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.Ntl JKYMhiC 

MATEMATHKAJiblK, MAHTHHKTIH; 
TEPBEJIIC 3Alf.l(APbiH 3EP'ITEY 

1. :IKplbiCThiH; M~aTbl: MaTeMaTH.KrulblK, MasiTHHKTia 
Tep6enic rrepHO.ll:hillhiH: iJiiHreH Maccara, xinTia 
y3hiHJl:hiFbiHa )1(8He Tep6enic aMIIJIH'I)'.D:aCbiHa ToyeJl)J.iJiiriH 
TeKcepy. MaTeMaTHKaJibiK. MM.THHKTia KeMeriMeH ayhlpJihlK. 
KYJIIiHia y.n:eyiH Ta6y. 

2. K,wcK,awa TeopHHJibiX, Kipicne. 

rapMOHHJIJibiX, Tep6eJiiC JK9He OHbiH; CHDaTTaMaJiapbl. 
)l(ylieHm eJiHia Terre-TeH:.D:iK KyliiHeH 6ipHerne peT 
aYhiTK,biii, K,aHThiii 6acTaiiK,bi KyliiHe opanaThiH rrpouecTi 
Tep6enMeJii K,03raJipiC ( Tep6enic) .n:err aTai1Jl:hi. Erep 
K,03FaJihiC TeH. yaJQ.IT apaJiblfhlH,l(a K,aHTaJiaHbiii OTblpCa, OHbl 
nepHO.D:Thi K,03FaJibiC .n:err aTai1Jl:hi. Tep6enicTep.n:iH. 
cPH311KaJibiK. Ta6HraTbl apTYPJii 60Jibiii Kenyi MYMKiH: 
MeXaHHKaJibiK,, 3Jie.KTpOMarHHTriK, 3JieKTpOMeXaHHKaJihlK, 
)1(8He T.6. 

TiepHO.ll:Thi Tep6enicTep.n:m K,aparraifhiM TYPi 
rapMOHIDIJibiK, Tep6enic 6oJibiii Ta6hma,.uhi. Eyn 
Tep6eJiiCTep.n:e <l_}I13HKaJibiK, X IIIaMaHbiH. t yaK,hiT 60HbiHIIIa 
eJrepyi CHHyC (HeMece KOCHHyC) 3aH;biHa 6afb1Ha,J.lhl: 

x =A ·Sinb +qJ), (1.1) 

MYHJl:afbi x - K,03FaJibiii TYPFaH .n:eHeHiH. Tene-reH.D:iK 

KYifiHeH hlfbiCYbi, A -Tep6enic aMIIJIH'I)'.D:aCbi, 

la + rp ) _Tep6enic <PaJachi, cp - 6acTaiiK,bi <PaJa, OJ -
0 0 

UHKJI.D:iK (.n:eH.reJieKTiK) Tep6enic )1(11iJiiri. 
Tep6eJIMeJii K.03raJibiCTbiH. MaH.bi3Jl:bi cHrrarraManapbiHa 

T Tep6enic rrepHO.D:hi MeH v Tep6enic )I(HiJiiri )l(aTMhi. 
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ToJihiK. 6ip Tep6enic xacayra KeTeTiH T yaK.biT 
apaJibifhiH ernrreH:TiH Tep6enicTep rrepHOJl:bi .n:err aTaH,l(hl. 

EipniK yaK,biT apaJibifhiH.D:a eTeTiH TOllhiK. Tep6enicrep 

caHhi v Tep6enicrep )I(HiJiiri .n:err aTaJia,J.lhi: 

1 
v = r 

OJ, T )l(aHe v eJapa 6aHJiaHhiCThi: 

w = 2.nv = 2tr T . 

(1.2) 

(1.3) 

Tep6enic nepHOJl:biHhiH: enrneM 6ipniri [T] = c ( ceKyHa) 
1 

[w] = (paa I c] = (paouaH I ceKyHo ], HeMece 
[ro] = - , )leMeK 

c 

v )I(HiJiiKTiH: enrneM 6ipniri (v]= c-1 = rl/ (repu). 
Ochi (1.2) )l(aHe (1.3) epHeKTep)li ecKepirr, (1.1) 

rapMOHIUIJihiK. Tep6enicTep TeH.)leyiH MbiHa Typ)le )l(aJyra 

6ona,.uhi: 

x=A· Si~at +rpJ=A · s;{2; t +<p
0 
)=A· Si~2mt+ qJJ· (1.4) 

Erep 6acTaiiK.bi <PaJa qJ0 = 0 6onca, oH,Ua rapMOHIUIJihlK. 

Tep6enicTep TeH.)leyiHia TYPi 

x =A· Sinax =A· Sin 
2

tr t =A· Sin2m! (1.5) 
T 

6ona,.uhi. fapMOHIDIJihiK. Tep6enicTiH: rpa<PHri 1.1-cyperre 

KopceTiJireH. 
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1.1-cypeT. fapMOHIDI.JThiK. Tep6e.rricTiH, rpa<Pnri 

t 

fapMOHIDLJihiK. Tep6enicTep.LJ:iH. )KbiJI.LJ:aM,Ll.hiFhJ MeH y.LJ:eyi 
.LJ:e rapMOHIDLJihiK. 3aH, 6oilhiHIIIa e3repe.ui. (1.5) 
cPOPMYJiaChiH K,On,ll;aHhiii V )KbiJI)l;aM,Ll.biK, lleH a y,ll;eyiH 
aHhiK;TaRMhi3, onap MhiHaFaH TeH,: 

0Cbl,ll.aH 

dx 
u =-=A· OJ· Cosmt, 

dt 
2 du d x 2 . 2 

a = - = -- = -A ·OJ • Szn OJt = -OJ x . 
dt dt 2 

d2 X 2 
dt2 +OJ X= 0. 

(1.6) 

(1.7) 

(1.8) 

(1.8)-TeH,.LJ:ey rapMOHIDLJihiK, Tep6eJiiCTep,ll.iH, y.n:eyi MeH 
hiFhiCYbiH 6aM:JiaHhiCThlpa,r(hi. 

MaTeMaTHKaJibiK; MaHTHHK. AYbiPJihiK, Kyiii.iHiH. acepiHeH 
Tep6enMeni K,03FaJihiCK,a KeneTiH CaJIMaK,Chi3, C03hiJIMaRThiH 
)l(ffiKe iJiiHreH MaTepiiaJI.LJ:hiK. HYKTe MaTeMaTJIKaJihiK. 
MruiTHIIK )];err aTaJIMhL HaK;Thi )l(amaM:.LJ:a Y3hiH )l(iH,iiiiKe 
xirrKe iJiiHreH KiiiiKeHe aYbiP TyRipiiiiKTi (wapiiKTi) 
MaTeMaTIIKaJihiK, MaHTHIIK peTiH)l;e aJIYFa 6onaLI.hi ( 1.2-
cypeT). 
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mg 

1.2 - cypeT. MaTeMaTHKl1JlblK: 
Maj{THHK 

Maccachi m MruiTHIIK 
Terre-TeH..LJ:iK KYfi.LJ:eH 
aYbiTK,biFaH.IJ:a, omH 

f KYill acep eTe)li. 

On ayhlpJihiK. KYJlli 
MeH xirrTiH. mg 

KepiJiy KYJlli FK -HiH. 

TeH. acepni KYJlli 
6ona.LJ:hi ( 1.2-cypeT): 

mg+F =] 
K 

HhiOTOHHhiH. eKiHini 3aH.hi 6oM:hiHIIIa MaHTHIIK ochi f 

KYJlliHiH. acepiHeH 
K,03FaJia)l;hi: 

a y.LJ:eyiMeH (TaHreHUifaJI.IJ:hiK. y.n:ey) 

a = L. (1.9) 

m 

1.2-cypeTieH, 

f = -mg·sina = -mga, (1.10) 

MyH.llaFhi a- aYbiTKY 6yphiillhi. On MruiTHIIKTiH. Terre-TeMiK 
J<Yif.n:eH ayhiTicybiH KepceTe.LJ:i. K.iiiiKeHe 6yphiiiiK.<l 

ayhiTK,biFaH.LJ:a sin a::::::; a. 
1.10)-TeH,.LJ:ey.LJ:eri MIIHYC TaH,6achi acep eTymi f KYill 
( GpK,a.IllaH)l;a MaHTHIIKTiH. hlfhiCY 6aFhiThiHa K,apChl 
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6oJiaTbiH.LJ:biFbiH KepceTe.n;i. 

