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HA3ARNU MEXAHUKA ®AHUJIAH AMAJIAN MAIIFYJOTJIAR

1-AMAJIAA MAIIFYJIOT

Mav3y: CraTtuka. Bur HyKTajga yuramyvau Ky4wiar TH3HMHUHUHT MYVO3aHATHTA JJOUT
Macajajar eduin
1.1-macama. AC va VC crerxkennar o’3aro va Verrmkaa Ievor buiiad IIarduriar voCHTacuaa
burukturmran (1.14, a-maki). C maraurra orurmura R=1000H bo’nrax 1ok ocuinrad. Arar cTerKeHyar

0 0 9
oracugaru byruak « = 60 va AC crerkeH buman gevor oracumaru byrdak S = 30 bo’nca,

CTEDKHJIArMHIHT OFUITIUTHHY Xpcobra ofMail yiaraa Xocui bo’maguran 30 THKUIIDIAr aHUKIAHCHH.

1.14-makn
H3o0x. Crerken bo’#nab 1o Hanran 40’3yvad €KM CHKYVYH Kyd CTEKCHAArd 30 TUKUII Jieb
atamagu. Yo’3yvan KyumaH ¢ark KWINII y9yH CHKyVYH KydHH MaHQuil coH buian udomamaitmmus.
CrerkeHaary 30’ THKUII MUKJIOT KUXATH/IaH 1Ty CTEHKEHHUHT reakiust Kydu N ra TeHr bo’ masu.
Eunm. C miarHuray MoJUTHA HyKTa neb karab yHUHT Myvo3aHaTHHH TeKimramu3. C Hykrara
R=1000 H bo’nran verrukan mactra Ho HalraH OFUNIHK Ky4H Ko ¥miaran. AC va VC cTenkeHIarHuHr

reakius Ky4ard Iy cTerkensar bo’iab io’nanran bo’nub, ynaran moc ravumaa N Ba N, bunan
benrunaitmus. Hatwxama P, N , N kyunar C Hykrajga KecHuryvuu Kydiar CHCTEMAacHHH TalTKMJI
Taad. N, Ba N, reakuus Ky4WHH AHHUKJIANl yYyH KECHIIyVYH KyWiIar CHCTEMAacH MYVO3aHATHHUHT

reoMeTruk martuaan Qoinananamus. Ymra ko'ra (P, N , N ) kecumyvan xyunar cucremacu

tabcurugard C HyKTa Myvo3aHaTa bo’ IMIK y4yH YJIarHHHT T€OMETIHK HAFUHANCH HOJNTa TeHT bo’ Tuiun
Kerak.

P+ N Lt N , = 0
Sean P, N . N , Kyunalra Kyruiaras Kyd yubyrgaru énuk bo’numu kerak. Kyu yubyrgaruam gusumin

yuyH buror macmrabna uxtuéruit J| nykraga P kyunu o’3ura maramen ravuminad o’tkazamus (1.14, b-

maki). P xygaunr bommwm [1 va yuunaru E nmykranarman AC va VC crenkennarra narauien 4u3ukiar
o’tkazamu3. By umsukimarauar kecuinran Hyktacuan K buman benrmnmacak, xocwn bo’nram JTEK
yubyrdak uznanaérran €nuk ky4 yubyrqaruau udonanaiau. Bynna K/ va EK vekrornar moc ravumiia

N,6a N, reaxuus xyunaruuu udonanaitqu. JJEK yubyruakaunr KJ[ va KE tomonnaruau beruiran

mMacirrab burmuruaa o’ nmuab, l\#l1 Ba l(l , KyWIarHuHT MOJYJUTaIMiHY AHUKIAHMH3.

I\I1 Ba |<| , Jlarau JEK yubyrgakmasn TruroHOMETIHK #0’71 buian Xam aHHKJIam MYMKHH.
Xakukaran xam, scamra ko’ra AB [/ DE , AC [/ DK Ba BC//EK bo’nranu yuyn
KDE = =30°"Ba EKD = a = 60", bunobarun ADEK To’sru byruakmi byruaxzan

N = P = 1000 =1154 H

"osin e /312

N, = Pctg o =1000 +v3/3 =577 H

MYHOCB.baTJ'IarHI/I OJIaMHU3.

N , Ba N , mar AC va CV crenkennaruuar C mwarHuima TabCul Ky4dHH, SbHU Maskyr

CTeMKEHJIArHUHT [FeaKius Kywiaruau udonanaiay. CrerxeHaarnard 30 TMKUILDIAFHA TOMHII  YIyH
CTENKEHIArHUHT CHKWIMII €KW 40 3WIMIIMHKM aHHMKIaiiMu3. Arar reakius Kyud C marHurgaH crernkeH
bo’iiab #io’nasca, crerken wo’sunany; reakuust Kydyn C marHulma Mo Hauca, CTeKeH CHUKUIIAIN.
Bynu nazarga tyrub, tonwiran kywiarau C maraurra ko’icak, (1.14, v-maka), AC crerkeH

3



qy3MITUIIN va Ccv CTelKeH CHKHJIHIITHHA KO’ramms. Iy cababmn
S, =N =1154 H,S, =-N,6 =577 H.

1.2-macana. 1.15-makana rtacvurnanran AV Dbanka CD crermken — Vocuracuua
rorusonTan xomaraa Tyrub tyrunamm. Banka yumra rormsontra o = 60 ° byruax ocruma F=30
kH kyu tascur stagu. O’ muamiarau racmaan onub, CD crerkenaaru 30’ rukuin S va bankanuar
Jevorlra ko’rcaraaurad bocumu (5 anuknancud. A,C va D wmykranmarra va bamka maraurnar

vocutacuna burukturunran. CrerkxeH  Va banka marguriar vVocuracuma burukTuruirad.
Crerxken Va bankanarauar oruriuru xucobra onMHMAacuH.

Ay
"\
=
s "
1.15-maka

Euum. AV bankauusar myvoszaHaruuu Ttekimramus. Vasucuz CD crerkeHHuHr AV

bankara Tascurunun C mykraman D mykrara xarab io’mamran R reakius Kydd bunax

anmamruramMus. A WArHUIHUAET reakuus Kyduad R bunan benrunab, R Hunr iio’namummau

AHMKJIAII Y49yH bur Texucnukaa Eryvau va o’3aro naranen bo’Maras y4ra Ky4YHUHT MyVO3aHATH

xakuaaru Teoremanan Qoinananamus. By Teoremara acocan F, R, R, kyunar tascurugaru
Myvo3zaHaraa bo’nuimm yuyH Dy kywinarHuHr Tabcur uusHKiIarn Dur HyKTana KecHIIMIIHN Kerak.

Bunobarun, R , Ky9HUHT TabCUl YM3MKIard xecumanuran E nykraman o’ramu (1.15, b-

wakn). lynnait kunub, R Hunr tascur ynsuru AE bunan ycrma-ycer tymany.

x o’kau AV bo’itnab #io’wanturub, AE buman x o’x oracumaru byrdakau o bunan
benmrmnaiimuz. Kecummyvan Kywiar CHCTEMacH MyVO3aHATHHUHT TEOMETIHK Va aHAIUTHK
marrnaruaad goinananamus.

1. I'eomerruk ycya. By ycymra xo’ra F,R_, R, kyunarra ko’iuiran xkyd yubyrdaru
€nuk bo’ynmmm kerak. Kyu yubyrdaruam umsuin yuyn buror macmrabna uxtuéruiit M nykrana
Ky4HHU 0’3ura narauren ravumaa o’tkazamus (1.15, v-maka). F kyanuar bomu M va yuuparu
N mykranarnan moc ravumma AE va R jarra marayuren 4usukiIar o’Tkasub, ymarauHr

kecumran Hykracuau K buman benrmmaiimuz. MNK usnanaérran énuk kyd yubyrgaruau
udonamaiiin. Byaga NK va KM nar moc ravumina FEC 6a FEA reakiust Kydjaarau udoaaianu.

MNK kyu yubyrdaruauar NK va KM tomonnarunu berunran macmrabaa o’muab, R va R

KyWwIArHUHT MOJy/UTAlMHU  aHuKjiIaimu3. Slcamra ko’ra KyfwiraH Ky4 yubyrdaruHuHT
byrdaxnaru Kyiunaruaa bo’namu:



Z MNK ZELA =30°,

Z NKM

ZLAE =90° - «,

Bunobaruu, £ KMN =60 ° + «

R va R_  narau aHuknam y4yH cuHycnar reoreMacuaan Qoinananamums:

F RA RC C

: = - = - = ) 1.15, b-makanau:
sin( 90 —a) sin 30 sin 30 sin( 60 + )

CE — BCtg 60 °~/3: AE — ~JCE * + AC * = /7
) CE 3 ~ 21 AC 2 2~/7
sNn ¢ = —— = — = ———,C0S o = = =
AE 7 7 A ~N 7 7
OynraHnmu YIyH
F sin 30 ° F sin 30 ° 30 -1/2
R = = = =19 ,84 kH
sin( 90 ° — & ) cos « 2J7
Kavob: ) . ) . ..
R F sin( 60 + «a) F (sin 60 cos a + cos 60 sin «)
¢ sin( 0° — &) cos «
327 1 W2t
30 ( : )
- 2 7 2 7 _ 38,97 kH
27

7

2. AHaiuTHK ycyi1. Macaianu aHUTUTHK YCYI/ia €Ul yayH DUl TEKHCIHKIA eTyVUH
KECHUIIYVUH KywIal CHCTEMACHHUHT MyVO3aHAT TEeHIJIaMaJIarHu Ty3aMu3:

> X, =0;—Fcos 60°+R, cos =0,

>Y =0;Fcos 30°-R_+ R, sin a =0.

Oy renram  amapgad R, eéa R _sapnu  anuknaiimus

N |-

F cos 60 ° 30
R, = = = 19,84 kH ,
Ccos a 2

~
~

3 21
R.=Fcos 30"+ R, sin « =30 —+19,84 —— = 38,97 kH
2 7

Bankanunar gevorra xo’rcaramurad bocum Q — mmkmor kmxarumman Ra ra TeHr,
o Hanmuim 3ca yHra karama-xarmm bo’mamm. CD crerkeHaard 30°rMKHIIHE AHUKTAN YIyH

R_nu C mykrara ko’iicak, y C marauraan crerxen bo’inab io’nanamu, nemak, CD crerxken
40 3UIIA/IH.



Mlynmait kuaub, Q = R,=19,84 kH S=R_=38,97 kH

1.3-macana. V Hykrana maraul érmamuaa o’3aro DUrMKTHrMIrad TO'FIM 4M3uKiIM bur
xuHcn AV bryc buman o’ku uxTuéruid orru umsuk makauad VC o crebkennar burra
roruzonTaaa €ryvun A va C tasHwiarra xam maraul Vocutacuaa maxkamianrad. AV va VC

10’sru wmsuknal AC To’#ru umsuk bunan o = 45° Dbyrsak xocun xumagm. AV bryceusr
orurmurd R. VC crerken orurmuruan xucobra onmai, A va C TasHWIArHUHT eaKIusuiari
anuknancud (1.16,a-max).

