1 OE3MepepBHO BiA
ml!l n m! n HYJISI JIO CBOTO KIHIIEBOIO 3HAYEHHS 1 TMIOTIM HeE
3MmiHOeThCA. [IBUaKICTE 3pocTanHs Aedopmaliii y Tl
HEBEJIMKAa, MPHUCKOPEHHS HE3HAauyHI 1 HUMH MOXHa
HexTyBath. [Ipu cTaTMYHOMY HaBaHTaXXEHHI TuIa

G G 30BHIIIIHI CUJIM 3PIBHOBAXKYIOTHCS PEAKIIsIMU B’SI31B Ta
G, %a BHYTpilHIMH cwiiamu. Konv % mpu HaBaHTa)XEHH1 Tiia
’ BUHUKAIOTh TaKi MPUCKOPECHHS, SKUMH HEXTYBaTH HE
Puc.10.1. MOJIMBO, HABAHTAKCHHS Ha3UBAETHCS TUHAMIYHUM.

SAx HaM BIIOMO 3 TEOPETHUYHOI MEXaHIKH,
pPO3B’sI3aHHS 3a7a4 JAUHAMIKM y OaraTbOX BHIMAJAKax Ha MIACTaBl NPUHIUITY
JlanamGepa MO>KHa 3BECTH J0 PO3B’sI3aHHS BIAMOBIAHUX 3ajay cTaTuku. Lleit metox
HA3WBAETHCS KIHETOCTATUKOI. METoI Toiarae B TOMy, IO 3ajJa49a PO pyX TiJia i
J€10 TPUKIIAJICHUX JI0 HBOTO CHJI 3BOJMTRCS JI0 3a7a4i PO HOro piBHOBATY i J1€10
THUX CaMHUX CHJI 3 NMPUETHAHHAM 10 HUX cuiI 1HepIli. OTke, JiHaMIYHUN pO3paxyHOK
BU3HAYCHHS JAMHAMIYHUX peEaKiliil 3BOAUTHCA (HOPMAIBHO 10 PO3PaxXyHKy Ha
CTaTUYHE HABAaHTa)KCHHS.

Aximo npuckopeHHs i Aedopmailii Tijia 3MIHIOIOTBCSA 32 9acOM, TO BUHUKAIOTh
KOJIMBaHHS MPYKHUX CHUCTEM. 3a MEBHUX YMOB IIPH KOJMBAHHSX MOYXE BUHUKHYTH
SIBUIIIE PE30HAHCY, 0 CYMPOBOKYETHCS PI3KUM 3POCTAHHSIM aMILTITYIH KOJUBAHb 1
HaIpy>KEHb y TIJII.

Okpemuii BHUMAJAOK JUHAMIYHMX HAaBaHTaXEHb — 1€ TakK 3BaHl yJapHi
HABAHTAKCHHS, TPH SKUX 33 KOPOTKUHA TPOMDKOK Yacy BUHHKAIOTH YK€ BEJHKI
MIPUCKOPCHHS.

2. BuzHaueHHsI HANPY:KeHb NMPHU PiBHONPHUCKOPEHOMY PYCi.

Y OaraThoX BHMAAKaX TMPUCKOPEHHS, 3 SKUMH PYyXalThCs E€JIEMEHTHU
KOHCTPYKIIiH, Bilomi. JIMHaAMIYHI HaNpyKEHHS B IIMX BUIAJIKaX OOYUCIIOIOTHCS 0e3
yTpyAHEHb. PO3MIIsIHEMO NesKl MPUKIIaIH.

Ipukaaa 10.1. Bantax Baroro G miAHIMAETHCA YBEpPX 3 MPHUCKOPECHHSIM a
(puc.10.1). BuzHaunuTu Hanpy>XEHHs B KaHaT1, HEXTYIOYH HOT0 Baroxo.