Cbi3biK,TbJK y.n;ey a MeH 6¥PbiiiiTbiK. y.n:ey c 
6aH.n:aHhiCTbi. EyJI 6aH.n:aHbrc MbiHa Typ.n:e 6epiJJ:e.n:i: 

a=c·e' 

M¥H,.l:(arbr R - Ma.HTHHK :xd6iHi~ ¥3biH.LJ:biFhi. 
EypbiiiiTbiK. y.n:ey.n:~ aHbf.K,TaMacbl 6oi-ihmma 

d 2a 
8=--

dt2 . 

Erep (1.9) $opMyJiara (1.10), (1.11) )I(Oifc 

QlOPMyJiaJiap.LJ:b! K,OMCa, KCJieci TCIUJ:ey 1Uhlf8J~M: 

2 
da+g·a=O. 
dt2 .e 

eJapa 

(1.11) 

(1.12) 

( 1.12) 

(1.13) 

(1.13)-TeH.n;ey (1.8)-6eH yH.n:ece.n:i, ercp OIIJ(HI'hl X -Tbi~ 
OPHhiHa a 6¥PbiiiiTbiK. aYbiTI<y.ll.hJ l<,apacn.IJ)(.:aK, )I(BHe 

w
2 

= g .n:ereH 6eJiriJiey eH.n:ipceK. CoH;(a ( 1.13) -TCIU~ey,n;i~ e 
lliCIIIiMi MbiHaFaH Te~ 60Jia.LJ:bl: 

a = a ·sin ())/ 
0 ' (1.14) 

MyH,.l:(aFbi a - Tep6eJiiCTCp.LJ:i~ 6ypbiUITbl K, aM IIJU1TY.LJ:aCbi. 0 

,lleMeK, MaTeMaTHKaJibiK, MaHTHHK TCnC-TCIU(iK Kyti,n;eH 
IIIaMaJibi aYbiTI<y KC3iH,.l:(e rapMOHlliUibiK, TCp6CJiiCTep 
)l(acati,n;br. 

MaTeMaTHKaJihiJ<: Ma.HTHHKTin: Tep6e;tic liCpHO.LJ:biH 
(1.3)-rni QlOpMyna Heri3iH.n;e aHbii<;ra.H:Mbi3: 
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T = 2tr = 2tr fi . 
{t) fi 

(1.15) 

Y JIKCH 6ypbllllTap ynriH (sin a =I' a) Ma.HTHHKTi~ 
Tep6eJiic rrepHO.LJ:bi 6biJia.H: aHbir<;raJia.LJ:bi: 

T = 2trff(l + ±sin2 ~ + ···} (1.16) 

MaHTHHKTm KirnKeHe aYbiTKY 6yphlrnrnpbr yrniH (1.15)­
<t>opMyJiara ca.H:Kec, OHbi~ Tep6eJiic rrepHO.LJ:bi ¥3biH.LJ:biFbi 
MeH epKiH TYCY y.n:eyiHe TayeJI.LJ:i. COH.LJ:biiCI'aH ocbr 
cpopMynaHhi epKiH TYCY y.n:eyiH Ta6y yrniH K.OMaHYfa 
60Jia.LJ:bi. 

3. Ta1Kipu6e K;OH,llblpl'biCbl *aue *YMbiCTbl~ opblll.ll.aJIY 
peTi. 

K.oH.LJ:bipFbi co3biJIMaMThiH ¥3hlH )KjnKe mrnreH aYbiP 
KiiiiKCHTaM 'f\'HipiiiiK 60JibiiT KCJIC.LJ:i. )l(irrTiH: ¥3biH.LJ:biFbiH 
03repzyre 6oJia.LJ:hl. 

J.l.MaTeMaTHKaJibiK; M3SITHHKTIH; Tep6eJJiC nepHOM>iHb~ 
8MDJIHTY.llaFa TayeJI,lliJiiriH TeKcepy. 

MaHTHHKTm ¥3biH.LJ:biFbi 1,5 MeTp. m 1 MaccaHhl iJiirr 
MaHTHHKTi TCITC-TCH;.LJ:iK KYifiHCH 5 CM. aYbiTK,hiTbiiT, OHbi~ 
I 0 Tep6eJiiCKC KCTKCH yaK,biTbiH emrreti,n;i. Tep6eJiic 
llepHO.LJ:bi MbiHa Te.FUJ:CY 60Mbi.Hllia aHbiK,TaJia.LJ:bi: 

T=.!_ 
' n 

MYH.LJ:aFbr t-yaK.biT, n-Tep6eJiicrep caHbi. 8JIIIIey.n:i~ 
KC3.LJ:CHCOK: K,aTCJiiriH ecerrTey yrniH OHbl yrn peT 
K,aMTana.H:.n:bi. CoHaH Ke.H:iH 10, 15, 20 eM aMITJIHTy.n:anap 
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yrniH 1 0 Tep6enicTil{ yaK;hiThiH enweH.ui. enwey 
H9TIDKCJiepiH 1.1- KCCTere )J(aJy KepeK. 

3.2. Tep6eJiic nepuo.n;&IHbiH; MaJITHHK MBCC&CblHB 
TayeJI.n;iJiirin 3eprrey. 

Maccacbi apTypni 2-3 -ryiliprniKTi a.Jiblll, KC:)CK- Ke3eK 
Y3biH.UbiFhl 1,5 M xiiiKC iJiirr, 10 Tep6eJiiCKC KCTCTiH 
yaK;hiTThi enrney K,IDKeT. 

Tep6enic aMIIJIIITy.uacbi 10 cM-re TCI( 6oJJCJ.III. Op6ip 
rnap.u:K rep6eniciHil{ T rrepHO.Uhi ecerrTeJiiHc.ni. 

8nrney H9TH)J(CJiepiH 1.1-KCCTCre )J(aJy KepCK. 

3.3.M3JITHHKTiH; Tep6eJiic nepHO;J;biHbiH; OHbiH; 
pbiH.LU>IFbiHa TayeJI.n;iJiirin 3epney. 

m 1 MaccaHbi xirrKe iJiirr yJhiH;J;hifbi I M >t<OJIC 2 M 
MCUITHHKTiJ{ 10 Tep6eJiiCKC KCTCTiH yaK,biTI>lll OJIIIIl'Y KCpeK. 
Tep6enic aMIIJI.u:zy.uacbi 10 CM-re TCI( finJJCJ.JJI. Op6ip 
YJbiH.UbiK,K;l C9MKCC Tep6enic rrepHO.llblll CCCIITCY K,a)J(CT. 
8nrney H9TH)J(CJiepiH 1.1-KCCTere )J(aJy KCpCK. . 

4. Ta:lldpn6eJiiK MaJiiMenep. 

4.1. MaTeMaTHKaJibiK; MaJITHHKTiH; ·rep6eJIIc nepuo.n;biH 
eJirney. 

MaTeMaTHKaJibiK, MCUITHHKTif( TCp6CJJi<.: 
TTCpHO.UbiH 9JllllCY H9TIDKCJICpi 

J.J . KCCTC 
. 

'J~ 
m, e, A, n 

/1' /2' '3' 
Kr M CM ' c 

'- c c c c 
- ---
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4.2. 8JIUJCY H9TIDKeJICpiH M3TCM3THKaJibiK, eH;.n;ey. 

EpKiH Tycy y.ueyiH aHhn<:ray ymiH ( 1.15) - ¢opMYIIaChiH 
>K9HC 9JilllCY H9TH)J(CJICpiH ( 1.1-KCCTC) K,OJI.[(aHy KepeK. 

EcenTey H9TH)J(CJICpiH eKiHWi KCCTere (1.2-KCCTC) )J(a3y 

K,a)J(CT. 

EpKiH TYCY y.ueyiH ecerrTey. 