AT
%%
= A
“a
&
Fa
1.16-maka

Euunm. [lactnab VC crerkennarHuHr MyVo3aHaTWHM Tekmmramu3. YHra berwiran
Ky4ialr Tabcul dtMaiau. Bormanmmpan bo’marumn xakuparum axcumomara acocan Vo va C

maraurnaray bornanum reakuus xywiaru R_Ba R _bunan anmvamruramus. VC crerxen

R, Ba R _xyunar tascuruna myvosanaraa bo’namu. 1-akcumomara ko’ra by xyumar mukuaor
)I(I/IxaTI/I[[aH TeHr va bur to’rru ymsuk bo’iab xarama-xarmm Tomonra o ’wamran bo’muiu
Kerax. R . Kyd V Hykrara R . kyu C mykrara ko’#uiranu tydailnu by xyunarausr tascur
ymsurn VC na éramnu. (1.16,b-mam1).

R, KyyHuHr Ho HAIMIIMHM Y4 Kyd Teoremacupan oinananub anuxnaimus.

Teoremara acocan, o’3aro naramien bo’nmaran P, R va R kyunar tascurumaru AV bryc

MyvVosanaraa bo’nranu ydyn R nuHr Tabcur umsuru P 6éa R, naraumsr tabcur yusuknaru
kecumrad O HykTagaH o’tumm kerak (1.16, v-maka). Bynnan tamkaru AV bryc myvosanaraa

bo’numm yayn ynra tascur styvaucun P, R va R kyunarra Kyrunrad kyd yubyrgaru €muk

bo’mumm kerak. Mxtuéruii M HykTana MUKAOl Va WO HAIMIIN aHWK l5 Ky4YHU MabIyM
macirabga o’3ura marayuten ravuempaa tacvurnaimus (1.16,r-maxi). M HykTagaH F\;; HUHT
tabcul ynzuru VC ra, N Hykranas sca IiA HUHT Tabcul yn3uru AO ra narayuien 4yu3ukiar
o’Tkazamu3. Ynarauar kecumrad Hykracuau K bunan benrunaimus. MNK kyu yubyraaruausar
nerumerru bo’#nua 3 Kyd WO HAIMIIUAA WIyHAAH aimanub o’TaMuskwy, HaTI/DKa)Ia Kyd
yabyraaru M mykraga €mmacua. NK va KM vekrormu moc ravumga R va RB Ky4larHu

udponamaiian. NK va KM uu berunras macmrab burmurupa o’mgab, RA va R; KyWIarHHHT

MHUKIOI'MHH aHUKJIAHMU3.



R, va R munr muxnoruan MNK kyu yubyruaruauar DAO reomerruk yubyrdaxka

o’xmanuryaad xam doiinananub anuknam mMymkuH. By yubyrdaknmarauar moc tomonnaru
nromoruuonan bo’namu:

R, R, P

AO DO AD
1.16, v-miakaga AE kecmanunr y3ymiuruau a bunan benrnnacak, DO=a, AB=DB=23,

AD = \/(AB )+ (DB )’ =2a+/2, AO = \/(AB ) +(BO )’ = a/5

Tenrnuknar o’runau bo’maau. Harmwkana (1) Hu Kyliugaruda E3uin MyMKHH.
R R ; P

Bynnan

R. =R, =R_Oymaun yayn
P2

4

IOxkoruaa ko’ rranumusaek, R .=

l.4-macana. A, V,C wuykranarma marauram burukturuaradn AV va AC vashcus
crerkennalr AD va VC vasacus crerkennar AD un Vocuracuna ynuab tyrunanua. A Hykrara

TOMM30HTAT TEKUCIUKAA E€TyVuM Va 0’3 Tekuchaurd bunan y = 60 ° byruak TamK@i STyVan
F=20 xH xyu4 tawcur staau. Arar
ABC = ACB = =45", AOE =a =30"

bo’nca cTerKeHIarqaru 30° r'MKUI Va UITHAHT TalaHTInK Ky4HM aHUKJIAHCHUH.
1.17, a-mmaka

1.17-makxa

Eunm. A HykTaHuHr mMyVo3aHaruHu Tekmmramus. A Hykta AD un xampa AV va AC
VazHcHu3 cTelKeHar Vocturacuaa ynuiab Tyrunamm.

Koorauuaranar bomman A Hykrana oiub, Z 0’KHE VelTUKa I0KoIMra o’ Haiaruramms, Xy

TEKUCIIUTH YI9yH F Kyd éTraH rorm30HTa TEKHUCIUKHH OJIAMU3.
A HyKTara Tabcul 3TyVuu Ky4iarau ko’rcaramus (1.17, b-maka). A Hykrara rorn30HTan

TeKucukaa €ryvuam berwnmram F xyu ko’dmnrad. Bormamwmmman bo’marmimn  xakumaru

akcmomara ko’ra AD HumHr A HyKTara Tabculu TaraHrimk kydn 1 xamma AV va AC



crerxennaraunr Tabcuruan N, N reakuus xywiaru bunan anmvamrurum mymxus. AV va AC
crelkeHnarauur yo’suwianu aeb xarab, N va N naram A mykrana moc ravumpa AV va AC

bo’inab io’nanruramus. Arar macananu euranaa N va N man¢uii nmoranu bo’nca, ynarra
MOC CTEIKEH CHKHUIIAIH.

A mykrara (F,T,N ,N ) xecumyvuu kyunmar cucreMacH Tabcul sTagu. A HyKTa

yuyH $a30/18 >KOWJIAITaH KeCHIIyV4d Kywial CHCTeMAaCHMHUHI MYVO3aHAT TEeHIJIaMaslaliHu
Ty3aMHM3:

2 X, =0;Fsin y—N cos g +N cos g =0,
2Y =0;Fcos y—N_ sin fcos a —N sin gcos a =0
2Z =0;-N_sin gsin o — N _sin gsina+T =0

By TEHIJIaMajial CHCTEMAaCUHU e‘-II/Ib, HOMabJIyMJIalHA aHHKHaﬁMI/IBI

F cos y sin ¥
N =—( + ) = 20 ,41kH
2 sin fpcos a cos p
sin ¥
N, =N -F——=-4,09 kH
cos S

T=Fcos y-tga =5,77 kH

N , HUHD manduii uimoranu bo’ mumm AC crerken bus ¢aras Kuiaranaek 4o’ 3uiMai,

banku acauaa CUKMIMINMUHU KO’ FCaTaan.

1.5-macana. Er cHarsau umrgu ofraHMHUHT Ccylyvum notrybkacu A Hykrazaru hiiok
orkanm o’ramuran va Jnebenkamuar D barabamura o’ranmran  kamarra ocwiran. A biok B
HyKkTana maraur orkamu va AE Torrkm &rmammpa  yunwiab tyrunamuran AB  mTanrara
maxkamanras (1.18, a-maki). Arar unausr taraaruk kyau E=0,4 KH bo’nca, AV mranra va
AE Ttorrkunary 30’rukunuialr agukiadcud. IItanrann maccacu va biox o’yiuamuiarn xucobra
OJIMHMACHH.

1.18-maka

Euum: Bioxkan o’muamuau xucobra onmmacax va AE torrku, AV mradra va uigarda
30’TUKUIUIAIHM  Kyd bunan anmamrurcak, A bmoxk 4 Tta bur Hykraza kecumryvVau

T,T,,S, ea S Ky4iar rabcuruaa MyVo3aHaraa bo’nmamu (1.1, b-racm)
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> X, =S,_+Tcos 40°-S sin 30" =0
Y =-T+S,_cos 30°—Tsin 40" =0

Kaerna
S, =T(@+sin 40°)/cos 30° =0,4(1+sin 40°)/cos 30" = 0,759 kH

Al

S,=95,sin 30 —Tcos 40 =TI[(1+sin 40 )tg30 —cos 40 ]=

AB

= 0,4[(1+ sin 40 °)tg 30" — cos 40 '] = 0,073 kH

Kavob: S, ~=0,76 kH; S, =0,073 kH.

1.6-macana. Kar er €rutmm kyrunvacuauar nammacu (1) xo’uma yeryn (2)ra AC
roruzonrtan vVa VC kus trrrak érmamuaa o’ ruarwiran (1.19, a-maku). Arar JJaMoaHuHr MacCacu
m=53,7 xr; 1oc=0,85 M, lyc=1,0 M ra Tenr, xamaa A,V va C tyrysnar marauriau bormaHrad
bo’nca, AC va VC crerkennaraarua 30’ TMKynnial aHUKIAHCHH.

a o
A %ﬂ A
Bﬂ# 7 15 Z
Bd ? Y\mg
Y
ek /
1.19-maxa

Eunm. C tyrynnu ynuiab Tyryvau cterkennaran Moc ravamaa S, Ba S, 30°rukumn Va
JAMITAHU MACCACHHHM YHHMHT OFMITIMK Kyurn M ¢ bumadn anmvamruramus. (1.19, b-maka.). Hly

xonarga C TYryHHM MyVO3aHATHHHM Karacak, TYryHra Tabcul KHIyVdd xamma Kydrar bur
TEKUCIUK A skoinammaau vVa butra C HykTaga KecUimam.

Koorauuar bomman A HyKTara >KoWigamTurcak va xy koorauuaramaram 1.19, b-
MIAKJIIATHACK HO HAITUICAK, DUl HyKTama KeCcHINyVdd Kyw4wial CHCTEMacHHH MyVO3aHAT
TeHrJIamMacH Kyiunaruia bo’mamm.

> X =-S5 +S5,-cos a=0

>Y, =mg -S_ -sin «

AVC yuabyruaxnan

AC

BC

CoOS a = = 0,85 »skaunuru kenub unkamu.

bynnau

sin @ =~/1-cos “a =~/L—0,85° = 0,5268



2-AMAJIMIA MALIFYJIOT
Mav3y: Kyu momenTaarnnu xucobaamra
AoMI MacaJjia eyl
2.1-macana. Kyunar kombaitnn wm bakaryvau KucMHHU Dyrumn yuyH ruaravivk JoMmkrar
unuiatwiaay. ['uaravimk goMkrar normenunard bocum P, yau aunamerru d Hu bmiran xonna,
YHUHT 30’ [MKUII MOMEHTH HII baxkaryvau KucM aitnanuim byrdaru ¢ ra Hucbaran aHukiaHCHH.
O’myamiary 2.1.-1makiga KeJITAMIrag.

a 6

2. 1-mak

Eumin. JIOMKIaTHUHT XOCHJ KHJIQMUIaH 30’ MK F = P .z -d’-h/4 bo’mub, yHm wm
baxaryvau kucm o’kura Hucharan MOMEHTH

M =F-h=P.zd” -h/4

by erma h-F xyammar O markasura mucharan enxacn, y OCV yubyraakman h = k -sin g
dormyna bunan anuknanaaun. OAV yubyrdakka cuHyciar TeoreMacura acocas

sin B = [b-sin (« + 8)]/¢

Va KOoCHHYCIal TeoremMacura acocan

¢=+b* +R*-2b-R-cos(a + 8)

JIArHU KUMATUHU aHUKJIANMU3.

Tomwrran h, SN S va € narum pomkratausr wm baxaryvan KUCM MOMEHTHHH TOIHII
dormynacura ko’ iub, yaunr npogacuuu

xd ? b-R-sin(a+ B)

4 b*+R*°-2b-R-cos(a + f)

2.2-macasa. Maccacu M=11.2 T bo’aran To’rrkurranmu byreymam MuHOracura, TEHT
tabcul otyvuncn F=30 xH bo’nram rorusonrtan #o’HanraH mamon Ky4d Tabcul DTaIH.
Munoranu DUKITUTMHA TabMHUHIANT MAKCAAWIA, YHH TO’ITTa KuMfracuaan bur-burura auaronan
TekucIuKka Hucbatas cummerruk bo’siran mmra maxxammanrad (2.2-maxs). Munorann AA!
Kurra arropuma arparuaumaard  bukrmmk  3axuracu  K=1,5 bo’nran  mycraxxkamiauraHu
TabMUHJIOVUN UITHUHT TArQHTJIUTMHU aHUKJIAHT. MHUHOIA 0’ Tyamuiard makiaga KeaTUlMIraH.