Po3B’sizanns. [IpukiamaeMo 10 BaHTaxXy CHITy 1HEpIIii, sika JopiBHIOE mad=Ga/(
1 HampsmJIeHa YHHM3. 3aCTOCOBYEMO MeToJa TmepepidiB. PoOumo mepepiz m-n i
BIJIKUJITAEMO BEPXHIO YaCTUHY KaHaTa. 3yCWJUIA Y KaHaTi mo3HauyuMo Ny (iHaekc d Bif
dinamie (adri.)-guHamMiuHui). Tak sK Hanpy»XEHHs MNPU LEHTPAIBHOMY POCTS3i




PIBHOMIPHO PO3MOJIIJIEH] MO Mepepizy, TO MOKEMO MPUUHATH, MO0 Ny=Gg4A, Jie Oq -
TUHAMIYHE HANPYXXEHHS, SKE MU BU3HAYa€MO; A — IUIOIIA MOMEPEYHOTO TMepepiszy

A a KaHarta.
| 1 | [IpoekTyroun yci CHJIM, B TOMY YHCHI 1
! r | CHIM IHepuUli, Ha BEpPTHKAIbHY  BICb,
| q-+qalg | OJIEPIKYEMO
| q+qalg | oyA-G-G =0,
IRERIRENRRINENNRENEY . :
AN 3BIAKH
| ' | T
| . Muax | CeT AT )T e
| 1 |
L((rmﬂ”mmﬂ | ne og=G/A - HanpyXeHHS TIpHU
cTaTUYHIA 1ii BaHTaxXy (1HACKC St Bij statical
Puc.10.2 (anri.)-ctatnunnii); Kq=1+a/g - auHamiuHui
KOe(IIlIEHT.

TakuMm 4uWHOM, JUHAMIYHI HaIpPY>KEHHS
y 0ararbox BHMAJAKaX MOXYTh OYyTH BHpa)X€HI 4Yepe3 CTaTH4YHI HaNpyXeHHS 1
nuHaMivyHuM KoedimieHT. Lle ocobmmBO 3py4yHO, Tak K AMHAMIYHUN KOe(illi€eHT
YaCTO MPUXOJUTHCS BU3HAYATH JOCTITHUM HUIIXOM.

Ipuxaang 10.2. Ctepxens, Bara 1M JOBXKHUHU SKOTO AOPIBHIOE q, TAHIMAIOTH 32
JIOTIOMOTOI0  JIBOX BIPHOBOK, MpHB’si3aHuX A0 Horo kiHmiB (puc.10.2). Pyx
MOCTYNAIBHUHN 3 TPUCKOPEHHSAM . BU3HaUNTH HanpyKeHHS y CTEPIKHI.

Po3p’si3anHsl. [IpukiagaeMo 110 KOXKHOIO €JIE€MEHTa CTEPKHS JOBXKHHOIO,
piBHII OJIMHULIL, CHITy 1Hepuli qa/g. baunmo, 1o 1 3a7a4a eKBiBaJe€HTHA 3a/1a4l Mpo
npocty Oanky, HaBaHTAXEHY pIBHOMIPHO PO3MNOJIJIEHUM  HABaHTaXEHHSIM
IHTEHCUBHICTIO +qa/g.

Ha#iGinpimmii 3ruHaIbHUM MOMEHT OyJie y mepepisi mocepeauHi Oanku:

Ak 22
! aray I 2( a
My=>—32 9 11,2 M K,
A — 8 8 g
d ne Mg=ql’/8 - 3ruHanbHUI MOMEHT Bijx
r . . .
Ale—2 Z CTaTUYHOTO PIBHOMIPHOTO PO3IOIIICHOTO
w HaBaHTa- JKEHs IHTeHCHBHICTIO (; Kg=1+alg -
® N(z n(z JTUHAMIYHUHN KOe(IIl€HT.
— - — - — - —— . — | o e .
Haiibinpme JUHAMIYHE HaAIPYKCHHS
BU3HAYAETHCS 3a 3BUYAMHOIO (POPMYIIOIO 3THHY:
Puc. 10.3 M,
Gd = :GSI Kd .