1.2- KCCTC 

l' T, gi' 
g, D.gi, (~g)zi, 

c 
MIC2 Ml c 2 

MIC 2 M
2 I c4 

M 

EpKiH TYCY y.n;eyiHiH: K,aTeniriH ecenTey. 

g - epKiH TYCY y.neyiHm opTarna apw,PMeTHKa.JlhiK. MaHi 

hhma:H: ecerrTeJiiHe.ui: 

- n 
g='Lg.!n, 

i=l l 

(1.17) 

Myn.n;aFhi n -enrneynep caHhi. 
S - opTarna KBa.upaiTh~ K,aTeHi Keneci <PopMYIIa 

lOWbiHUla aHbiK,TaH,ubi: 

S= 
n(n -I) 

n 
L:<~g)2 
i=l I (~g)2 = (g- g.)2. 

I I 

(1.18) 
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P==0,95 ceHiM)J;vnK hiK.THMa.JJ.n;biFhiHa ca:M:Kec KeJ.n;e:HcoK, 
K.aTeHiH. ceHiM.n;iJiiK rneriH 1\g Keneci TeH..n;ey 6o:M:biHilla 
ecenTei.f:.n;i: 

!lg == s ·tp 
n ' (1.19) 

MyH.n;aFbi tP -CTbiO.LJ;eHT K03<l><l>Hl{HeHTi. Ollbll( MOH.n;epi n 
6epiJireH. 

EcenTey HaTIDKeciH MhiHa Typ.n;e JKa3y KCpcK: 

g==~±Llg) ~ . 
c 

EpKiH rycy y.n;eyiHiH. CaJibiCTbipMaJibJ K,aTcJtit •i: 

Llg 
E =-=-- ·100% · 

g 

(1.20) 

(1.21) 

EpKiH rycy y.n;eyiH .n;anipeK ecell'rcy. 

EpKiH rycy y.n;eyiH .n;anipeK ( 1.15) - cf>opMyJta JJCri3iH.n;e 
aJibiHf'aH KCJICCi TeH..n;ey 60HblHWa CCCIITCI-iJ(i : 

- 2 e,-e2 
g- 4Jr 2 2 ' (1.22) 

T -T 
I 2 

MyH.n;aFbi I; )J(aHe T2 MaJITHHKTiH f1
1 
)l(ouc f 

2 
¥3biH.LJ;hii<;raphrna ca:M:Kec Tep6enic nepHo;rrapt.J . 

5. l<,opbiTbllf)J,bl. 

MaTeMaTHKaJihiK. MruiTHHKTiH. Tep6enic ItcpHOJ(TttphlHhiH. 
OHbiH, MaccaCblHa, Y3biH.n;biFbiHa )J(9HC Tep6CJtic.: 
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aMnJIHry.n;achiHa TayeJI.n;iJiiri rypanbl K.OPhiThiH.n;hi )J(acay 
K,IDKeT. 

EcenTenreH epKiH rycy y.ueyiH <PH3HKaJihiK. KecTe.n;e 
KeJITipiJireH M9HiMeH CaJibiCTbipy KCpCK. 

6. llbiCbiiQ'ay cypaiC,Tapbi. 

1. fapMOHHIDihiK. Tep6enicTep.n;iH. aHbiK,TaMaCbiH 
fiepiH,i3. Tep6enicTep.n;iH. nepno.n;bi, )J(HiJiiri, aMnJIHry.n;acbi 
;(ereH He? fapMOHHIDibiK. Tep6enicTep.n;iH. )J(biJI.n;aM.n;hiFhi MeH 
y.n;eyi K,aJia:H eJrepe.n;i? Onap.n;bi aHbiiQ'ai1:TbiH TeH..n;eynep.n;i 
>Ka3biH.hi3. 

2. MaTeMaTHKaJibiK. MaJITHHK .n;ereH He? 
3. MaTeMaTHKaJihiK. MaJJ:THHK Tep6enicTepiHiH. 

rapMOHHIDibiK. Tep6enicTepre )J(aTaTbiHbiH .n;aneJI.n;eH,i3.n;ep. 
4. MaTeMaTHKaJihiK. MruiTHHKTiH. Tep6enic nepno.n;hl 

K,aH.n;a:H rnaMaJiaprn TayeJI.n;i? 

N!! 2 :IKYMhiC 

JI:EHEHIH; AHHAJIMAJihl 1{.03F AJibiCbiH 
OBEPBEK MAHTHHfl KSMEfiMEH 3EPTfEY 

1. XyMbiCTbJH. Max,caTLt: a:HHaJIMaJibi K,03FaJibiC 
JU1HaMHKaCbiHbiH, HeriJri 3aH,biH Ta)J(jpH6e.n;e TCKCepy. DOC 
>KOHe ~ iJiiHreH illbi6biJI.n;biH, (KPeCTOBHHaHbiH.) HH.epl{llil 
MOMCHTiH aHbiK,Tay. 

2. K,btcx;awa TeopH.RJibiK. Kipicne • 
.AHuaJIMaJibi K.OlFaJibiCTbiH. uerilri laJmapbt. K,arrbi 

"cHeHiH, ai.f:HaJibiChiH .n;HHaMHKa TYPFhiChiHaH K,apacTbipy 
I\C3iH..n;e KYill ¥FbiMbiHa K,OCa KYill MOMeHTi )J(9H.e Macca 
Yl'biMbiHa K,OCa HHCpl{llil MOMeHTi .n;ereH YffiiM.n;ap CHriJiJie.n;i. 
Ai1HaJI.n;bipyww KYlli MOMeHTi JJ:CHeHiH. 6ypbilliThiK. 
>KblJI.li.aM.n;hiFbiH eJrepTe.u;i, aJI a:HHaJIMaJihi K,03FaJibiCTaFbi 
)(CHCHil-( l.fHCpTTiJiiriH CHTiaTTaHTbiH <l>H3HKaJibiK, maMa 
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,UCHCHlll miepniDI MOMCHTi ,UCII aTaJHl,Ubl. 

MaTepHa.JI,UbiK. HYJ<TCHiH: K,aH,Uail .ua 6ip OCbKe .ueiliHri 

K,allibiK,TbiFbiHbiH: KBa,UpaTbl MCH MaCCaCbiHbiH: 

Ke6eif:TiH,UiciHe TCH: IIIaMaHbl HHepniDI MOMCHTi JJ.CII aHTa,Ubi: 

I= mr2
. 

A.rr ,UCHCHiH: K,aH,Uaif: ,Ua 6ip OCbKC K,aTbiCTbJ HHepniDI 
MOMCHTi ,UCII 6apJibiK, ffii 3JICMCHTap MaCCaJiap;~blH HIICpniDI 

MOMCHTTCpiHifl K,OCbiH,UbiJiapbiH aJ.ITa,Ubl: 

n 2 
1= Lm.r . . 

i=J I I 

(2.1) 

,[(eHeHiH: TbiFbl3,UbiFbl p 60JICa, OH,Ua HHCpi(JHI MOMCHTi 
HHTCfPaJI,Uay )KQJiblMCH Ta6biJia,Ubl: 

I= Jr2dm= fpr 2dV, (2.2) 
m V 

MYH,UaFbi dv-3JICMCHTap K9JICM. ,[(eHeHiH: TOJiblK, KOJJCMi V 
6oif:biHIIIa HHTCrpa.JI,UaHa,Ubl. 

(2.1) )K9HC (2.2) cpopMYJiaJiap.ua KCJITipUII'CH)(CM, 6eJiriJri 

6ip OCbKC K,aTbiCTbl ,UCHCHiH: HHepniDI MOMCJITi TCK K,aHa 
OHbiH: M9JIIIIepiHe, IIiiiiiHiHe, TbiFbl3,UblFbiHa )f(OllC ah.Hany 

ociHe .ueiliHri apaK,alllhiK.ThlFhiHbiH: KBa,UpaTJ>ma ToyeJI.ui 
60Jia,Ubl. 

Keif:6ip ,UCHCJICp,Ui}i: HHepniDI MOMCHTTepill KCJITipeHiK. 