Hnova: Buxraux szaxuracu oeb, Munoranu ywnab myrywuu xyunarnu agoarunuu
Kufracuea nucbaman momenmaaru tiueunounarunu yHu azoaruwed xarakam sumNuu Kyuiraruu

M =P.
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wy Kurraea nucbaman momenmnaru tiueunoucued nucbamu buran anuxramyVuu xammanuxka
aumunaou.

Eunm. Wmnarparu Ty, Ty, T3 va T4 30°rukuin Kyuiaard MUHOIMAHU VEITHKaT O KUHUHT
Kaiicuaur bur HyKTacuaa KeCUIIyVuu Kywial TH3MMHUHU XOCHI Kunaad. (2.2, b-maka) va ynar
bur-burura TeHrIUrUAAH TOMM30HTAI TEKUCAUMKKA MFOEKIMsUIArd WUFUHAWUCH HOITA TEHT

bo’namu. By To’rrra 30’rukuin KywiardHH TEHT Tabcul 3TyVumcu R mumuora o’ku bo’inab
nacrra o’ nanrad bo’nub, yHuHT MOIyIH
R = 4T -sin 40°
ra tedr bo’manu.
By erna T- um 30’ TMKUIIMHUHT MOIYJIH.

2.2-1aKJI

Munorauu A A’  kurrara wucbaranm armarumumigas youiab Tyryvaum Kyaiar ui

30,rI/IKI/II_HI/IHI/IHF TCHI' TAbCUI 3TYVUUCH R Ba mé OFUIIMK Ky4H. By HMKKHM Ky4 XaM MHHola

0’ku bo’itnab nacrra ito’manras.
Arparmmnigan cakiab Tyryvau Kydiar MOMeHTIard WHFHHIACH

M  =(R+mg)6/2=3(4T -sin 40 ° + mg );

MuHoranu argarumra xarakar Kniyvaa kya Momeatu - M = F -10

By momentnarau bur-burura mumcbaru buxrowk saxuracu, sephu M = K - M
AKAHJIMTHHHU Xpcobra ojicax

3(4-T-sin 40 +mg )= K -F -10  bo’mamu, bynnan

T =(K-F-10/3-mg)/(4-sin 40°) =

(1,530 -10 /3-1,2-9,81) /(4 -sin 40 ") = 15,607 xH .

Kavob: T = 15,607

3-amMamii MaUIFyJa0T
Mav3y: Tekncankaarn Ky4jar CHCTeMacH MyV03aHATHTA A0UI MACAJIA €YU

3.1-macana. Ko’'m tacmManm ok ko’tarum (3.1-maka) mexanmsmu 1, 2 mKuviara
A£ MOMEHT Tawcuruaa bur tekuc ainanmokna. Tacma ywnaruparu TaraHriavkK Kydwiard

S1=147xH, Sy=113 xH bo’aca, O3, O, o’knarra rymaauran bocumar anukinancus. [Ikuviar

0
maccacu M;=785 T ; M,=225 n xamram byrdarm @ =190 = IlogmMnHMKIAIIATH UIIKATAHWII
xucobra onnamMacuH.
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ONIMH WINKAUIAHUIIHU Xucobra oJiMail TEHr O’JIYOVIIM AaiiIaHaéTrad TaraHrIall
FUIIMIAruHu Karannuk. By Funaurakka yHu OFUITTMK Kydd M»Q JaH TAMKAIA KyHUIard Kydaar
TabCcUl YTaau

1) FuAAMraKka KUlyVad UITHUAHT TAraHTIUrd S 21
2) FuIAMraKaaH YMKUD KeTyVIu MITHUHT TAraHTIUrd Sy

3) FUIAMIAK TASTHYUHUHT [€AKIUS KyIH Iioz ,

N |

3.1-maxn

VY MHKIOr KHUXATHAAH TAIIKH Ky4ial DOCUMUHUHT HUFHHIMCUTA TEHT, Dy reakmus Kydu

maknga X, 6a VYV , tamkun STyvummard  orkamd  Ko’fcatuiarad.  Yiaar  KoofauHara

CHUCTEMACUHUHT MOC O’ KJIarura Iaraiell »KOMIarag.
Vnar bur tekucnukaa érrammuru cababnu taraHrnam FUIAMIArKHAHT MYVO3aHATH YYyH Y
KyWHIary martiar bakaramuimm kerak.

Y X, =0, YV, =0 Y mo2(F)=0
yrnarau baxarcax
3 X, = X,, +S,sin10 =10

Y, =Y, -m,g-S,+S,cos10° =10

> M, (F)=8,r,-8,r=0

YuuHYM TEeHTIIaMaIaH.
s',=S,=113 kH
Buruuuu tenriamanad sca
X, =-S,sn 10" =-113 sin 10 ° = —19 .62 «H

02

Hxxkunun TCHIJIaMaJaH 3ca
Y, =m,g+S,-S,cos 10" =2,25x981 +113 —113 cos 10 * = 23,789 «H

0s

Bynman O, 0’KKa reakiust Kydu, €K 11y 0°KKa Tymaanrad bocum Kydu

R, = \/xj +Y) = \/(—19,662 )* + (23,789 )° = 30,837 xH

Ouau O 0’KKA O’FHATWITAH €TAaKJIOVUM IIKUVIa TabCUl KUIYVUIM KywlalrHM TaXJIWj
KWIAHIMK VA YHH MyVO3aHATUHH Kyrainuk. By yuyn yHu bornanunniarnan oson kumub gusub

onamu3 (3.1-maka). By runaurakka Kuryvau TACMAHMHT TalaHTIWIIMIN Ky49H S, , YUKYVUH

TACMAHMHT TArAHITIAWMII Kyan S,, Dy Tabcur va akc TabcHl KOHyHHIra acocad S, = —S, .By

KXV YYyH XaM Iy YCYJIHH Ko’ Jutab erakmovum runaurakau O1 0’kka boraguran bocum KYy4HHH
TOIIHII MYMKHH. ByHH tanabanaram o’3ura XavoJia KHJIaMH3.
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Buz xo3ur bomkaua io’nmHM Tyramu3, sbHM Kywial bur Hykraman bomka Hykrara

narauiesl KO 4Mruml TeofeMacHHH KO’ JutaiiMms. S,,va S, ,Kyann O; Mmarkasra maraien
KO'uhlamMu3 Va TeofemMara acocaH IIKMVHUHT XOJard o’3rarMaciurd ydyH Dy kywrarra
MoMeHTIarim Mi=Sir; va M2:§ ,r, bo’nran xybT kywiaraum ko’mmb ko’smu3. By erma ri-
eTaKiIovVuu MKUV (FUIAMIAK)HUHT raauycu. By MomeHTnarum WUFMHIKMCH —eTaKJIoOVUd

FTUnanlraKHu aﬁHaHTHrquH MOMEHTH buiax MyVo3aHaTiamaiu. BYHI[a O1 HyKTara Hucharan
OJIMHTAH Ky4 MOMEHTJIAIMHA WMFUHAUCU HOJTd TEHIVIMTMAAH XaM 3IMIivil MyMKUH. Kydnarau

O; markasra KO’4ulTaHMMM3AAH KEHUH mlg_ , 51, va Sg Kywiar bur Hykraga ydramryva

Kywiar cucremacuaad uborar bo’nmub xomamu. Bynarau Tenr tavcur styvuucu R; mry o’kka
tymaauran bocum kyunra tenr bo’nanu. YHu KocuHycar reoremMacura acocan xucobaimus.

R, =R, = \/(mlg +8)%+(S, )-2(m,g +S)S) cos 170 ° =

0

\/(mlg +8,)°+S; -2(m,g+5S,)S,cos 170 =

= \/(7,85 x9,81 + 147 ) + 113 * - 2(7,85 x9,81 + 147 )113 cos 170 ° = 335 ,865 xH

XKavob: R =335 ,87kH; R_ ~30,84kH .

3.2 macaaa. To’rr o’xkiau TeMul o’s kKranu (2.2-maki) XyQT FUIIUrakiaariiyd el CHUHT
A\V,C va ]l uykranarura beraguran bocum kyun anuknancu. Kran maccacu my, 10k Maccacu
Mok, XAMJIA KIAHHUHT Maccauialr Markasu K va yHUHTr o’ ruaMiary maxiia KeaTHIMIIraH.

b6 L

fFLQ.?” = ﬁ
. %_ LS9 = g O% 6B g 89 )

X BN D

o
4
- |..<~__-~“¢.__,_;..,+_W e e
‘N, 8. C [}
ZNa x LZNC
I MG 2 *m 20
3.2-makn

Eunm: Kranuu tasaunarnan bo’marub ymarmm N, N, N 6a N reakuus

kywiaru bunan anvarmrurub unsub onamus. (3.2, b-makur). Ynar Muknor skuxaruaan krad sxygr
FUIIAMIAKIArura Tymaauran DocuM Kydura TeHr Va Iy xonaraa Vertukan bo’iinua rokorura
MO’ HAITaH, TANIKY Ky4wial 3ca KIAHHUHT VA FOKHHUHT OFUIIIMK KyuuaaH uborar bo’nub ynar xam
VerTukaa Do’Winya o HAITAHINTH YYyH, KIaHHH 0K DuiaH kranra ¢akar TeKuc mnaramien
Kywiar Tabcur 3taau. ByHnan tamkara kraH aravaganaru reccor orkau bornanrannuru yuyH Dy
reakiust kKyawtarm Na=Ng va Nc=Np bo’mamu. Illy cababmu O; va O, markasra ko’ Wuiarad

reakius Ky4IardHH ylarHu TeHT TabCHl ATyVUmiaard Do’ mmwir 2N A 6d 2N c  orkam
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anMamTyarum MyMKuH Do’nmamm (3.2, b-makma). YV xonga KrAHHUHT IOKM — burranvkparu
MyVO3aHAT TeHTIaMacH Kyiuaard Ko’ ruaumira sra bo’ samu.

ZYkZZNA+2NC—prg_mmg:0
Z Mol(lgk)=—mxpg-C+2Ncb—mmg.(b+|):0

Wkkuuun tearamamad N . = 0 [m o T M (b + |)]/(2b) )
Burunuunnau sca.

NA/ = (mkpg +mmg)/2— N, = (mxpg +mmg)/2—
~gm c+m_(b+1) 1/(2b)=g[m, (b-c)-m 1/(2b).
N, =Ng=g[m_(b-c)-m,_1/(2b);

Havobs Ny Ny = glm e m, b+ 1) ]/2b).

3.3-macana. Byrry (3.3, a-maka) wHu yuoiab Tyryvau Dyrrynam MexaHu3MHHUHT
buruaun ManumyssTorn A HyKTana marHuliii Maxkamiaanrad bo’mub, ruaromunuaar 3 érmamuaa
MyVoszanamiamrad. Byrry o’ku bo’itnab F=19 kH 30’rukum ky4n tascul 3tand. MaHumynsTor
va byrryuunr orurmurm G, = 7.8 xH va G, = 6.2 xkH moc ravumpa C; va C,; Hykraiarra
Ko #miran. T'maroumnuuaar maccacuHu xucobra onmacaad, yHAard 30°fukuimn va A maraur
reakuusicu aHukjaaHcuH. O’ muamiar makiga KeITHIMiraH.