X
Ipukaag 10.3. CrepkeHb 31 CTAJIO KYTOBOTO MIBUJKICTIO ® OO€pTAETHCS
HABKOJIO OCl, IEPIEHANKYIIPHOT 10 oci ctepxHs (prc.10.3). Busnauntu HanOiIbII
JTUHAMIYHI HaMPYKEHHS.
Po3p’sizanns. [Ipu obepToBOMy pyci 31 CTanor KYyTOBOTO IIBUIKICTIO TOYKH
CTEPIKHS 3a3HABATUMYTb JIMILE JOLEHTPOBOIO IPUCKOPEHHS an=W’Z , JIe Z - BiICTaHb




BiJl ocl oOepTaHHA A0 AaHOI TOYKHU. |[HTEHCHUBHICTh PIBHOMIPHO PO3MOMIICHUX CHI
iHepii p(z) (BIAIIEHTPOBUX CHUIT) JOPIBHIOBATHME:

p(z)=ma, = Apw’z,
Je M=Ap - Maca OJMHHUII JOBXKUHH CTEPXKHS; A - IUIOIIA MOIMEPEYHOro Mepepizy
CTEpPXHS; p - TYCTUHA MaTepiaxy CTepPKHsI.

[ToznosxHIO cuiy N(z) Bif aii cHT 1HEPIil 3HaXOMMO 3 YMOBH PIBHOBaru CHJ
(puc.10.4,0)

I | 1
N(z)= | Apw*zdz = Apw? [ zdz :—Apa)z(lz—zz).
2
z z
Ak BUIHO 3 OJIEpKAHOTO BHINEC BHUpa3y, BEIWYHMHA TI03JIOBKHBOI CHIIH
3MIHIOETBCA 32 MapaboJiyHUM 3aKOHOM 1 JOCsTae
MaKCHMaJIbHOTO 3HA4YeHHs Ha ocl oOepraHHs mpu z=0,

TOOTO
k=
< - < NmaX:N(Z:O)zéApa)ZIZ-
Y upoMy K 1mepepi3dl BHHHKAE MaKCHUMAalbHE
HaIpy>KE€HHA BiJ J1i CUJI 1HEpIIii:
N 1
Oy =—T% == ppp?|2,
m A TP
F -’ .’ rl
Puc. 10.4.

3. HanpyxeHHd i nepeMillieHHs NIPU yAapi.

YaapHuM Ha3MBA€ThCS HABAHTAKCHHA, SIKE TEPEAAETHCA HAa TIIO TPOTATOM
Iy’K€ Majloro MPOMDKKY 4acy 1 BUKJIMKAE 3HAYHI NPHUCKOPEHHS B TUTI, IO 3a3HA€
yaapy. Ilpu cmiBygapi HBOX TUI BHHHKAIOTh B 00JacTi iX KOHTaKTy MICIEBI
nedopmartii 1 HanpykeHHs. KpiMm Toro, B pe3ynbrari ymapy aedopmariii MBHIKO
MOILMPIOIOTHCS IO BCbOMY TLTY, 1110 3a3HAJIO YAapYy, 1 BUKIMKAIOTh HOTO KOJIMBAHHS.

Mu Oyzaemo po3riasfaTH JHIIE A0 YAApHOTO HAaBAaHTAXEHHS HAa CTEP>KHBOBI
€JIEeMEHTH KOHCTPYKIIi, MpU SKUX MicleBl aedopmairii 37e01IBIIOTO HE MAaloTh
ICTOTHOTO 3HAYEHHS 1 AJISl OLIHKU €EeKTy ynapy AOCUTh PO3IIISHYTH HANpY>XEHHS 1
nepeMileHHs, OB’ s13aH1 3 AedopMallisiMu BCiel KOHCTPYKIi. B 0oCHOBY po3B’si3aHHS
1i€i 3a7a41 MOKJIaAeH]1 TaKl IPUIMYIICHHS:

1) Ti70, IO yAapse€, pyXaeTbCcsi pa3oM 13 CTEPKHEM, L0 3a3HA€ yapy 10
HalOIBIIKMX AedopMalliil OCTaHHBOTO (TaK 3BAaHUM HANPYKEHUU yaap);

2) nedopmariii, 10 BUHUKAIOTH IPU yJapi, NOLIMPIOIOTHCS HA YBECh CTEPIKEHb,
NpUYOMY CHJIM 1 BIJNOBIJHI TEPEMIIIEHHS TMOB’s3aHl MPOMOPIIOHAIBHOIO
3anexHicTio ['yka;

3)cyMa KIHETHYHOI 1 NOTEHI[albHOI  €Heprii  CHCTEMH  TUIO-CTEPXKEHb
3aIIMIIAETRCS TPU yrapi cranoro. EHepriero, 3aTpadeHolo Ha MicleBi Aedopmaiiii,
MO’KHA HEXTYBaTH.