Pa.ueycbi R 1Yfac .UHCKiHiH: neHTpilleH eTeTiH 

)Ka3biK,TblFbiHa neprreH,UHKYJIHp OCbKC K,aTbiCTbl HHepniDI 

MOMCHTi: 

I= !_mR2. 
2 
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(2.3) 

IIIap.UbiH: neHTpiHeH eTeTiH ociHe K,aTbiCTbi HHepniDI 

MOMCHTi: 

I= 3_mR2 

5 

(2.4) 

Y3biH,UbiFbi L 6oJiaThiH 6ipTeKTi 6iJiey.uiH: (cTep)KeHb), 

OllbiH: yJbiH,UbiFbiHa rreprreH.uHKYAAP 6oJibiii opTaCbiHaH 

UTCTiH OCbKC K,aTbiCTbl HHepnHH MOMCHTi: 

l=~mL2 - (2.5) 
12 

Erep .ueHeHiH: Macca neHTpiHeH eTeTiH ocb 6o:i1hiHIIIa 

&1ucpnM MOMCHTi 10 6oJica, oH.Ua oraH rrapaJIJICJib 6acJql 

KC'J-KCJifCH OCbKC JqiTbiCTbl ,UCHCHiH: HHepnHH MOMCHTiH 
l 'toUTCHC - IliTeiiHep TeopeMaCbi Heri3i.H.Ue ecerrTerr 

llthrFapyrn 6oJia.ubr: 

I =I
0 

+md
2

, (2.6) 

M'fll,UaFhl d - OCbTCp,Ui}i: apaK,allibiK.TbiFbl. 
K,o3FaJIMaHTbiH 0 

......... ........... -:'" 

2. 1 - cypeT. Kyur MOMeHTiH 

aHhllCfay 

.... 

..... 
..... 

/ 
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HyKTere K,aTbiCTbi F 
K\'lli MOMCHTi M 
MbiHaFaH TCH: 60Jia,Ubi: 

M = lrFL 
MYH,UaFbl f -0 HyKTC­

ciHCH A HYKTeciHe 

)l()'priJiJireH pa.ueyc-

seKTOpbi. F KYIDi A 
HyKTCCiH,Ue )KaTa,Ubl. 



F Kyiii MOMeHTiH:iH; MOJzyJii: 

M = Fr sin a = Fl , (2.7) 

MyH,l:(aFhi a - r )KHHe F BeKTOpJiapbiHhiH; apaCbiHJJ:aFhi 

6yphnn, I - aiiHaJIY ociHeH KyUI 6arbiThiHa rreprreHJJ:mcyJUip 
60JiaThiH apaK,alllbiiODJK;, OJI Kyiii HiH:i JJ:err aTaJia,nhi. 

AHHaJIMaJibi K,03FaJihlc JJ:HHaMHKaChiHhiH; Heri3ri 3aH;hi 
MhiHa TYPJJ:e 6epiJieJJ:i: 

M = d(Iro) 
dt (2.8) 

M¥HJJ:aFhi M - JJ:eHere acep eTeTiH Kyiii MOMeHrrepiHiH; 
K,OCbiHJJ:hiChl, ro- aHHaJIMaJibl K,03FaJibiCTbiH; 6ypbiiiiTbiK, 
)f(biJIJJ:aMJJ:hiFhi. 

HHepu;IDI MOMeHTi I - 1'ypaK;Thi IIIaMa 6oJiraH )f((lfJJ:aHJJ:a, 
OHbl JJ:H<}><}>epeHIJ;HaJI 6eJiriciH:eH lllbiFapyra 60Jia,l(bl , COHJJ:a 
(2.8) <}>opMyJiacbl MDIHa TypJJ:e )f((l3hiJiaJJ:hl: 

- diiJ -
M=l-=Ic, 

dt 
(2.9) 

6yJI xepJJ:e E - 6ypbiiiiThiK. YJJ:ey. 

Erep M = 0 6oJica, OHJJ:a 

d(Iro) 
ili = 0 HeMece Iro = const . (2.10) 

I iiJ = l IIIaMaCbl K,03faJibiC MemnepiH:iH; MOMeHTi 
(HMITyJihC MOMeHTi) JJ:eii aTaJia,l(bl. COHhiMeH, ChiPTK,bi Kyiii 

6oJIMaraHJJ:a, aiiHaJiaTbm JJ:eHeHiH; 6ypbiiiiThiK. )f(biJIJJ:aMJJ:hiFhi 
16 

mrepMeHJJ:i 00 = const , HFHH TOK;TayChl3 K,03faJia 6epeJJ:i. 
( )K;IIIayJiaHFaH JJ:eHeJiep xyiieci yrniH: HMIIYJihC MOMeHTiHiH; 
<.:aK;raJiy 3aH;hi opbiHJJ:aJiaJJ:hi: 

n 

2)iroi = const 
i=l 

CoHhiMeH, aHHaJIMaJibl K,03faJibiCTa acep eTeTiH F 
yuiTiH; poJiiH: M KYIII MOMeHTi aTK,apa,rr:hi. Macca poJiiH: 

IICpUJUI MOMeHTi, aJI Cbl3biK;ThiK, a yJJ:eyJJ:iH; poJiiH 

VP•·• mThiK. E yJJ:ey aTK,aPaJJ:hi. Cbi3hiK;TbiK. xaHe 6ypbiiiiThiK. 
hiJIJ\aMJJ:hiK;Tap 6ip-6ipiMeH MDIHa $opMyJia 6o:H:hmiiia 
UJHtHbiCaJJ:bl: 

v=[ror]. (2.11) 

I; IrepiJieMeJii xaHe a:H:HaJIMaJihi K,03faJihiCTapJJ:hiH; 
l'bri 1aH;JJ:hiJihiK;TaphiHhiH: )f((l3hiJIY TypJiepi, HJ:"'HH <}>opMyJia 

''' f1ip,n:ei1: 6oJihiii KeJieJJ:i. 0Hhi 2.1- KecTeJJ:eH Kepyre 
11\Jlhl . 

• TolKipH6eni~ TYciuhcreMeci lKane on~ TeopHJIJJb~ 
I. 

yMt.IC 6aphiChiHJJ:a K.OJIJJ:aHbiJiaThiH 06ep6eK MaHTHHri 
nc KepceTiJireH. 

(~ pf1rK MaHTHHri ropH30HTaJih OCbKe OpHaTI,IJifaH, 
IJJ('YiltCJ\eH xaHe PaJJ:HYChi 6ipJJ:eH eMec eKi IIIKHBTeH 

lhtpt.tJtnlH. Maccachi m 0 6oJiaThiH xyK 6iJieYIIIe 

Mt' ll ''" hiCThiphiJihm, K,a)KeTTi opHbiHa 6eKiTiJieJJ:i. 
C ICI iMCII THiCTi IIIKHB JJ:9HreJieriHe OpaJIFaH xirrTiH; 

1111·11111 iJiiHreH m 1 xyfl MaHTHHKTi aHHaJIMaJibl 
1 Kl'JtTipeJJ:i. Byn xarJJ:aHJJ:a MaHTHHKKe TiKeJie:H: 
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IIIrepirreMeni )l(aHe a:H:Ha.JIMa.Jibi 
K,03Fa.JibiCTap,u:biH. Herbri 3aH..LJ:hlllbi.K,Tapbi 

2.1 - KeCTe 

IIIrepirreMeJii K,03raJibiC AitHa.JIMa.Jibl K,03fa.TihiC 

<I>H3H- Benrirre- 8JI- <I>H3HKa- BenriJic- 011weM 

Ka.JlhTK, Hyi )l(9He rneM JlbiK, Hyi )J(OHC 6ipniri 

maMa <l>OPMY- 6ipniri maMa tPOPMY-
nachi JJaChi 

1 2 3 4 5 6 
Macca m Kr lfHepUHSJ I Kf· M2 

MOMeHTi 
)I( on s M Bypnmy cp pa,nHaH 

6ypbiillbl 

Xbm- Bypbllll-
,u:aM- ThiK, 
,U:blK, U=dS/dt M/C )l(hiJI.LJ:aM- <•> dcp/dt pa,ujc 

,U:hiK, 

Bypbirn-
Y,u:ey a=du/dt . M/C2 TbiK, t: d~tl/dt Pa.ll/C

2 

y.u:ey 

Kyrn F H Kyrn M =F·r H·M 
MOMeHTi I 

K,03ra- K=mu Kr lfMIIYJibC L• l<•l Kl' ·M2jc I 

JlbiC ·M/C MOMeHTi 
Men-
rnepi I 

(HM- ! 

rryJihC) I 

18 

1 2 3 

)l.uHa- F=ma H 
MHKa-
Hbll:l 

l'KiHilli 
'}aH.hi 
KH:He- mu2/2 ,[()1( 

THKa-
JlbiK, 

·.mep-
I'HSI 

HMrry- n 

JlhCTiiJ. 'Lm.U. = const 
i=l I I 

l'HK,Ta-

JJY 
'IUH.hl 

mig 

4 5 b 

,[(HHaMH- M=lE Kr 

KaHbll:l ·M2/c2 

eKiHrni 
JaH.hi 

KHHeTH- Io}/2 ,[()!( 

Ka.JlhiK, 
::mepnrn 

JiiMrryJihC n 
rl.w. =const 

MOMeHTi- . I I 
1= 1 

HiH. 
caK,Ta.JIY 

JaH.hl 

acep eTeTiH rnKHBKe 

ca.JibiHFaH )l(inTil:l FK 
Kepy Kymi 6onhm 

TYP· 
0Chl KyrnTiiJ. 