3.3-maka

Eunm: Manunynsatorau A HyKTaaard TasHYJaH 0307 KWIaMU3, S’bHU TasHY O FHUHU Ra
reaxius Kyuu bunan anMamturub yau srkus sxucemra aitnanturub onamms. [laknga Ra reaxmst
Ky4d YHHM TAIIKWI 3TYVUWIard OFKaIM TAcVHUITaHTaH. Y XojjAa MaHUMYJIATOl (3FKUH JKHUCM)
byrryruHr 30°rukuimn kyuu F, manumysstor va byreyHuHr orurmuk kywnarm Gipp va Gig,
THATOIMIMHAIHUHT 30 TMKUIIH S Va Ra reaknus Kywiara Tascuruaa MyvosaHarna bo’namm va
MYyVO3aHAT TEHIJIaMacu KyHuJaru KO’ MMHMINTA 3ra:
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[n
1Y (F), =X, -S-cos45° —F =0
|K:1

| n
(S (F,),=Y,-Ssin45’ -G, -G, =0
|K:1

| o
|LZ M,(F) =F-4.2-.cos 45" -G, -1.8-cos 45" — G, -4.2-cos 45" =0
k=1

By Tenrnamanar cucremMacuau e4ub THAFOMMIMHIIHY 30 TUKHUIIH S Va MAHUITYJIATOHU A

maraurra beraguran bocum kyuu (A marHurHu reaknus Ky4u) HU aHUKIaiMu3. ByHuHT yayH
TEHTJIAMATal CUCTeMACHHUHT YYHHYW TCHTJIAMACHIaH S HU TOTAMMU3, ShHU:

S=[(F-42-G_-1.8-G_-4.2)-cos 45°]/0.5 =

=[(19 -4.2-7.8-1.8-6.2-4.2)-cos 45°]/0.5=56.173  «kH
IMuaronuIMHANHUAT 30 MKW Ky49d S HU TONWITaH KUWMATHHH TEHTJIAMaIal CHUCTEMACHHH

buruHun va WKKUHYM TeHrIAManarura Ko’iub, ymarman Ra reaknuss Ky4MHHHT TaIIKWI
3TyVUUIalMHU TONIAMMU3, SBHU:

=S .cos 45° + F =56,173 -cos 45° +19 = 58,72 «xH

X
Y,=S-sin 45" + G, +G,, =56.173 -sin 45" + 7.8 + 6.2 = 53.72

kH

Bynarnan A marHurHuHT TO MK [€aKUKs KY9UHU TOTIaMU3, STbHU:

RAz\/x§+YA2 _\/58.727 +53.727 =79.586 i

XKavob: S=56.17 kH, Ra=79.59 kH.

4-AMAJIUA MAIIFYJIOT
Mav3y: (I)asozlam qu.nar CuUcTeMaCuHMn Myvo3aHaana
oMUY Macajia euuiln

4.1 macana.Oxckovaror mnatdormacu A, V, C rycenunanarra TasHaau, Koirad kuemu O
MarkasJaH O’TyvdM VerTHKall 0’K arropuiaa ainana onaau(4.1-maxi). AinaHyvuud KUCMUHHHT
orurmurd G; K nHykrara ko’#mnran va lag=b loc=C lox=r xamma « byruak octuma bo’sca,
berunaran ¢ HUHT KMMMaTJaruaa TasHYHH reaKiusiard aHUKJIaHCHH.

a o

4 1-maki

[Tnardormanm Gi orurimk, A, V va C Tasaunarmara Na, Ny va N reakmus xydiaraau
0’3 wuura oyiraH (asovuii Verthkan Kywial CHUCTeMAacu Tabculuaa wMyvosanaraa neb
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xucobmaiimus. Koormunuaranar cucremacuau 4.1,b-makaga Ko’ rcatuiaranaek >KoimamruraMmus.
[Tnardormanu MyVo3aHaT TeHINIAMATAIMHHM TY3HWIIAA XaMMa Kywiarau Az o’kura nucbaran
MOMEHTJIAIMHYU VA Dy kyunaraun AX va Ay o’kiaruaard nroeKuusulariHu HOJIra TeHr, Xxamaa by
KyWwIarHd KO’ICaTwiIraH O’KJa KeCHUINTaAHUIAH Na reakums kyuunu A, va Ay o’kiarura
Hucbaran MOMEHTIIArMHM HOJIra TEHT Xucobmaimus.

IOkorunarunargas ko’ ruHaAMKY, mIarGorMand MyVo3aHAaT MAlTH Y9yH KyWHaard ydra
TCHIJIaMa KOJIaau:

n

> (F),=N,+N;+N_ -G =0

1

-

K=

>

SN

[
|
|
|
I>M , (F)=N_-(b/2)-tga -G, [(b/2)-tga —C —r-cos ¢p]=0
E
| »
> M, (F)=G,[(b/2)+r-sihn p]- N, -b-N_(b/2)=0

LK:l

By tenrnamanar cucremacuaad (2), (3) va (1) renrinamanarau ketMa-ket euub:

1-2(C +r-cos @)

N.=0G
¢ ' b -tga
N C-cosa+r-cos(p+ a))
° ' b-sin
C-cosa+r-cos(p—a))
N, =G, ]
b-sin «
Jaray aHuKJIaiMu3.
XKavob:
N 1-2(C +r-cos @)
¢ b -tga
N C-cosa+r-cos(p+ a))
° ' b-sin
C-cosa+r-cos(p—a))
N, =G,

b-sin o

4.2-Macaaa. 4.2-maxaga A va V IOAMIMIHUKIAI OFKUIM TOMM30HTAI XO0Jarma Vau
o’ruarwiarad. Ymby varra raauyciara terunuinya rp = 20 cm., r, =15 cMm., bo’nran ukkura
MIKKMV MaxKamJjaHraH. MKKMHYM MIKUVra arkoH o’rairan bo’nub, yHMHT érmamMuaa oFulIuru
R=180 xH rok roxorura ko’ taruaMokaa. VaIHMHT OFUIIIMIMHN Xxucobra onmaran xomnaa A va Vv
NOAIIUITHUKIAIIATA TasHY [leakiusUlalrMHA  Xamaa FeMEHHUHT TOITHIMII Kydd T; HHU
aHuKJIaHcuH. VanHuer o muoviaru a=40 cm., b=60 cm., 0=30° ra TeHr. ReMEHHUHT TOITHIIHII
kywiaru T =T, ra tenr neb xabyn kununacHH.

Euumi: Ymby macananu ¢azovuii Kywialr CHCTEMAacCHHMHT MYVO3aHAT TeHriamasard
OIKUIH €YMJIaaH.

Bormanumnuiar akcuomMacura acocad Vaira akThV Va reakiust Ky4JIarmHM VEKTOI maKiInuaa
Ko’iiub, A va V tasHwiarau tanuiab roboramus va vaiau arkus sxucwm neb garas
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4.2- maxi.

Kb, yHra Ko’Muiarad Kywial TabCulMaa MyVo3aHar XosathHu cakiab Tyrmokma aeb xabyi
kwtamus. [akngan ko’ruaub tyrrammex barga kywnar yOz texuciourumd €rumubam, memax

yinarau Ox o’Kura nroekuusuialu o’ SKaH.
Tenramanar cucTeMacuHu Ty3aéTraHuMK3/1a aIaMacaiK yayH, Vaira Ko duirad barga
KyWIArHUHT TFOCKIMsIard Va YJarHuHr KoorauHara o’kjiarura Hucharan MOMEHTJIArMHU

KaaVaira Tyuuramus.
F, F T, T, R, R,
Foy F.-cosa T, T, Y. Y,
Fo, — F-sin a 0 0 z, Zg
m_ (F,) -F.r, T -1 -T,-n, 0 0
m,(F,) F-b-cosa 0 0 0 -Zy,-(a+h)
m,(F,) F-b-cosa -T,-a ~-T,-a 0 Yy -(a+h)

R = F skanmurunam ssrrborra OJ'II/Ib, KyﬁH,[[aFH MyVO03dHaT TeHIIamajalr CHCTEMACHUHA

€3amus ,
F.cosa +T,+T,+Y, +Y,=0 (@)
~F.sina+2,+2,=0 (b)
-r-F+r -T, -1 -T,=0 ()
F-b-sina - (a+b)-Z_,=0 (d)
F-b-cosa —a-T,—a-T,+(a+b)- Y, =0 (e)

Yuby Tenrnamanar cucremacuaa 5 ta Homabiaymnar bor bo’nmb, ymarau kyiimparnua
anukmainmus. Tp =2 -T, sxaunuruau dbTuborra onub, (¢) TeHramanax,

r, F
T, = =135 kH
rl
b-F
(d) Tenrmamaman  z = -sina = 54 kH
a+b
3-a-T,-Db-F-cosa
(e) Tenrmamanan Y, = X =69 kH
a+

AHUKJIAHTaH KHAMATIArHA KOJITAH TeHIJIaMaarra Ko ub, HoMabayMmiaarad aHuKJIaIHNT
JAVOM ATTUlaMu3, (8) TeHTIaMajaH,
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Y,=-F-cosa-3-T,-Y_, =-630kH

(b) renrnamanan, z, =F-sina - Z, =36 kH

[ynnait kuaub, baraa Homabaymnar aHukIaHIN, SHHU

T, = 270 kH, Y, =-630 kH , zZ,=36kH, Y, =69kH, Z,=54kH.
Ararpa A va V Hykranarnara reakuust KywiarHUHT TO’J1d KUMMATHMHM AHUKJIA 3aryr

bo’nca, ITudaror reoremacunan doinananub ynarau aHuKIaHMU3,
Kavob:

R, = \/Yj +Z5 = \/(—630)2 +(36)° = 631 kH

R, = \/v; +22 = \/(69)2 + (54)°

87,6 kH
4 A - AMAJIU MAILIFYJIOT

Mav3y: Curnanub va gymanab nmkaiaHuimnan xucobra omb skucm Mmyvo3zanarura
oMl Macasia eyuil.

4.5-macana. Hlaknga M=1250 kH M byrovun mMoMeHT bunaH XarakaTJIaHyV4d JJIEKTT
nebeIKaHWHT WITYH OITaH! TAaCVHIIaHTaH. JIebekaHu TO XTaTHII yIyH HKKUTA TOIMO3JI0VIH A -

KOJIOJKajar o’rHaTwiran bo’nub, Tormo3maHraH maitna yiar guck V. HM R-kyu bunan
CHKaJuJIar.

h)

4.9 - maxkJI.

Juckaunr raguycu r=600 MM bo’nica Ky4HHMHI MHKAOIMHM aHUKIAHT. Jluck buman
TOTMO3JIOVYH KOJIOJIKaJIar oracujaru uikananum kodgoumuentu f=0,5 neb xabyn KuinHCHH.

Eunm. /luckuu bornmanunuiarnad axratub onub, yiar o’rHUra reakiuslariHu KO sIMH3,
yJiar TOrMO3JIall MaiTHaa TUCKKa xar buru F - ra TEHT MKW KywlardJaH TallKWjl TONTaH
Kyt buian tavcur stagunar. XXy(QTHUHT eTKacu TUCKHUHT TaJuyCcH T - T'a TeHT.