3anexHo Bi croco0y MPUKIAJaHHS HABAHTAXKEHHS 10 CTEP)KHS PO3PI3HAIOTH
MO3/0BXKHIH), MONEPEYHUH 1 KPYTHIBHUN yapH.



PosrisHemo mo3nmoBxHiN ynap. Hexaii Bantax F 3 Mmacoro m mamae 3 Bucotu h
Ha HepyxoMmuil crepkenb (puc. 10.4). Pobota, 110 BUKOHYETHCS Baroro Majgar0doro
BaHTaXYy,

W =F(h+Aly),

ne Alg - mepemimeHHs B TOUIl yaapy, siKe JOPIBHIOE HOTO CKOPOYCHHIO BiJT yaapy.
[ToTeHmianpHa eHepris Aedopmarliii mpu CTUCKY
2
U - B
2l
[TopiBHsIEMO pOOOTY TaJIal0YOr0 BaHTAXY 3 IMOTCHIIAIBHOIO EHEPri€lo

nedopmMmariii cTepkHs

2
F(h+Ah)::Eé$h,

abo
EAAIZ —2FIAl, —2FIh =0

[TopinuBim 0O6uAB1 YacTUHU PiBHAHHS Ha EA, onepxumMo

Az Fla, - Flon_o.
EA EA
Ane FI/EA=Al - ykopoueHHs CTEepiKHS B cTaTHYHO NpukiaaneHoi cum F. Toxi
AlF =2A1 Al =2IA4 =0

Po3B’s13aBIu 11e KBajpaTHEe PiBHAHHS BigHOCHO Alg , omepxyemo

AlZ = Al +,/AI2 +2hAl .

3ocTaBnAOYM 3HAK “rurtoc” (pimIeHHsS 31 3HAKOM “MIHYC” TIepea paJuKajoM
cyrnepeyuTs GI3MIHOMY CEHCY 3aj/1aul), OJIeP)KYEMO OCTATOYHO

Al =A@+ 1+ 20— Ak, (10.1)
Al
2h . o .. .
e K, =1+ [1+ N JTUHAMIYHUN KOe(]IIlleHT TIpH yaapi.
st

JliniiiHa 3aJIe)KHICTh MK HAMIPYXKEHHAM 1 ehopMaIlli€ro J03BOJISIE 3aITUCATH
oy =y Ky (10.2)

3 oxepxaHux (GopMya BHUIHO, 10 JAWHAMIYHI HAMpyXEHHS 1 TepeMilIeHHS
3ajieXxaTh BiJI CTaTUYHOI AedopMalii Tiia, Mo 3a3Hae yaapy. YuMm Oiiblie cTaThuHi
nedopmariii (Mpy 1HIIKUX PIBHUX YMOBAX), THM MEHIII JUHAMIYHI HampyxeHHsa. Ocb
YOMY ISl IOM SIKIIEHHS yJIapy BUKOPHUCTOBYIOTh MIAKIAAKH (TYMOBI, IPYKHHHI1), 5IKi
JAl0Th BEJIMKI Aehopmarii.

[Ipu ctuckyrodoMmy yaapi i 3amoOiraHHs TO3J0BKHBOTO 3THHY JMHAMIYHI
HaANpy>KCHHs HEe TOBUHHI NEPEBEPIIYBATH KPUTUIHHUX HATPY>KEHb.

AHanoTiyHU{A BUTJSAA MaroTh (GOpPMYJIM 1 Ha BUMAJOK IOMEPEYHOTO
(3STMHATLHOTO) yAapy, TUIBKM B I[bOMY BHUMNAIKy 3aMmicTh Alg cnig mnpuitmatu
CTaTMYHHUI TMPOTHH B MICII YIapy Vst , a 3amicTh Alg muHaMidHMEi TPOTHH - Y.
MOKAXEMO I1€ Ha MTPUKJIIAII.