MOMeHTi (2. 7) <t>op­
MYJia apK,biJihi aHbiK.­
Ta.Jia.LJ:hi. )J(inTiiJ. Kepy 
KYilliHiiJ. HiHi IllKHB­
Til:l r pa,u:eychi 6oJihiii 
Ta6hiJia.LJ:hi. 

ft KymiH )l(HIIKe 

2.2- cypeT. 06ep6eK MaSJTHHri 

i.rriHreH m 1 ~iH. 
K,03faJihiC TeH..LJ:iriHeH 

Ta6yra 6oJia.LJ:bi. m 1 

~He eKi 6ip-6ipiHe 
K,apaMa-K,apCbi KYill 
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icep eTe.n;i; 6ipiHlllici m1g - ayoipJibii<; Kyllli, eKiHiliici.FK -

Kepy Kyllli. fit JKyri a y.n;eyiMeH iJirepiJieMeJii I<;03FaJibiCTa 
6onca, HniOTOHHnm; eKiHllli Jafl:hi 6o:Hnrnllla: 

m1a = m1g -FK. 

Ocni.n;aH 

F = m1(g-a). 
K 

a y.n;eyi Mb!Ha <l>opMyna.n;aH aHbiK.TaJia,nbl: 

2h 
a=2, 

t 

(2.12) 

(2.13) 

(2.14) 

MyH.n;aFDI h - t yai<;DIT apaJib!FbiH.n;a m1 )I{YKTil( TblllbllliTbii<; 
Ky:HiHeH 6acTan )l()'preH XOJib!. 

(2.13) xaHe (2.14) <l>opMynanap).lau FK Ta6ww;~hi: 

2h 
F =m (g- -- ), 

K 1 t 2 

an 6yn F K KylllriiJ: M MoMeHTi MDIHaFaH TCI (: 

2h M=F r=m r(g- - ). 
K I 

1
2 

(2.15) 

(2.16) 

EypnrrnTnii<; y.n;ey Chi3hJK.Thii<; y.n;eYMeH MhiHa 6afulaHniCTa 
60JIFaHbiH CCKCpCeK: 

a 
8=-

r (2.17) 
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< 'mmniK.TaH, M )I(BHe e-.n;i 6iJie T¥Pa aH:HaJIMaJihi 
K.YPhiJIFbiHhiH; I -HHep~IDI MOMCHTiH TaxipH6e.n;eH Ta6yrn 
{"}OJia.LJ;bi: 

I= M = m{2(gt2 -2h) 

& 2h 
(2.18) 

Erep 6iJieyrnenepre opHaThiJIFaH 111o xyi<Tep.n;i 
MnTepHaJI.n;hii<; HYK'fC peTiH.n;e K,apacThlpca~<;, I 06ep6eK 
MIIHTHHfiHiH: HHCp~llil MOMCHTiH MbiHa <l>opMyJia 60HhiHIIIa 
r~cmen lllbirnpyrn 6ona.n;M: 

I= 1 +4m R2 
.1.() 0 ' (2.19) 

Myu.n;aFDI I0- 6oc IIIbi6biJI.LJ;hiH: HHCp~IDI MOMCHTI, R­
l~llaJIMaJibl OChTCH 6iJieyrnenep.n;eri xyi<Tep.n;iH: ayoipJihli<; 
lll'IITpiHe .n;eH:iHri apaK,aiiihlK.TbiK,. 

4 • ./KjMbiCTb~ OpbiH,ll;aJiy peri. 
1. fioc Wbl6bi.JI)(b~ 10 HHepiUUI MOMCHTiH 3Hbn<;ray. On 

ymiH 6iJieyrnenep.n;i xyi<Tep.n;eH 6ocaThiiT, m 1 xyi<Ti KCJeK­

I<c·tcriMeH Kiiiii )I(BHe ynKeH IIIKHB .n;eHreneKTepiHe opanrnH 
t• K i )l(aF.n;aH.n;a OHbiH: h 6HiKTiKTeH T9MCH K,apa:H TY_CY 
ya~<,~>TThiH eniiiey K,a)l(eT. Co.n;aH KeH:iH xinTm ynibiHa Keneci 
"'J )I(YK'fi iJiin, eniiieynep.n;i K,a:H:Tanan xypri3y KepeK. 
)I( yKTiH: -rycy yai<;DIThiH ap6ip )l(aF.n;aH.n;a KeMiH.n;e yrn peT 
omuey K,a)I(CT. EcenTey KeJiH.n;e opTaiiia yai<;DITThl 
uat.\J~aJiaHFaH )1(9H. )I(YKTiH: -rycy h 6HiKTiriH eniiiey KepeK. 
I.JJ KHBTep.n;iH: r1 )I(BHC r2 pa.n;eycTepiHiH: MBH.n;epi 6epiJireH. 
0 Jrrney HBTH)I(CnepiH 2.2-KCCTere eHriJy K,IDKCT. 

2. ./KYfiTCJireH Wbl6biJI.LJ;b~ I HHepU,HB MOMCHTiH 
IIHbiK;fay. On yrniH mo TepT )I(YK'fi 6iJieyrnenep.n;iH: OpTaChlHa 
opllbiK.Thiphrn, 1-IIIi 6aiiTa )l(aCanFaH eniiieynep.u:i K,aHTa 
;+; yprby KepeK. CoHaH KeH:iH m0 xyi<Tep.n;i 6iJieyrnenep.n;iF( 
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• 

• ( I u :4Ef I=:r"'~ 
lo 

2.3-cypeT. AiffiaJIMam,J OCbTeH 
JKyKTep.ll;iH; a}'blpJibiiC ueHTpiHe 
,ll;e:HiHri apai<,<llllbiiO"hiFhlH aHbJIO'ay 

IlleTiHe OpHblK,Thiphm 
TaFhi ):(a emllcynep.l(i 
K,aHTaJiay K,IDKeT. 
AiiHaJIMa.TibJ OCbTeH m

0 
xcyi<Tep.l(il~ ayblpJihiK 
I.(empiHe ;•ettiHri R 
K,aillhiK.Tbl fhl 

<Pop Myna 
ecerrTene~i: 

MhiHa 
fiOHhiHIIla 

I 
R=r +l+..Q., 

0 2 (2.20) 

MYJi,l(aFbi r0 - illKHB Pa.l(HyChi, J! - IllKHU IICII 6iJieyrnere 

OpHaThiJTFaH JKyicriJi apaK,aillhlK,ThiFbi, f () JKyKTiH; 
¥3hiH,l(hiFhi (2.3-cypeT). 8nrney HOTIDKCJICpi 2. 3- KeCTere 
eHri3iJie.l(i. 

5. TaJKipu6e Ma.rriMerrepi. 

Boc mw6&m ywiu e.rrmey.rrep. 

Eoc illhi6hm ynrm enmey HBTIDKcncpi 

2.2-KecTe h,M IDj,Kr 1 r,M t~, c I t2,c 1 t3,c 1 t, c J 
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l 

r 

----

JKYKTe.rrreu WLI6LJJI ywiu e.rrwey.rrep • 
)I( YKTiH; ¥3hiH.l(hiFhi 10 = --------

)f(yKTUi Maccachi m0 = --------

XYKTeJireH lllhi6hm yrniH emney HaTIDKenepi 

2.3-KeCTe 

. h,M I r,M If ,M I m;,Kr I the I t2,c I t3,C I l,c ] 

9Jiwey uaTIDKe.rrepiu MaTeMaTHKaJibiK; e~mey. 