Kynon koHyHu bo’iinua HIIKaIuI Ky4UHUHT KUMMaTH,
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F=f.N=f-R (a)

Ymby MexaHusM Myvo3aHarTAa bo’JMIIM Y4yH, IUCKKAa TabCHr ATyvdH barya
MOMEHTJIArHUHT WUFUHIMCHA HOJTa TeHr bo’ymmu mart. SepHm 8.5 b) makngad, AMCKHUHT
markazu C HyKTara HucbaraH MOMEHTJIArHUHT WHFUHAMCH HOJITA TSHT bo’ UK mIarT,

> m (F)=0 F-2r- M=0 €ku f-R -2r- M=0.
M 120

- 2~f~r: 2-0,6-0,5
bo’nca, komoakamaran R=200 kH ky4 bunan cukwui 3aryr SKaHInTrHHA aHUKJTHK.

Bynnan P = 200kH . Jlemak sebémkanu Tormosnamr 3aryr

5-AMAJIM MALIFYJIOT
Mav3y: HyKkra KUHEeMaTHKACHUHM AHUKJIATa J0UI MACAIA eYHILL.
5.1-macana. Hykra xarakaTuHUHT KOHYHU KyHMHMIard TeHriaMaialr orkaiuu ugoaaiaHrad
bo’mub,
2 kt .
X=2-a-cos 'y y = asinkt (5.1)
Iy HYKTAHHHT TIACKTOIMSICHHHU VA 1y Traekrorus Do’inmab xarakar koHyHH aHuKiIaHCcHH. By
erna avak kuiimMarnar o’3rarmac KaTTanukiaraur.

Euumi: Macananu e4uiiHg HyKTAHUHT TrAeKTOMMsICHHY aHUKTANIIaH borniaimus, DyHHHT yayH
KyWHJIArd TTUrOHOMETIUK o’3rarTirunuiar KuruTaMmus,
) ~ kt kt ) ~ kt kt
sin kt = 2sin —.cos — EKu y = asinkt= 2asin —.cos—
2 2 2 2

bynra acocan (5.1) renrnamanu Kyiugarunya €3ub onamus,

, kt 5 , . o Kkt , kt 5 ., kt
X=2-a-cos —, y =4a'sin°—-.cos"—, éxm y =2-a-x-sin-— (5.2)
2 2 2

2
(5.2) TenrnmaManarauHr buruHYHCH Va OXUITUCH OFKAIH,

2

y
X+ —=2-a Gyuman x_+y =2ax, éxkum (x-a)  +y’=a’ (5.3)
X
JIeMaK HYKTAHUHT TraekToruscu, Markasun OX O’KMHHHT @ - HYKTacH/a JKOMIAIITaH raanycu a -

ra TeHr bo’nran ainananad uborar sxau (5.1- max).
¥ |

5.1-mmaxn

Maxknma O wykra /[lexarr koormuHaranarHuHr bomm, O; - HyKTA TraeKTOIMSHUHT
markaszu, O, - HykTa Tabuuii o kaarauar borm kunmub benrunanras.
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Ouau 1y Traekrorust bo’imab xarakat KOHYHUHHM aHWKIaimu3, DyHuHr yuyn (5.1)
TeHrnamMatarau qudderenmuamianmums,

kt kt
dx = —2acos—sin — = —ak sin kt - dt,
2 2

dy = ak cos kt - dt (5.4.)

ds = \/(dx)z + (dy)? = \/(—ak sin kt)® + (ak coskt)® = akdt

OXHITH TEHIJIAMAHM HHTerfauiab, HyKTAaHWHr Iy aildaHa MIAKIHIArd TraeKTOrus
bo’iinab xarakar KOHyHHHH aHHKJIAHMU3,

jds:akjdt = s=akt+C, (5.5.)

DOuau Xxarakar Dormianranad HyKTa TrAGKTOMMSHUHT Kaeluaad IKOWIAIITraHIuTHHA
aauimam yayd, (5.1) tenrmamanarmaru t - vakrra non kumiimar berub, xo va yo - nmaram
AHUKJIANMU3,

k-0
X,=2-a-cos’ = 2a, y, = asink -0= 0 (5.6.)
2

Jlemak xarakar bomnurtanranna mykra traekrorusHunr, Ox o’kuaa €rraH Xo=2a, sau O3
HYKTaJa >KOUJIAIITaH JKaH.

Ouau Tabuuii o’KIarHUHT DomutaHFUy HyKTACHHH, Kaerna tammab omummimusra borimk
ravamga xarakar KOHyHuaaru uHterfan goumuiicu C; - HM aHukimaimms. Arar tabuwmit
o’kyiarHuHr Koorauuara bomm neb, xo=2a va yp=0 wuykranu tammab oncak, t=0 c. ma s=0 m.

bo’namu, bymaram  (5.5) dormynara  ko’icak C=0 ra Tteur bo’mam,
Sp=ak-0+C1=0 = C;=0 pgemak HYKTaHUHT Xarakar KOHYHH,
s=a-k-t (5.7)

TEHTJIAMA OrKaIu Qo garanar SKaH.

Tabuuit o’kauHr Koorguuara bomu cudarmma Jlexarr o’xmardauar bomwHu Tammab
oicak, y xouaa t=0 ¢. na sp=n-R=n-a - ra tenr bo’nanu, va xarakar konyuu, Sp=ak-0+C;=m-R
= C,=n-R=m-a bo’naau, nemax HyKTaHUHT xarakar KoHyHn S=aki+m-a ra TeHr bo’mamm,
€KH,

s=a(kt+m) (5.8.)
KO ’ruHumga bo’maay.

Hykrauunr traexktorust bo’inab To’auk bur marra aiinanub 4uKuIng yayH KeTrad VaKTHHA

AHMKJIANI YYYH, SHA HYKTaHH (=27 raauadra Dyrumuimy yayH ketrad VakT T - Hi aHuKJ1aiMus,

27
o =kT =2x = T=— (5.9)
k
5.2-macana. ormzonTanm o’Hamumpmard Vo - bDounurasrud Ttesnuk buman  orub
roborunran HykTa,
1 2
X=v_ -t, y=—g-t (5.10)
2

KOHYHUSAT bunan xarakar KuiMokzaa, Vo va g - o’srarmac kuiimariar. Illy HykTa XarakaTuHUHT

TIAeKTOIMSCH, TE3JIMTH, yIHHMA VA HOIMAaT Te3JIaHUILIAlrd aHWKIAHCHH. XamJa HYKTaHUHT

UXTUEIMNN XOJIATUIATH OHUMN STTHINK [QUYCHHHA aHUKIA (OorMysiacu KenTurub YuKariicuH.
Eunm: (5.10) tenrnamanuur burunuucupan Vvakr t-um, X ofkamm udomamainMus,

CO’HFra YHHU HUKKUHYKUCUTA KO’ﬁHb, HYKTaHI/IHT TIra€KTOIMA TCHIJIAMACUHU TOIIAMMU3,
X g )

t=— = y= - X (5.11)

2
v, 2v
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JleMak HyKT@HHHT TraeKToruscy, koornuaara bommnan bommnanran narabonanan uborar
skan (5.2a maki).

O b e O X
M T, My
& _ ¥ a,
[
-— i - t
a, U T [F
a Gy a
y y 4

5.2-makJ.

5.2, a-mAKINA TEe3JIMK VEKTOIMHWHI HMKKW XWJI KO FMHMINM, KEATUruiarad, tabuumii
o’xnarna y dhakar yruama o’k bo’inab o wanamu, dexarr o’knaruaa sca Ox va Oy o’kiaruaaru
nroekuusuiary Mavikyn bo’nub maknna ynar racvurianras.

(5.10) tenrmamanarman Vakr bo’iinua bur marra xocwnaa onub, HYKTAHUHT TE3TUTHHH
AHUKJIANMU3,

V,=X=V,, v,=y=g-t = v:\/)'<2+yz=\/v§+gztz (5.12)

(5.12) dormynanan (t=0 C.) ma HYKTAHHHT TE3JIUTH Vo - rd TeHT Do’JiraH sKaH, co’Hrra
YHUHT MOJIYJIM MyHTa3aMm ravuiiaa ortub borar sxas.

(5.10) Ttenrnamanarman Vaxkt bo’#imua wuWKkH Marra Xocwiad onub, HYKTaHHUHT
TE3NMAHUIINHN aHUKIANMHU3,

a, =%x=0, a,=y=g = a:1/ai+a§=g (5.13)

5.2, a-makjaa TO’JTUK TE3JIAHWII VEKTOIMHWUHT WKKH XWJI H(OIACH TACVHIIAHTAH
bo’nub, Tabunit o’xnaraa yruama va norman o’kiar bo’inab #io’nanamu, Jlexarr o’knarnaa sca
Ox va Oy o’knaruaaru nroekuusuiary Mavskya bo’nmub maknga ndonananras.

HykTaHuHr yrMHMa Te3NAHUIIMKHU Tomamus, DynHuHr yuyH (5.14) ¢ormynanaru

TE3NIMKHUHT (PYHKIUACHIAH VAKT Do’ finua xocuna onamus,
dv g 2t g 2t
- - (5.15)

a_ = = =
* 2 2,2
dt  Jv?Z 4 g’t v

Horman Te3nanaumran AHUKJIAl Y4YyH, KyﬁHHaFH VEKTOI TeHIIaMara MylroxxaaTr KujiaMus,

2 2 2 2 2 2
a =a_+a = a =a —a
T n n T

(5.13) va (5.15) TenrnamanargaH TE3MAHUNUIAIHUHT KHHMAaTIardHU FOKOIMJIard TEHTIIHKKA
KO’¥cak, HOrMaul Te3JaHUITHUHT MOAYJIMHH aHUKIAHMU3,

4,2 2,2 2,2
2 2 2 2 2 gt _ gt _ gt
a,=a’ -a. = al=g’ - = a, =g.,1- =g f1-——

éxn

a = — (5.16)

Hyxranunr onwuii srrunuk raguycunn (5.17) pormynanan aHukiaimMus,
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2 2

a 9V, g-v,

P—v2 = p= ve B 2 2,2 2 2,2
(Vo + g7t )qv, +0°t

(5.17)

IOkorunarunaraan ko’runub tyrubauku, ararna xarakar konysu berunran bo’nca ynunr
TIAEKTOIMSICUHU, TE3JUTHHH, TE3JIAHUIIMHUA Va UCTAITaH VAKTAATHM OHHWM ASTTHIMK FaauyCHHHU
AHUKJIAIIMMA3 MYMKHH JKaH.

5.3-macana. Camocvan MamMHACHMHM TOIMO3JIAraHja MAaIIWHAHWHT CEKWHJIANTYVHHTH
XarakTeriovuy Te3NaHuImHUHT KuiMatu 0,8 ¢ qavomMuaa VakTra mnronoluoHal ravuiga HolaaH
3,2 M/c? o’camu va keknH o’zrarmac bo’mmb komamu. CamocvamHuHr Tormosznam bonuiadran
vakTaard tesinuru 18 kM/coar bo’nca, TorMosnamn VakTi Va TorMo3 o 11 TOIUIICHH.

Eunmi:MacanaHuHr 1martura acocad CaMOCVAIHHMHI TOIMO3JIAHMIN VAKTH HWKKH OavInaH
uborar bo’namm.