Ilpukaaa 10.4. Ha cransHy aBoTaBpoBy Oanky N27a mponsoToM 3M Hajgae
nocepenuHi nponboTy BaHTaX F=IkH 3 Bucotn h=0,Im. Busnauntn HanOinbImii
MPOTrHH OaJNKH 1 MaKCUMallbHE HAMpYyKeHHs y i1 monepeuyHomy mnepepisi (puc.10.5,a).

1=
|
« g | °
1/2 %’
|
Ra=F/ F Re=F/
9] A k= == B
o \\\\\\\ Vat ///,//’ ]
Fl/4
‘ ),
Puc. 10.5

Po3p’sizanns. 3 ['OCT8239-72 nna nBotaBpa N27a Maemo: L,=5500cm?,
W,=407cm3. Momyinb MO3I0BXKHBOI IPYKHOCTI [JIsl TAKOTO KIACy CTalei MOXHA
npuitasaTu E=2-10°MI1a.

BukopucToByroun METOJ TOYATKOBUX TMapaMeTpiB, 3HAXOAUMO CTaTHYHHA
MIPOTHH OAJIKH i BaHTakeM, TOOTO 1o cepeauni 6anku (puc.10.5,0):

_FP_ 110°(310°f
 48El, 48210°550010*

=0,048nm -

Yst

Jlunamiaaui KoeIIieHT
K, =1+ 1020 gy 27200 g,
Y 0,048

Bbynyemo emntopy craTuyHUX 3ruHanbHUX MOMEHTIB (puc.10.5,B), 3 sikoi BUAHO,

10 HAWOUIBIINM 3rMHAJILHUM MOMEHTOM Oyne MOMEHT
Mumax=FI/y=1000-3000/4=7,5-10°Hmm. HaiiGinble cTaTUYHE HAMIPYKEHHS
M, 7,510
oy = ~ S =186Mla.
W, 40710

HaliiGinb1ie nuHaMiuHe Harpy>KeHHs Oy/ie TOpiBHIOBATH
oy =04Ky =1,86-64 =119MIla .
3 1IbOr0 MPUKIIATY BUAHO, HACKIJIBKY HEOE3MEYHUMH 3a CBOEIO JIIEI0 SIBISIFOTHCS
IMHAMIYHI HaBaHTakeHHA. [lo nporo me W JoJaeThCs T€, L0 JAOIMYCTHUMI

HAnpy>XEHHsS MpU yAapl NPUAMAIOTBCS MEHIIMMH, HDK TOpH  [J1i CTaTUYHHX
HABaHTAXKEHb.



4. BisibHi KOJTMBaHHS CHCTEMH 3 OJHMM CTyIIeHeM BiJIbHOCTI.

Sk Oyno Bke BIAMIYEHO, XapaKTEPHOIO O3HAKOIO JWHAMIYHMX HABAaHTAKEHBb €
BUHUKHEHHS KOJMBaHb KOHCTPYKIIIT 1 X €JIeMEHTIB.

[Tpu KONMBAaHHAX BHACTIAOK HAsBHOCTI MPUCKOPEHb BUHUKAIOTH CHUJIM 1HEPII],
Kl MOXYTh y 0araTo pasiB MEpEeBHILYBaTH 3yCHJUISA, 110 BUHUKAIOTH B €JIEMEHTaX
KOHCTPYKIIIA BiI Jii CTaTUYHUX HAaBaHTAXCHb. [OMy JWMHAMIYHI HaBaHTaXCHHS
3HaYHO HEOE3MEeYHIIl 32 CTAaTHYHI.