1ioc Wbi6biJI,lU>Ill; fo HHCpJUUI MOMCHTiH CCCDTCY. 
(2.14), (2.16), (2.17), (2.18) cpopMynanap KeMeriMeH a, 

r, M )I(BHe 10 rnaManaphiH ecerrTerr IllhiFapy. HaTIDKenepiH 
1 4 KecTere eHri3y. 

Eoc illbi6hm 10 HHepi.(IDI MOMeHTiH ecerrTey 

2.4-KeCTe 

t=- 2 
1', ~l Oi• 
M rr ·M4 

9Jiwey Jiep.ztia; K,aTe.rriKTepiu eceDTey 

S- opTarna KBa.l(paTTbiK; K,aTeHi aHhiK;TaHMhi3: 

n 
LM2. 

S = v i=l Ot 
n(n -1) ' 

(2.20) 
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MYlf)l:arhi n- eJIIlleyJiep.n:ia caHhi. 
Ke3.n:eH:coK, K,aTeHiH; ceHiM.n:iJiiK meri: 

M =S·tp 
0 n' 

(2.21) 

t%- n eJimeyJiepre K,aThiCThl P = 0,95 MaHiH;.n:eri 

6oJiaThiH ceHiM.n:iJiiK hii<;I'HMaJI.Jl:hiJihlfhiHa caH:Kec 
CThiO.LJ:eHT Ko3<J?qm:u;.u:eHTi. 

HanOiceHi MhiHa TYP.LJ:e xa3y K,a)l(eT: 

-
Io = ( Io ± L\10) Kr·M2

, E = L\10/ lo · 100%, 

MYlf)l:arhl E - eJimeyJiep.n:iH; CaJihiCThipMaJihi K,aTeJiiri. 

XYJITMreH Wb16biJI,lUalll; I HHCPIUIJI MOMCHTIH ecenTey. 

I HHepiJ;IUI MOMeHTiH (2.14), (2.16), (2.17), (2.18) 
<l>OPMYJiaJiap apK,hillhi ecerrTey. EcerrTey HaTlf)l(eJiepi 2.5 
KecTeciHe eHri3iJie.n:i. 

)I(YJ(TeJireH Illhi6hiJIJl:hiH; I HHepu;IDI MOMeHTiH ecerrTey 

2.5- KecTe 

r, mi, a, E, M, Ii, I, L\li, ~fi, 
M Kr M·c·2 c-2 H·M Kr·M2 

Kr·M2 Kr·M2 Kr2. M4 

8JimeyJiep.n:ia S opTama KBa.n:paTThiK. K,aTeJiiriH xaHe 
P = 0,95 MaHiH;.n:eri ceHiM.n:iJiiK hii<:fHMaJI.LJ:hifhiHa caM: 
Ke3.n:eH:coK, K,aTeJiiKTiH; ceHiM.LJ:iJiiK ~I meKTepiH (2.20), (2.21) 
Q:>opMyJiarraphi apK,hiJlhl ecerrTeH;i3. HaTlf)l(eJiepi MhiHa TYP.LJ:e 
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KCJiripiJie.n:i: 

I= (I± ~I) Kr· M2, ~ = ~I/l · 100%. 

(2.19) <t>opMYJia apJ<PIJlhi xcyi<TeJireH Illhi6h!MhiH; 
Hltepu;IDI MoMeHTiH ecemey. Ecenrey HaTIDKerrepi 2.6-

KecTeciHe eHrhirre.n:i. 
)l(:yi<TeJireH Illhi6hiJIJl:hiH; .HHepiJ;IDI MOMeHTiH riKeJieH 

oJIIney HaTIDKeciH.LJ:e aHhii<:faJiraH MaimepiH ecerrTey 
on.uaphiMeH IllbiFaPbiJIFaH MaH,UepiMeH CaJibiCTblpbiH;hl3. 

r 

(2.19) <J?opMyrraMeH x:yi<TerrreH Illhi6biMhiH; 
HHepu;IDI MOMeHTiH ecerrTey 

2.6-KeCTe 

11

, Kf R,M j
0
, Kr-M2 Iecen, Kr-M

7 
ITaJtdoH6e' Kf'M"""2 

6. llbiCbiiQ'8Y cypax;rapbl. 

Heri3ri 38H;hiH 
K,03faJibiCTbiH; l . .AHHaJIMaJibl 

IY*"'pbtM.LJ:aii 6epiH;i3. 2. KYill MOMeHTi, .u:Hepu;IDI MoMeHTi epe)l(errepiH 

hiPhiM.LJ:aHbi3. 
1 UlTeH:Hep TeopeMaCbiH 'fY)KbiPhiM.Jl:aHhl3. 
4. 06ep6eK MaHTHHI'iHiH; HHepiJ;IDI MOMeHTiH ecenrey 

liOil~YJiaJiaphiH K.OpbiTbiii IllhiFaPhiHhl3. 
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N!! 4 )f(YMbJC 

<I>H3HKAJibiK, MAHTHHK 

I. .JKYMMCT~ Mai<,CaTLJ: <I>H3HKaJihi.t<: MaJITHHKTiH; 
Tep6eJiic KeJea;iHiH; iJiy HyKTeci MeH a}'brpJihiK: u:eH'lpiHiH; 
apaK,amhiK,ThiFhiHa 6aitlraHhiCThiJihiFhiH TaJKipH6e 2fCY3iii,JJ;e 
aHhiK:Tay. EpKiH rycy y,n;eyiH aHhiK,Tay. 

2. K,brcK,ama TeopHJI.JihiJC; Kipicne. 

rapMOHHK3JihiK; Tep6eJJiC JK8He OHh~ CHRaTTaMaChl 
(1 JK}'MhiCThJH; 2-mi 6.K,.). 

<I>H3HK3JihiJC; MWITHHK ,n;en ayhipJihiK: IJ;eHTpiHeH (Macca 
IJ;eHTpiHeH) 9TITeHTiH K:03Fa.JIMaHThiH f0pH30HTaJib OChKe 

6eKiTiJireH )!(SHe COJI OChKe K,aThiCThi epKiH Tep6eJieTiH Ke3-

4.1-CypeT. <l>H3HKa.Jihii< MIUITHHK 

KeJireH K.aTThr,n;eHeHi 
aTaH,n;bi ( 4.1- CypeT). 

<I>H3HKaJihiK: MIDITHHK­
Till; Tene-Tea;,n;iKTeH 
Kimi a 6yphillihiHa 

a}'biTK:bJFaH,n;a rapMo-
HWIJihiK: Tep6eJiic )!(a­

caiiThiHhiH ,n;aJien,n;e:M:iK. 
4.1- cyperreri 0 -

$H3HKaJihiK: MIDITHHK 
Tep6eJieTiH K:03Fa.JIMa:M:­
ThiH f0pH30HTaJih OCh, 
C - MIDITHHKTiH; 
MaCCaJihiK: IJ;eHTpi, a -

$H3HKaJlhiK: MaJITHHKTiH; Tene-TeH;,n;iKTeH a}'biTK:HThiH 

KimKeHe 6yphrmhr. MMTHHKTia; mg ayhlpJihiK: KymiHia; 

K:YPaYllibrchr F OC Ty3yiHia; 6o:M:hrMeH 6aFhiTTaJIFaH, OC 2 
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ry·1yiHe nepneH.LJ;HKYJUip F1 - K,yPaymhi KYJII MIDITHHKTi 

I C IIC-TeH;,n;iK )l(aF.LJ:aMFa 8Kenyre ThlphiCa.LJ:hl. 

4.1- cyperre KepceTiJireH,n;e:M:, F 1 = mg·sina. Kiuri 
(jyphiUITap yuriH sina ~ a. MIDITHHKTiH; a}'bipJihlK: KyuriHiH; 
IIUIIaJiy OCiHe K,aThiCThi M MOMeHTi MbiHaFaH Tea;: 

M = F,d = -mgdsin a= -mgdsin a. (4.1) 

yu;~aFhr d - iJiiHy HYKTeci 0 MeH Macca u;eHTpi C 

UYKTcciHe ,n;e:M:iHri apaK,alllhiK,ThiK:, 51FHH F1 -KYJIIiHiH; HiHi. 