I-rormoznanum navru 0 <t <t , oranukaa xarakar TeKUC CEKMHJIAHYV4u bo’nanu, sbHu
Te3anun kamainub boraam va yHuHr abcomroT KuiMaTH VakTra mromoriuoHaN ravuiaa a=ct

a
KoHyH buman O 1aH amax rada o’cagu. By erqa C=—""- nronoruoHaLIuK K03()UIHECHTH.
t

1
Uly navr ydyH TE3JIMKHH O’3raluill KOHYHHHH TE3JIAHHWII KOHYHHSATHHU HWHTerrawuab
TONAMM3, SIbHU

dv
a=—mgan dv = a-dt = (—) - t dt reurnamanu
dt t,
t=0 da V=Vg
t=t; m1a V=V,

bonuranruy va yeraravuii marriar acocuaa UHTETTAIaiMu3.

a
dv = (—==) .t .dt
t

1

2

a t
V — max - — + C s
t 2

1
Bommanrnu mwartnarau xucobra oncaxk C1=V, xkenub ynkaam.
VY xomna nry oranukaa Te3MUKHA 0’ 3raruil KOHYHH

a , a
V =V + =t =Vo+ﬂt
2t 2

1

1

Ko’ runuaa bo’ naaum.

Iy navrauer oxuruaa t=t; na v=vi skaHiIuruaas

Camocvaiau tormosnam bonutanrangaru tezmurun Vo=18 kM (coar=5m/c) va Te3naHMI
CEKMHJIAITYVHHUHT MaKCUMa KHHMATH amax SKAHJIMTHHH Xpcobra osca Tormosnamr buraHuu
JAaVIMHUHT OXHUIMAA cAMOCVal TE3JIUTH

3,2-0,8
=5+ ——=3,72 mlc
2

bo’namnu.

Il Tormo3nanum qavru (t1< t < t ) Ja Te3JTAHMII CeKHMHIIAITYVH 0’3rarMai amax ra TeHr
2
bo’nub konamu. YV xonna
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TEHIJIaMa
t=1 maV = V1

t=t ga V=V,
marTiaraa nHTerfamiacak
V=amax.t+C>
t=t; na V=Vymrunaa
Cz =Vi-amaxt1
keub unkaau. Y xosa 1y 1avl yayH T3k
V:amaxt+V1-amaxt:V1+amax(t-tl)

KOHYH Dbo’#imya o’zrarub vigam TOrmMosmanmmn navruauHr oxuru t=tx ma V=V,=0
KUHMAaTra Srumaau, SbHA

0:V1+amax(tT't1)

bo’mamu.
By Tenriiamanad TorMo3aaHuIn VakTy tr Tomuanm.
V, 3,72
tr= +t=- + 0,8 =1,9625 ¢
a 3,2

max

Tormo3nauuin buruHYy Va UKKMHYA navrmuaa T€3JIUKIalHu 0’3raruim Moc ravuuaa

a
R
2t,

V.=V +a_ (t—tl)

KOHyHUATIAl bunan udonaraHuimMad Duiran xonaa TOrMO3JIAHMIN HO’JIMHK KyWHaarnda
AHUKIAMU3.

St tT t

! a
S =S, +S,=[ds = [v-dt = [(v,+—-t")dt + [[v,+a_ (t—t)]dt = (v,t)+
0 0 0 2t

t
1 1

&

t1 2 &
+ amax . t_)
2t 3

1

3
t a t a 4,
J‘+ [vit+a,,, (?— t1t)]J: vt + thax R v (t, —t)+ —m[—t
0 t,

.t

1

3,2 4 2
+t (t —2t)] =5-0,8+3,72(1,9625 —0,8) + [—-0,8° +

+1,9625 (1,9625 - 2-0,8)]
JKavob: t1=1,96 ¢; S1=5.83 m.

6 - AMAJIUM MAILFYJIOT
Mav3y: KarTuk "KHCMHHUHT ailJIaHMa Xarakarura 10Ul Macauia e4nil.

6.1- macana. Jlenranmm (tacmanu) KoHVeierHuHr wm yaymaormura Q=4800 t/coar,

JCHTANArH TIYHTHUHT KO HAATAHT KecuMm tfo3acu  A=0,2 M2, IOKHUHT CcOYMa 3UWINTH

y =1,6m | m°, y3armm barabanuauHT aitmammm sactotack (MEHYTHTA AiTAHMIIIAT COHN)HA
TOIHUHT.

Eunmr:
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JlenTtanu KoHVeHderna 10K y3JIyKCU3 TAlIWJIAAW VA TTYHTHHHI KOHVeEWel JIEHTACUIaru
KO HIAIAHT KECHUM [03acH KOoHVelel y3yHjaurd bo’finya yHH HWIDIam maviuaa bur xum gecak,
JEHTAHUHT 1 MeTI y3yHJIUTUra TYTrTU KeJIaIurad riyHT Maccacu

qg=(A-1)-»-1000 =1000 Ay
bo’nmagu. Y3nykcu3s 1ok TamyVau MamdHaIArHH YHYMIONIUTH ¢ 0K TAlIyVdd KHCMUHHUHT

bur merr y3yHIMrumard TOKHHHI MAaccacura Va YHUHI HIIYW Te3nurura Dormuk bo’mamm va
KyWH1arnda aHuKJIaHAIH.

3600 -q-v 3600 -1000 -A-y-v

1000 1000
Arar nenra barabanuu curtuna curnanMaiay 1ecak YHHHT TE3IUTH

V=w-D/I2=(x-n/30)-D/2=rzdh /60
By erna  -barabauuunr byraaxmu resmurn, [¢™].

= 3600 A-v-y

VY xonga kouVeierauur yaymaormuru Q=60Arz - D -y wudona bunan anuknanagu. OXurru
udonanan barabanauHr MUHYTHTA AfiIAHKIIUTAN COHU N KyHHAAruya aHUKJIaHAI1

Q 5310 °Q 5,3-10 °-4800 )
n = ~ = ~ 79,6 mun
60 -A-7-D-n-y A-Dy 0,2-1-1,6
»Kavob: n~53-10 "-Q/(A-D-y)=~79,6min

6.2 —macauaa. V=4m/c te3nuk bunan xarakariaaHaérrad Konveier mearacu guamerrun J[=160
MM bo’nran ronuka tasuaam. (6.2 -maka). Ananum o’ kunad loe=1,2 MM Macodana sxoinamras
FOJMKHUHT OFUIMHK Markasu bo’naram C HyKTAHUHT TE3JMAHUIIMHK AHUKJIAHT. JIeHTa royuK
bo’iinya curmanmacaan xarakarjiaHaiq.

6.2 -mmakJa
Evunm:
JleHTaHu rONMK CHITHAA CHITIAHMACA, JICHTAHWHT TE3JIMTH [OJUKHUHT Dyrdaxin te3nurura
TeHr bo’nanu ury cababnu romukaun byrgakmu tesmuru

2V
w = —
D
¢ormyna bunan Tonunaam.
JIeHTAHUHT TE3JIMTH O’3rarMacjiWruaaH FOJMMKHKM Dyrdakiau te3murd o’srarmac, byrgaxmm
teanmuru 3ca 0 skammuru kenub umkamm. By sca 0’3 mavbarupna rommkam C HYKTACHHUHT

TAHTeHIMAHAT Te3MaHumu xam 0 skauiauruHu ko’rcaragu. Y xongad C HYKTAHUHT TO’JIMK
TE3JIAHUIIH, YHUHT HOIMaUT Te3yianuinara TeHr bo’ub xonanu, ssbHu

2v 2,4 .
a,=ay,=0" 1, =(—) 1, =(——5)"12:100 " =3u/c’
D 160 -10

»Kavob: ac=3 m/c’
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6.3- macama. Jlaxm o’Tyvur KOMDAWHHHMHT QiJIAHYVYH WINYM OfTAHWUTA KOHIICHTIMK
aitmananaru bo’fimua kecumn yckyHanmaru (tumniar) skoimamrruruaran (6.3-maki). Keckuwnar
JKOMJIAIITaH aiyadaiar oracuigard macopa h=200 mm. Kecum Tesmurm Vi1=1,6m/c va
V,=1,4m/c. AlsIaHuII 4acToTacy N Va WYY OfTAHUHUHT JUAMETIA aHUKJIAHCHH.

6.3-makJa

Egym:

V; Te3nukka ara bynaran Tum sxoinamran aiiana quamerruau [, aeb benrunaimus. Tumiar
ofacumaru h wmacoda my THHUIAr SKOWJIAINTaH AaWjgaHanar ragnyciaardHu —aurmacura
TEHTJIUTHIAH

D,=D-2 h
kenub unkany.
UIIYK OFTaHHUHT Dyryakimu te3nuru

\Y \Y \ \

= — = *— JUrpjaH — = :
D/2 D,/2 D D-2h
kenub ynkaau. Bynnan

2v.-h  2.1,6-200 -10 °

w

D = = =3,2m
V1 — V2 1,6-1,4
Miruum orraHHUHINT AMJIAHUII YaCTOTACH
30w 30 v 30 -1,6 .
n=————= —. = = 9,549 min
T z DI2 x-3,212

Kavob: n~9,55min ; D =3,2u

6.4-macana. 6.4-makana raguycu -r; ra Teur bo’nran Tunum ruaurak I, ragmycu - r; ra
teHr bo’nran Tunum runaumrak |l buman tamku tenamyv orkanu bornmanran.  Buruxaum
FIJIIAIAK @ - Dyrgakmy te3nuk va € - byrdakiu te3nanuim bunan aitnanma xarakar KUiMoKIa.
Il Funurakauar byrgakmm tesmuru o va byrgaknm tesnanumm-g;, Va 1y FUIIIUrAKIArHUHT
TYTaIIraH HyKTACHHUHT yIMHMA VA HOIMaJI Te3IaHUIITAIMHN AHUKJTAHCHH.

Euum. Tunomm Funaurakiaragiar TyTamrad HyKTaIardHUHT Te3THKIard xar goum bur
burura tenr bo’mamm, mry cababnm ymarman vakr bo’iinua onmHraH buruHum Xocwia Iy
HYKTAHHHT YIMHMa Te3naHumuHu beramu, mry cababmy ymby HYKTAHUHT yrMHMA TE3JIaHHII
VEKTOIn Xxam HoJra TeHr bo’naan.
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6.4 maxi.
Tyramrad HyKrajargard TE3MUKIAIHUHT MOIYJUIAIMHU — TEHIJMTUAAH, KyWHAaru
TEHIJIaMaHU E3aMu3,

V=Ir1-m1= -
bYH,Z[aH, HUKKVUHYY FUIOUIAKHUHT byr‘laKHI/I TC3JIUTUHHAU TOHaMI/IS,

0 =0 — (6.1)

JIEKUH WKKAHYMA FUWIAUIAKHUHT QIUIQHUIOM DUrMHYM FAJIOUIAKHUHT AWIAHWIIATA TECKaru
fo’nairad bo’nanu. Yruama tesnanunuiar sca bur romonra io’nanras bo’nanu,

a_=r-g,=1,-¢ = 6,=¢6, - (6.2)

Vkkana FUIAMIAKHAHT TYTAINaH HyKTaIardaard HOMMasl Te3JIaHUIUIarHu aHUuKIaiMu3,
yaar xar xua bo’nmamu va o Hanunuiari o’zaro karama karmm bo’mub, bur To’rru yusukma
éramuiar,

2
r
a, =1 0., a, =1, - w.="—-o. (6.3)
r
2

2

2
2 2 r-1

a, = o, a, =r -0, =— -0, .
I‘-2

7 - AMAJIMI MALIFYJIOT
Mav3y. KarTuk sKHCMHHMHI TeKHCJIMKKA Marasesa Xarakarura J0ulr Macaia e4uul.
7.1-macana. Kruvommnu OA=r, maryaun AV=L bo’iran kruvommn maTyHId MeXaHu3M

makaHd OA KIMVoIumu o’3rarMac @ | - byrd4axiy Te3nuk buian ainanma xarakar KMiIMoK/Ia.