PosrnssHemo HanpocTinny 3ajiady Teopii KOJHMBaHb — 3ajady Mpo BiIbHI (200
BJIACH1) KOJMBAHHSA TIJ, Maca SIKUX 30cepekeHa B oAHid toull (puc.10.6). Macoro
cTepkHd (200 MpYXHUHHM) HEXTYEMO, BBaKalOYW ii Majol MOPIBHIHO 3 Macolo

rrssy,  BAHTAXY, 110 KOJIMBAETHCS.
C Y 1ubOMy BHNAJIKYy TMOJOXKEHHS TUIa, L0 KOJIUBAETHCH,
MOBHICTIO BU3HAYAE€THhCS OJHUM IApaMeTpOM — IMEPEMIIIECHHAM S
T1J1a BITHOCHO TMOJIOKEHHS CTATUYHOI PIBHOBATH.
VY 1bOMY 1 aHAJIOTIYHUX BHUMAJKaX TOBOPSATH, IO CUCTEMA Ma€
OJIHY CTYIIIHb BIJIbHOCTI.
B [Ilo6 3MycHTH TUIO KOJIMBATHCS HABKOJO TOJIOKEHHS
4@ pIBHOBAru, moj0BKUMoO ctep:keHb BC Ha Oyap Ky BeIMYHMHY So 1
¥ gt 30CTaBUMO Horo camo no cobi. BoHo mnouHe 3piiicHIOBaTH
i KOJMBAJIbHI pyXH Y BEPTUKAILHOMY HAMPSMKY.
Taki KoJHMBaHHS, $KI 3IIMCHIOE CHCTEMa, 3BUIbLHEHA BIX
Puc. 10.6.  30BHINHIX CHJIOBHX BIUIMBIB 1 HajaHa caMiii co0i, HAa3WBAIOTHCA
BUTbHUMH (200 BIIACHUMH).

BrnacHi konmBaHHsS BigOyBarOThbCS N0 THX IIip, NMOKH HaJaHa Ha IOYaTKY
KOJIMBAJILHOTO TPOIIECY €Heprisi He Oy/ie MOBHICTIO BUTpayeHa Ha poOOTY MPOTU CHII
TEPTS 3 MOBITPSIM 1 CHJI BHYTPIIITHBOTO TEPTS B MaTepiali.

KonvBaHHs Ha3MBAIOTHCS BUMYIIEHHUMH, SIKIIIO BOHU BIJOYBAIOTHCS Mif €O
3MIHHUX 30BHIIIHIX CUJI, K1 HA3UBAIOTHCS 3MYIIYIOUHUMH CHJIAMH.

[Ipn cknagaHHi pIBHSAHb PYXY KEpYIOTbCS BIJJOMUM HaM IPUHIUIIOM
Hanam6Gepa.

[To3Haunmo BIIXUJICHHS T1JIa BiJ MOJIOKEHHS piBHOBaru uepes S. Ha tino npu
KOJIMBAHHAX OYIyTh JISITH TaKl CHIIH:

1) peakuis 3 60ky crepxkast CB, sika 3rimHo 3 3akoHoM ['yka (e S=Al) nopiBHroe

N=EAS_ S (10.2)
IS,
e Sy - MepeMillieHHs BiJ CHUJIM PIBHOI OJAWHUII, MPUKIAJACHOI B TOYIll KPIIJICHHS
Macu, S||=|/(EA),
2) cuna iHeplii, sika JOPIBHIOE T00YTKY MacH Ha MPUCKOPEHHS:
_ md?s
dt®> -

E

(10.3)

Cyma 1ux cuJl TOBMHHA JOPIBHIOBATH HYJIEBI:

md?S S
= =0, 10.4
dt? +s,, (10.4)
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abo

2
‘jjtfst ~0, (10.5)

o= J1I(mS, ) (10.6)

KYTOBAa 4acTOTa KOJIUBaHb (YMCIIO KOJIMBAHb 3a 27 CEKYH]I).

Piusuanas (10.5) € audepeHiianpHe PIBHAHHS JAPYroro MHOPSJKY, OJHOPIJIHE,
JiHIAHE, 31 cTanmuMu KoedimieHTamu. 3arajJibHUM 1HTErpaj IbOTO PIBHSIHHS Mae
BUTJISIL

Jc

S = B, cos et + B, sin wt (10.7)
abo

S= PSin(a)t+go), (108)
ne Bi, B2 1 P, ¢ - 1OoBUIBHI CcTaJl BEIMYHUHH.