HllyC TaH;6aChl $H3HKaJihiK: MIDITHHKTiH; Tene-re~miKTeH 
I•ITJ<YhiHa 6ereT )J(aca:M:ThiH a}'brpJibiK: KYJIIiHia; K,apaMa­
llChi ocep eTezyiH KepceTe,n;i, 51FHH M- K,a:M:Tapy MOMeHTi. 

Ati:HaJIMaJihi K,03FaJibiC yuriH ,n;HHaMHKaHhiH; 2-uri 
lll•llla cy:M:eHe OThipbm (2.9) MbiHa <PopMyJiaHhi )J(a3aMhi3: 

IE= -mgd ·a, (4.2) 

ti)Uit'hl I - MIDITHHKTiH: a:M:Hany 0-0ciHe K,aThiCTbi 

. d2a 
IH'PIU•IH MOMeHTl, E = - 2- - 6ypbllliTblK, y,n;ey. 

dt 
(4.2) Tea;,n;eyiH MbiHa,n;a:H Typre KeJITipyre 6oJia,n;hl: 

d 2 a + mgd a = 0. 
dt2 I 

Frl'p x-Tbi 6yphiUITbiK: a}'biTKy a .nen TyciHceK 

(4.3) 

)!(SHe 

mgd 
.nen 6eJiriJieceK, oH,n;a (4.3) neH (1.8) caii:Kec 

I 
li. OH.na (4.3) Tea;,n;eyiHiH; rneuriMi MbiHa,n;a:M: Typ.LJ:e 

37 



a = a
0 

sin wt, 
(4.4) 

M¥HlJ:3Fhi <Xo- Tep6eJiiCTiH; 6ypbiiiiTbii<; 3MIIJIHTy..QaCbi. 

(1.3) <PopMyJI3Hbi Heri3re aJia OTbipbiii, <j)H3HKaJibli<; 
MruiTHHKTil{ Tep6eJiiC Ke3eH;iH Ta6aMbi3: 

T = 2n = 2nf- I . 
ro mgd (4.5) 

MaTeMaTHKaJibii<; MMTHHKTh( (1.15) Tep6eJiic Ke3eH;iHiH; 
<i>OPMyJI3CbiH (4.5) epHeriMeH CaJibiCTbipa OTblpbiii, 6yJI eKi 
MMTHHKTil{ Tep6eJiic Ke3eli.n:epi 6ip.neH: 6oJia..Qbi, erep 

L = I/md, 
(4.6) 

MyH..QaFbi L -<PH3MKaJibii<; MaJITHHKTiH; KeJITipiJireH ¥3blH..QbiFbi 
.nerr aTaJia..Qbi. 

CoHbiMeH, <PH3MKaJibii<; MMTHHKTiH; KeJITipiJireH 
¥3biH..QbiFbi ..Qerr rrepHO..Qbl <PH3HKaJibiK, M3HTHMKTiH; 
IIepHO..QbiHa TeH; 60JI3TbiH; MaTeMaTHKaJibiK, MaJITHHKTiH; 
¥3biH..QbiFbi 3HTaJia..Qbi. 

0 illy HyKreciHeH L IGlllibii<;Tbii<;Ta OPHMaCI<;aH 0
1 HfKTeci TeH;ceJieTiH ueHTp .n:err aTaJia..Qbi ( 4 .1-cyperri I<;apa). 

L - KeJITipiJireH ¥3biH..QbiK, ap yai<;biTTa d -..QaH YJIKeH, HFHH 
TeH;ceJieTiH ueHTp ap yai<;biTTa aYbJpJibiK. ueHTpiHeH TeMeH 
OpHaJI3Ca..Qbi. lllTeifHep TeopeMaCbi 60HbiHIIIa MruiTHHKTil{ 
3HHMy 0 ociHe I<;aTbiCTbi HHepuHH MOMeHTi MbiHaFaH TeH;: 

I= 1
0 

+md2 , 
(4.7) 

MYB..Qaf'hi 10- aifHMy ociHe rrapaJIJieJib )J(aHe M:aHTHHKTiH; 
Macca ueHTpi api<;biJibi eTeTiH OCbKe I<;aTbiCTbi ..QeHeHiH; 
HHepu,IDI MOMeHTi. (4.7) 8pHeriH (4.6)-Fa I<;OHbiii epHeKTeH 
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KeJITipiJireH y3biH.Ubii<;Tbi Ta6yrn 6oJia..Qbi. CoH.n:a 

1
0 

+md2 1
0 L= =d+-. 

md md 
(4.8) 

Ey.n:aH 6aHI<;aHTbiHbiMbl3, apK,aiiiaH TeH;ceJiy ueHTpi 
Mncca UeHTpiHeH TSMeH )1(3Ta..Qbl, HFHH L >d . 

<l>H3HKaJibli<; MaHTHHKTiH; iJiy HfKTeci )1(9He TeH;CeJiy 
lll'IITpi aybiCIIaJibl, HFHH iJiy HYK'feciH TeH;CeJiy UeHTpiHe 
IIVIoiCTblpCai<;, OH,Ua 6ypbiHFbl iJiy HfKTeCi )1(3H;a TeH;CeJiy 
lll'IITpiHe aHHaJia..Qbi, aJI MaHTHHKTiH; Tep6eJiiC Ke3eH;i 

11 epMeM,n:i (KeJITipiJireH y3hiH.Ubii<; e3repMereH..QiKTeH). 

3. Tmtdpu6e I<;OH,ll,.btpFbiCbi. 

K,o3FaJIM3HTblH ropH30HTaJib OCbKe iJieTiH KiiiiKeHe 
I t'C i KTepi 6ap MeTaJI.LJ:3H )1(3CaJIFaH 6ipTeKTi 6iJiey 
iJIH li1KaJibii<; MMTHHK 60Jibiii Ta6biJia..Qbi. lllTeifHep 
ICopCM3CbiH (4.7) rraM,lJ:aJiaHa OThlpbiii, (4.5) Q:>opMyJiaCblH 
Mlollla Typ.n:e )J(a3yra 6oJia..Qbi: 

T = 2n~l 10 + md2 
mgd 

(4.9) 

Macca ueHTpiHeH iJiy HfKTeciHe .n;eiiiHri apa K,aiiibli<:fbii<; 
d wu·cpce, oH,Ua Tep6eJiy Ke3eH;i T e3repe.n:i. CoH..Qaii- aK OJI 

I >Kar.n:aM,n:a IIIeKch.n:iKKe TeH; 6oJia..Qbi: 1) d = oo 6oJiraH..Qa; 
) ut1nany oci Macca ueHTpiHeH eTKeH Ke3.n:e, HFHH d = 0 
OJ II a 11.[(3. COH;Fbl )1(3F..QaM,lJ:a MMTHHK Ke3 KeJireH TaJIF3MCbi3 

lt' lll:·TCH;..QiK K,aJIIIbiH..Qa 6oJia..Qbi. T =f (d) TayeJI..QiJiiriHiH; 
t·Nttlmri 4.2- cyperre KeJITipiJireH. EiJiey.n:iH. Macca ueHTpiHil:( 

I .>t<afbiH..Qa KHCbii<:fap.n;biH; TeMeH TYCeTiH )1(9He )J(Orapbi 
I'Jil'tiTiH TapMai<:fapbi opHanacK,aH. fpaQ:>HK 6oitbiHIIIa, 

ll'Jl(ll'Jiic Ke3eH:..Qepi T d-HbiH. eKi MaHiH.n:e TeH. 6oJia..Qbi: 
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d == d, (TeMeH TyceTiH TapMai<Tap.n;a opmuracK,aH D,M 
HYK'fenepi), d == d 2 ()f(OFap.bi epneH:TiH TapMa.I<,Tap.n;Ln~ C,N HYKTeJiepi). 