Kruvormmaunr byrumumn byrgaru ¢ ra bornuk ravumiga Kyinaars Kaiimariar aHUKJIaHCHH.

1) V NO3yHHUHT YU3UKJIN TE3UTH

2) AV WATYHHUHT 3HT KWYKUHA Kuiimarra sra bo’nran M HyKTacu o’rau

3) AV maryHHuHr Dyrqaxiy te3nuru

4) Kruvoummuuar £ = 0Ba @ = 90 ° Xxonararaaara HYKTaJIarHUHT TE3JINK

HyHATMIIUIAIM QaHUKJIAHCHH.

Euum:

Macananunr marrura ko’ra (7.1-makua) A HyKTaHUHT TE3JIUTH VA=®oa-l, WO HAIMIIM 3ca
OA kruvomunra mermeHaAuKyasal ravumaa bo’naau, V HyKTaHUHT TE3JIUK VEKTOrd 3ca
roruzoHTan ravumaa bo’mamm.

Kartuk KUCMHUHT WXTHEIMI WKKA HYKTACHHUHT TE3JMHKJIAIMHUHT TIOSKIUsIIard
XaKuaary Tteoremara acocad, Va-Cosa=Vp-Sinf. Hlaxmnan mamymxku OAD Dbyrdarm OAV
yubyruakuunr tamku byraaru xucobnanub, (¢+B) ra renr bo’namu. Bynman o=90°-(p+p) va

sin( ¢ + f8) :
V. =0, r——=w_ -r(sin ¢ +cos ¢ -tgf).
cos [
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7.1- makJ.
Oxurru TeHrnamaaaH HoMabiayMm bo’nran B - Hu Ho’kotumn yuyH, OAV yubyruaknan
KyWHIard TeHrIIMKHY €3amm3, I Sing=1sinB  va

sin g

O wm s

Bynarau roxorunaru gormymnara Ko’ ncax,

r cos ¢

Jertsin tg

v =0 r(1+ )sin @

2) A va V HyKTaHUHT TE3JIMK VEKTOolarura mermeHIuKyisil du3ukiaar o’tkasub, AV
3VEHOHUHT OHMH Te3nuKiar Markasu bo’nran R Hykranu anukiaimms. AV MATyHHUHT TE3JIUTH
9HI KM4YMK DO’NraH HyKTacuHH aHukiaam ydyH, R Hykraman AV maryHra mefmeHIuKyIsr
o’Tkazamu3 vVa yau M HykTa aeb benrunaitmus, by HykraHuHT Te3nury,

vV, =V Cos a=ow_,r-sin( g+ )
3) AV maryununr byrgakmu tesnuru (7.2) dhormyna orkaim Kyiunarnia aHuKIaHam,

VA o VB
o, = ek o, = (7.2)
PA PB

RA va RV kecmanarHvHr y3yHJIUTHHU MIAKIIAH OJTUHATH.

4) B=0 bo’nran xonga AV maryHHUHT barda HyKTanardHUHT Te3MHK VekTornaru ury AV
YU3HUKKA MeIMeHIuKyIsil ravuimaa o’ nanaamiar va AV maryHHUHT OHUHM Te3nukiIar Markasu V
HyKTaaa €Taau.

OnauH OHMI TE3MUKIAl MArka3MHU AHUKJIAIIHK KO’rub o’TraHuMu3ma, KruVormum
MIATYHJIX MeXaHu3MHHUHT A, V va M HyKTaIaruHUHT TE3MUKIAIMHA OHUW TE3IHKIAl Markazu
OFKUIM AHUKJIAIIHA KO’ b 0’Trad sauk.

Iy mMexaHu3M y4yH TE3NMHKIAl TUIAHWHMA KAHJAH KYIMIIHK KO'rub o’rainmk. Avvaio
TE3NIUTH MabJIyM Do’NraH A HYKTAHUHT TE3JIHMK VEeKTorMHH 7.3 (ormysna orkaim aHukiaimms,
SBHU

V. = w_ -OA (7.3)

A OA
Ymby vekroram uxtuéruii O, nykrara burorra tammab onran macmrabummus bo’iinga
KO’ aAMu3, Va VA - VEKTOIMHUHT TE3JIMKIAl IAHUIATA OXUIMHY a - aeb benrmnaiimus. Co’nrra A
HyKTaHu nosoc aeb kabyn kunmub 7.4 vekror TeHriaMmanu €3aMus,

V., =V, +V_ (7.4)

V HyKTaHWHT Te3aurd (axar io’wamumm bo’iimua mawsiaym bo’mrammurn yuyd, O
HYKTAaH YHUHT Xarakar io’Haaummra narauiesl Yu3uK o TKasamu3, co Hrra a- Hykragan AV
MATyHra MeIMEeHAUKYIal 4YM3uK O’TKazamu3. OXHITH HMKKUTA O TKA3WITaH YHU3UKJIAIrHUHT

kecuiran HykracuHu b - neb benrunmaiimus, sHou tesnmukmar mmanumarn  O.b - kecma V

27



HYKTAHUHT Te3HMK VekTolrmuu benrunaiiau. Lynunr yayH ymby te3nukau V HyKTara Ko’ aurub
omub borub ko’ ssmus.
OHJU M HYKTaHUHT TE3JIUTMHU aHUKJIAII YY4yH, KyHUAaru nronoluyusHy Ty3aMus3,

ma MA MA
—_—= OyHIaH ma = -ab
ab AB AB
aHWKJIAHTaH Ma - KecMaHu a - Hykragan bomwrab benrwnaiimmsz, va yuu O, bunan
burnamrruramus, xocun bo’nran Oom - kecMa M HyKTaHUHT TE3JIMK VEKTOIMHY Desruaii iu.
v.-"'-"; R’ 02(: J_ 01 C
ab 1l AB
a
m
b 0,

7.1, a - maxiI.
C HyKTaHUHT TE3JIMTMHU aHUKJIAI y4yH, V HyKTaHu Kytb meb tamnab omub, Kyiinaaru
VEKTOl TeHITIAMAHHU Ty3aMH3,

V =V_+V
Cc B CB

mry Vekrol TeHriamara acocad, O; HykTanaH C HYKT@HUHI TE3JIMK VEKTOIM o Hanuiura

narauien ravumia yn3uk o’tkazamus. C Hykra O markas arroduia ailianMa xarakar KHiIMOK/a,

IIYHUHT Y9yH YHUHT Te3nuK Vektorn O1C 3VeHora nermeHaukyssr o’ vainran bo’namu. Jlekun

YHUHT COH Kuiimaru busra Homabiym, my cababmau b - nykranan VC 3venora mermeHaukysr

YU3UK 0’TKa3aMM3, OXUITH MKKATA YM3UKJIAIHUHT KECHINTAH HYKTACH C- HyKTaHW berrmmaiiam.

[y cababmnu Oyc - kecma Tannanrad Macmrabaa, C HyKTaHUHT TE3JTMK VEKTOMMHU Denrumaiam.
Ulynnaii kuamb, bermnran KruVommi MIATYHIM MEX@HM3MHHHT TE3HKIAl TUIAHWHH

Kyrub aukauk.

7.2-macana. To’rru 4m3ukiau renc ycruaa aymanab xarakarmanaérrad  ramuycu R=0,2wm.
bo’nran Funmurak markasu O HYKTACMHHUHT TE3JUTH Vo =1M/C. va Te3naHulm aOZZM/CZ. [y
Funmurakauar onuid Te3nmukimar Markasw R HyKTaHWHT Te3naHumwM, Va  FuiaaurakHuHT
rarquImuaa sKounamrad V HyKTaHUHT TE3TaHUIIN aHUKIAHCHH.

-l —
x _dso B 4a. ¥
=11
_t a
PO
dgg .
¥ - -
x o |P a.
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7.2 - maKmI.
O HYKTaHUHT TE3JIMK VEKTOIH Va Te3JaHHII VEKTOIM MAabiIyM Do’JraHiurua ydyH, my
HyKTaHu Kytb aeb tannab onamus.
1) FungurakHuHer Dyryaxnm Te3nuru o - HU AHHMKJIAWIMK. R Hykra OHuWil Te3nmukiar
markasu bo’nranm cababau, Funmurakauer bDyrdaknm teznmmrm Kyimparn Qormyna orkainu
AHUKJIAHA/IH,

PO R 0,2 C
2) Funnurakausar Dyrdakiy Te3aHUIIMHE aHUKIaiMu3. (a) TeHr1aMaaan VakT bo’inua
bur marra xocusia oaaMus,
do d (Vv 1dv, a 2 1
dt dd (R ) R dt R 0,2 c
3) V HyKTaHMHT HOIMa1 Va TaHreHmuana (yruHMma) Te3JIaHUIIMHU aHukiaaimus, (14.10)
dormynara acocas, Kyrb O nykra bo’nrannuruau stuborra onub, Kylinnaruau é3amus,
a =a_+a +a. ©
B o BO BO
(@) va (b) tenmrmamanarman ¢oipananub, V HykTaHMHr HOrMAal Va yruHMa
TE3NAHUILIAIMMHUHAT MOTYJUTArMHU aHUKIANMHU3,
v, )
— =5wm/c ~ (d)
R
4) V HyKTaHUHT TO WK Te3naHumuay Tonamus. [axmaa ko’rearmiranaek V HyKTana
Vx va Vy o’kiiaruau o’Tkazamus, (€) TEeHIVIAMAHU 11y 0’ KJIaITa NfoeKuusaIaimMus,

a, =a, —a_ =3wulc’, a_ =a._ =2ulc’ (e)

BO B

Bx = By
bynarnaun a, =.a. + a; = /13 ~ 3,6 m/c’ )]

5) R HyKTaHUHT TE3JIAHUIIMHU aHUKJIAN YIyH (C) TEHIJIaMara o’ Xmam VeKTol TeHriama
€3amu3, O Hykranu Kyth neb xucobnacak,

n 2

aTOIBO'é‘:aO:ZM/CZ, Ba a_ =BO o =

B BO

a,=a_+a_  +a, (9)

Maknaa xo’rcatunranaek R nykragan Rx va Ry o’knaruam o’tkazamus, () TeHrIaMaHu
11y 0’Kjarra nroeKusIanMus,

a, =a,_ —a_ =0, a, =a. =5mulc’ (i)

Px Py P

Bynarra acocan R HyKTaHUHT TO MK TE€3TaHUIIHN, KyHHarnya aHUKTaHaIH,

a,=.a, +a, =25 =5ulc’ (k)

Arar »pTbor berran bo’icanrus, R HyKTaHHHT 11y OHAArH TE3JMMIH VA YHHHT yIHHMA
TE3JIAHUIIK HOJITA TEHT, JICKHH YHUHT TO JINK Te3JMAHUIIA HOMMA Te3IaHUIIIAH uboraT skaH.