Pipastaast (10.8) € piBHSHHS TapMOHIYHOTO KOJWBaHHSA. Y I[bOMY piBHSIHHI
BelnuruHa P sBNsie coO0r0 HaNOLIbIIE BIAXWUICHHS (aMIUTITYy) KOJHMBAIbHOI Macu
Bl TOJIO)KEHHSI PIBHOBAarW, TaK $K HaWOUIbIe 3HaUYeHHS sin(wt+@) TOpiBHIOE
oJMHUIIl. ApryMeHT oi+@ Ha3uBaeThcs (a3010 KOJMBAaHb, a BEJIMUYMHA () — MMOYATKO-
BOIO (a3010 KOJMBaHHS, TOOTO 3HaUeHHs (a3u npu t=0.

IBUAKICTE PyXOMOi MacH

V = 3? = Pa)COS(a)t+(p)- (109)

Awmmtityna A 1 mouyaTkoBa (pa3za (p BU3HAYAIOTHCA 32 MOYATKOBHUMH YMOBAMH
pyxy. ko y noyatkoBuii MoMeHT nipH t=0 3MimeHHs Macu 0yno S=So, a V=V, To
13 MOTNIEPEIHIX PIBHAHD OJIEPKUMO:

S, =Psing; V,=Bwcosg .
3B1aCH 3HAXOIUMO
2
P= s§+V—°2; tgcp:w—so,To6To gozarctg@. (10.10)
@ Vo A

I'padix xomuBansb (10.8) mpencrasnenunii Ha puc.10.7. 3HaiinemMo MOBHMIA TTEPiO
KoJuBaHb T, TOOTO TOW MPOMIKOK Yacy, 3a KU KOJWUBaJIbHA Maca MOBEPHETHCS Y
MOYaTKOBE MOJIOKEHHS. Tak sk mepioJ] CHHyca Ta KOCHHYyca JIOPIBHIOE 27, TO MicCIs
3akiHueHHs yacy T (asza xoauBaHb 3pocTe Ha 27, ToOTO Ha miacTasi dhopmysu (10.8)
Ma€eMO

a)(t+T )+(0—(a)t+go): 27,
3BIJICH

7227, (10.11)

a00, miacTaBstoun 3HaueHHA o 13 popmynu (10.6), onepxumo
T =2z,mS, . (10.12)
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Tak sk B 110 (hopMyIly HE BXOAITH Spi
Vo, TO Tepioa KOJMBAHHS HE 3aJCKHUTh BiJ
MMOYAaTKOBUX YMOB PYXY.

3 momepenHboi  (GopmMyan  MaeEMO
TaKOXK

w=2IT=1(mS,), (10.13)

TOOTO KOJIOBA 4acTOTa KOJHWBaHbL BU3HAYAE
YHCJIO TTOBHUX KOJHMBaHb, SKi pOOUTH Maca
3a yac 27 CeKyH]I.

Maroun Ha yBa3si, mo S;=I/(EA), onepxyemo

o = JEAI(mI)

TOOTO YaCTOTA KOJIMBaHb TUM OLIbIIa, YUM O1JIbIIA YKOPCTKICTh CTEPKHS (TIPYKUHH),
1 3MEHILYETHCS 13 30TBIIEHHSAM JOBXHHHU CTEPXKHS 1 KOJIMBAJIbHOI MacH.

Onepxxani (GopMynu cropaBeJIMBI 1 Ha BUIAJO0K MOMNEPEUHUX 3THHATBHUX
KOJIMBaHb CTEPKHS 32 YMOBH, 110 Y LILOMY BUIAJKY Sj OyZe BU3HAYATHUCS SIK IPOTHUH
B1Jl OIMHUYHOI CHJIH, TPUKJIAAEHOI Y TOULl 3aKPIIUIEHHS KOJIMBAJIBHOI MACH.

KonoBa yacrota KoiauBaHb ® 3B’S3aHa 3 YaCTOTOIO KOJMBaHb f, sika BuUpakae
KIJIBKICTh KOJIMBAHb 32 1 CeKyH]Ty, 3aJIe)KHICTIO, 10 BUIUIHBaE 3 popmysu (10.11)

f_l_o (10.14)
T T

Puc. 10.7