.......... d ... ............. .. ::-,..; 
2 7' 

- d 
4.2-cypeT. T-HI.J:H; d-Fa 6aibramrcTblJU,IF.bllf 

aHLlJ<:raifr.blH rpacpHK 

( 4.8) ecKepe OT.bipLm, M )f(aHe N H}'KTeJiepi ymiH: 

2~r , ___ == 2~r Io + mdl2 Jlo + md22 

mgd1 mgd
2 

(4.10) 

EyJI <l>H3H:KaJI.bi.I<, MaJITHifKTi}{ KeJITipiJireH ¥3biH.n;.biF.bi 
ymiH MLIHa.n;aH: K.aTLIHacTapra anapnm coFa,.u:LI 

L ==d
1 
+d

2
, 

(4.11) 

RFHH: OC.bi Tep6eJiiC Ke3e~ffi.n;e MaJITHH:KTi~ KeJITipiJireH 
¥3.biHJ(.biF.bi CM TyJyi JKaHe DN TYJyi 6oJinm Ta6nma,.u:ni. KeJ 
KeJireH a6cl{H:cca ociHe rrapaJIJieJin Ty3y C.bi3LIK, eKi l<.H:Chi.I<. 
C.bi3hi.I<.IIeH l<.H:hiJILICK.aHJ(a eKi )f(yii HYK'fe 6epe.n;i. 8p TyJyre 
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MfHITHH:KTfrl Tep6eJiiC Ke3eH;iHiH; M8Hi )1(8He KeJITipiJireH 
V'U.IIIJJ:hiFhi caH:Kec Kene.n;i, an d = d0 6oJiraH.n;a Tep6enic 

'ICH.iHiH; M8Hi MH:HH:MaJI 60Jia.LJ:hl (A,B Hyx:Tenepi 4.2 -
ypcT). Byn )l(ar.n;aH.n;a L KeJITipiJireH yJLIHJJ:hiK. AB Ty3yiHm 

y·noJHJJ:hiFhiHa TeH; L =2d0• 

· fpa<I>HK 6oH:Lrnma rep6eJiic Ke3eH;iH T )1(8He coraH 
1 Hl'cini KeJITipiJireH Y3LIHJJ:hiFbiH L aHhiK;fayra 6ona.n;nr. 

llmlH COR; 

g = 4~r 2 L/T2 
• (4.12) 

IOpMynachi 6oH.biHIIIa aynrpJI.biK, KYJ.IIiHiH; y.n;eyiH aHhliO'ayra 
)Jill)( hi. 

4. XYMbiCTbiH; opblll,ll;aJiy peri. 
Apuailbi TipeK apK,bi.Jibi MasrmHKTia; Macca u.euTpiu Ta6y. 
Cbi3FhiiiiiieH Macca .u.eHTpiHeH ap6ip TeciKTiH; opTaChiHa 

"iuri apaK,aliihiJO'hiiO'hi d _:_ HLI eJIIIIeH;i3 (Macca .u.eHTpiHm 
I >KarbiH.n;a). MaRTHHKTi Ke3eK-Ke3eK ap TeciKKe iJie 

l'hlphlll, CeKYHJJ:OMep apl<,hiJI.bl 10 Tep6eJiiCTfrl t yal<,hiTbiH 

tiiiiCI(i3. CoHaH co~-~; T Ke3eH;.n;i aHhiiO<lH;hi3 T=_!_, 

MVIWifhi n- Tep6eJiic caHhl. 
< )mney H8Tif)l(eJiepiH 4.1 - KecTeciHe eHri3mi3. 

!i. TalKipH6e MaJiiMenepi. 

<l>H31fKaJI.biK, MaRTHifKTfrl Tep6eJiiC Ke3eH;iH 
emney HaTIDKenepi 

n 

4.1 - KeCTe x;r d,CM_T_" I t,c I T,c I 
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8Jiweureu uaTIDKeJiep.zd MaTeMaTHKa.JibiK; al{,ll.ey. 

d -apa K,aiiibi:KThi:K 6i.J:rey.n:m Macca ueHTpiHm 6ip 
xaFbiH,n:a OH:, eKiHIIIi )!(aFhiH.LJ:a Tepic MaH K,a6hm,n:ai1,n:hi .n:err, 
4.1- KecTe 6oi1:biHIIIa T = f (d) rpaqm:riH CaJibiH:bi3. 4.2 -
cypeTTe KepceTi.J:rreH,n:eM: rpa<l>HK eKi IQ1Cbi:r<;raH TYPYbi 
KepeK. 

rpa<t>Jn<Te ym TYPJii Tep6eJiic Ke3eH:iHm MaH,n:epi ymiH 
ym ropH30HTa.T.Ib TY3Y )K)'Pri3eMi3 ( OHbiH: iiiiiH,n:e T = T min 

yiiiiH). rpa<l>HK 60MbiHIIIa ap Tep6eJiiC Ke3eH:iHe ca:ti:KeC 
MaJ£THHKTm KeJITipL1:reH yJhiH.LJ:hiFhiH aHhl:r<;raH:bl3. CoHaH 
coH: ( 4.12) <t>opMyJiaCbi 6o:i1:hiHilla g- .n:i ecerrTeH:i3. 

EpKiH TYCY y,n:eyiH ecenrey 

4.2-KeCTe 

g;' Mjc2 ~g;, M/C2 

OpTaiiia KBa,n:paTThi:K K,areJiiKTi S - MbiHa <l>OPMYIIa 
6o:i1:hiHIIIa ecerrTeH:i3: 

S= (4.12) 

n 

L:fig~ 
i=) I 

n(n- I) 

MYH.LJ:aFbi n- eJIIIIey caHbi. 
Ke3,n:e:Mco:K K,aTeJiiKTiH: fig - ceHiM.LJ:i.J:riK IIIeKapachiH 

ceHiM.n:irriK hiKfHMa.T.I.LJ:biJibiFhi p = 0,95 6oJIFaH.LJ:a MhiHa 
<t>opMyJia 6oi1:bJHIIIa aHhn<:raH:bi3: 

L1g = S tnP· (4.13) 
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HaT](I)I(eHi MbiHa TYP.LJ:e )!(a3y KepeK: 

L1g = (g ± L1g) Mlc
2

; 
fig ·100%' E= -
g . 

MV••;laFhi e - eJIIIIeyJiep.n:iH: caJihiCTbipMaiihi K,aTeJiiri. 

6. IILIChiiQ'ay cypaiQ'apbi. 

I . K,aH.D:a:M Tep6eJiicTep rapMOHIDUihi:K ,n:err aTaJia.LJ:bi? 
l 'npMOHHIDihi:K Tep6eJiicTm HeriJri cHnarraMaJiapbr: Ke3eH:, 
MIIHiny,n:a, )!(l!li.J:riK, <t>aJa aHhiKJ'aMaJiapbiH 6epiiJ:i3. 

. <l>H3HKaJibi:K MaJlTHHK ,n:ereHiMi3 He? 
1. <l>H3HKaJibl:K MaJlTHHKTlH: rapMOHIDIJibi:K Tep6eJiiC 

l\\:lli.1ThiHbiH ,n:aJieMeH:i3. 
4. KeJITipi.J:rreH yJhiH.LJ:hi:K ,n:ereHiMiJ He? 
~. T =f(d) TayeJI.LJ:i.J:ririHm rpaqmriH TYCiH.LJ:ipiHi3. 

.N2 5 :IKYMhiC 

AY,L(APMAJihl MMITHHKTIH; KeMEfiMEH 
AYhiP JlhiK, KYIIIIHIH; Y,li,EYIH AHhiK,TAY 

(liECCEJih 8,11,ICI) 

I. )l(yMbiCTbiH; Ma.K,CaTbi: Ay,n:apMaiihi MaJ£THHKTi 
'Mummhm, aYbiPJihi:K KyniiHm y,n:eyiH aHhiiO'ay. 

, K,biCK,aWa TeOpHHJibiK; Kipicne. 
rllltMOHHHJibiK; Tep6eJiiCTep )K8He OHbiB; CHDaTTaMaJI3pb1 

I lKVMbiCThiH: 2-rni 6eJiiriH K,apa). 
H SHKaJibiK; MaHTHHK (N2 4 ~biCTbiH: 2-rni 6eJiiriH 

) ' 
, TmKipu6e K,OH)I.bipFbiCbi. 
lt111KaJibi:K MaJ£THHKTiH: 6ip TYPi ay,n:apMaiibi MaJ£THHK 

ltiJt•·• ( 5.1-cypeT). OJI y3hiH.LJ:biFbi 1 MeTp,n:eH )!(OFapbi 
Ill! I k..,lliaFa 6eKiTi.J:rreH eKi Tipeyirn rrpH3MM3H (A )!(a He 
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