8 - AMAJIMH MALLIFYJIOT
Mav3y: Hykranunr myrakkab xarakarura jour Macajia eyui
8.1-macama. OA=r kruvommn ko’zranmac O Hykra arropuna ¢=kt KoHyHHAT bunas,
aitnanma xarakar kwiMokaa (8.1 - maki). A monsyn, Ox o’ku bo’#nab wirarunama xarakaraara
V Kus KyJHCAHUHT numaa xarakariaanmoraa. Kymuca buman Ox o’ku o byrdakuu Tamkun sTran
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8.1 - max.
bo’nca, A wykranunr abcomror va HUCDHII XArakaTHHUHT KOHYHHSTH E3WICHH, VA YHHHT
Hucbuii, Ko’ yurMa va abcomroT Te3nukiara aHMKJIaHCHH.

Euum. [axngan ko’ ruaub Tyrubauku A nonmsyHHUHT abcoimoT xarakaru, Ko’ 3raimac O
HyKTA arfopunary ainanMa xarakarunan uborar. Hucbuit xarakatu sca, KyJIMCAHHHT HYHMIATH
TO’FIM 4YM3WKNIM Xarakaraan uborar  bo’nub, O1A=n(t) xonyHusT bunan o’sraragu. A
HYKTAHHUHT KO 4HIMa Xarakaru Kynuca bunan burranukaars mirarunama xarakaraad uborar.

A HyKTaHUHT aDCONIOT XArakaTHHUHT TeHTIaMacH, Kyiunarnia bo’manm,

X=rcoskt, y=rsinkt, (@)

OHau A HYKTAHMHT XarakaTMHU UKKU KUCMra axraramms, yiaraad buru A non3yaHusr V
Kyauca wuuiard Hucbuit xarakaru, ukkuH4YucH KyaucaHuHr Ox o’ku bo’imab  kwuiradn
XarakaruaaH oJIaIMraH KO yurMa XarakaTu.

Ko’yurma xarakatau OO1=x. neb benrmmacak, A HyKTaHHHT XOJaTH KyHHmarnya
é3mnanu,

X=x.+ncosa, y=nsina (b)

(@) va (b) TenriamanarHuHr Yan TOMOHJIArH TEHIJIMTH Y4yH, YIArHUHT 0 HI TOMOHJIAIMHA

TeHraab, 1 Va X, JIArHA aHUKTaiMu3.

sin kt
n=r—, (©)
SIn o
X, =1rcos kt —rsin kt -ctg (d)
(¢) va (d) remrmamanar cucremacu A HyKTaHMHT Hucbuii va ko’umrma xarakar
TeHTJIaMaaru A1eUnuIaau.
OHau A HYKTAHUHT abCONIOT Te3MUTHHU aHUKTAMINK, DyHUHT yayH (@) TeHraamanariaH
vakr bo’#inua xocuna onamus,
Vy =-rksinkt, vy =-rkcoskt (e)
YHHUHT MOJTYJIH,
2 2

V=,V +v =rk Q)

y

A wuykrasuHr Hucbuii va ko’yurma Te3nuKIArMHU anukiaam yayH, (¢) va (d)
TeHIJIAMasaraan VakT bo’inya xocuaa oamMus,
_ cos kt
v, =1 =1k . —, (@)
SIn o
V. =X = —rksin kt —rk cos kt -ctg o = —rk (sin kt + cos kt -ctg « ) ()
Kynuca mirarunama xarakar KAITaHInrd ya9yH, YHAHT barda HyKTanardHUHT T€3IHKIIar
bur xun bo’nanu.
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8.2—macamna. T'oru3oHTaN TEKUCIUKIA 0’3rarMac Ve - TE3IUK DUaaH xarakar KwIaéTrad
NrU3MAHUHT ycTuaa M HyKra v = ./2gy ra TeHr bo’nran Hucbwuii Te3nuk bunan curmanub

xarakar KWIMOKAa. Xarakar bonutaHranna HyKTa MPU3MAHUHT 3HT FOKorucuaarn A Hykraaa
Koimamrad geb xucobmab. M HykraHumHr efra Tymrad madtugard abcoNoT  TE3NUTH
AHUKJIAHCHH.

8.2- maki.

Eunm:  8.2.a- maknaa ko’rcaruiranaek A Hykraaad bommianran Ko’3raiMac o’Kjiarau
tauaab onaimk. AVC nrusmManuHr xarakatd M HyKTa yayH Ko yrrma xarakar xucobmananu. M
HYKTAHUHT MfU3Ma yCTHUIArd Xxarakaru Hucbuii xarakar xucobmanamu. Abcomror Tesnuk 3ca
HIyHIAi Xarakariaraad OJMHTaH Te3JIMK VEKTONTarMHUHT VeKTol iinrunucuaad uborar bo’ nanu
(8.2.b mrakm). [aknman abcomoT TE3NMMKHUHT KOOrguHATA O KJIaruaard IFoeKIHsIaruHU
AHUKJIAMMU3,

Vy=Vet+V,CoS, Vy =V, CoSa, (a2)
EéKH
dx
— =V, +C0S a-+/2Q9y (b2)
dt
dy
— =8N a -4/2Q9y (c2)
dt

(b2) Tenrnamanu (c2) ra bo’mub roborak,

- v, .dy
B sin a\/g \/;

(d2) TeHrnamMaHWHT MKKAJIA TOMOHUHH UHTETTA/LIACAK,

ve-2\/;

dx + Cctg a - dy (d2)

X=———"=—+Y- -Clg «
sin a+/2(¢
€KH,
- 2 2V2
(xsin ¢ —ycos ) = ——y (e2)
g

Vuiby tenrnama M HykTtaHuHT aDCONIOT XarakaTHHUHT TFACKTOIMSACHHUHT TEHIIIAMACH
bo’nub, yauHT KO’ ruHuIm Do A HykTana skoinamran narabosanad nborar sxaH.

M HykraHuHT efra Tymran naitaard abcomor Tesnmurunwm, (a2) va (b2) tenriaamanar
OrKauTi Kyiuarnya aHuKIaHaIu,

vi=v +v =v +2gh+2v /2gh -cos a.
M HyKTaHI/IHr elra TyHlFaH HaﬁTHaFI/I TE€3JIUK VEKTOI'MHUHT I'OIM30HT bI/IHaH TAIIIKWJI 3TTaH
B byrdaruHuHT KMEMATH Kyiu1arnya aHuKIaHaIu,
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X e

ctg f = =ctg a + ,
, A/2gh -sin «

9 - AMAJIMH MAIIFYJOT

<

<

Mav3y: Bernaran xarakarra (ko’ra) KywiarHd aHuKJIa Joulr Macasia equin
9.1-macana. Cronaa Tyrrad 3 ke maccany xucmra un bornanub, MTHUHT UKKUHYK yau A

HyKTara burukrurunran. Ararga TOITHIMIN Kydd T = 42H Do’nrampa wm y3uiica, KUCMHH
verrukan bo’inab rokorura xo’rarraHna UIHUHT y3WIMIOH Y9yH A HyKTara KaHiad Te3JaHuIl

berum kerak?

IJ
1.1-macamnara

9.1-makJa
Berunzamnar: m =3x2, T =42H . W-?
Eunw: 7 =5+ 1, T =mg +mwW
T 42 )
W=—-9q=—-98=14-98=42ulc
m 3

9.2-macana. Maccacu 1000 xz bo’nran avromobmit 10’ Hr K0 OrMKaa v = 10 u / ¢ TE3JUK
bunan xarakar Kuiaad, KO'MrMK O’ FTACHHUHT STTHINK FAIUYCH p = 50 » . AVTOMODHI KO TIHK
o’rracuaad o0’ Trad MmaiTaad KO MIMKKA KaH4a DoCUM KO’ rCaTUIY aHUKIaHCUH?

9.2-maki
Berunzamnar: v=10nu/c, p=50m, m=1000 x2. P —?
Euuw: Tabuwmii koornuHaranar cucreMacuiad GpoiaaiaHamus.

2

mw =F €Ku m-—=F =¢-P
P

bynnan
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2 2 2
v ' 10
P=¢-m—=m|g-—|=1000 -|9,8-——|=1000 -7,80 = 7800 H
P P 50

9.3-macana. Ysywmuru 1 m bo’nran mnra ocwiran 0,3 xe Maccaaw TOII VerTHKa
TEKUCIIMKIA aiiaHa uu3aad. TOMHWHT WI Y3WIAOUraH SHr KHYMK Dyryak te3nuru o
AHUMKJIAHCUH, UITHUHT Y3WJIUIITa KO rcaraiurad Karmmwiurd 9 H ra TeHr.

Berunzanmnar: 1 =1n, m=03xe, T=9H. o, -2

mvn

Euuw: Tabunii koorquHaranar cucreMacuaan (oiigaianamms.

[ v? V=ow-I|
men:Fn m—:g_P
3 o =0
LmWT=Fr
[mgw:Fr F =0
mao’ - l=mg -T
9,8 9
a,_\/ 2. =, = \J20.2 = 4,494 pao Ic
| 1 0,3-1
w = 4,494 pao /c
meo’-1=T - pcos a cosa =112 KA cosa =0 A o bo’namu.

mvn

9.4-macana. Maccacu 280 ke bo’nran nmudrt maxrara TeKuc Te3inaHul DUIaH TymUIMiIanu, y
bururun 10 ¢ na 35 m 0’ o’raau. JIndt ocuiran arkOHHUHT TOITHITUII KYYH TOTTHJICHH.
Berunzamnar: m =280 xe, t=10c¢, S=35mu. T -2

Euuwu: IOKHI/IHI‘ MyV03aHaT TEHI'JIAMACHUHU Ty3aMI/13.
S x=¢-T-1,=0 bynnan T=¢-1,=mg —mw (9.4)
IOK IIaxTara TEKUC TE3JIaHUII bI/IJ'IaH TYH_Ia}IHTI/I, JTEMAK
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ku S = > W = — (9.5)
2 2 t

(5) u (4) ra Ko Hicak.

S =8, +v,t+

X
v

Q.4-1maKn

( ZSW ( 2.35W M
T=mlg-——|=280 /980 - ———|=280 (9,80 -0,70 )= 280 -9,10 = 2548 = 2548 H
{ \

10° ) c
10-AMAJIMA MALIFYJIOT
Mav3sy: Moaauii HyKTaHHMHI Xarakar augdereHuuas TeHriaamMmaaarura Jour macaia
eqnIIn

10.1-macana. Ko’mur bo’naru V tesnuk buman u > V'  rtesnmkna xarakariaHaérraH
KoHVeiierra keiub tymamu. Konveiier rorusontra Hucharan o byrdak octuna xarakariaHaérraun
va ko’Mul bo’naruau Konverer nenTacura umkananum koddduipentu f ra renr bo’sca, ko’ mur
bo’naruHu neHTaNa cCUIMAaHKUI HO’ i Va VAKTUHY aHUKJIAHT.
a 6

—
—

10.1-makmn

Euumu: Ko’mur bo’naru xonveiielra, YHUHT JeHTAaCHHHHT Te3nmurd U gaH kuuuk V
te3auk bunan kenub tymanu. Iy cababmu mabaym bur vakr (curmanumn vaktu t ¢) gavomuaa
JIEHTa KO’MUI bo’narumad te3 xarakarinaHub curmasuiHyd xocuia Kwiagu. Ko mur bo’narunu
nenrara Hucbaran Hucbuit Te3nmuru V, JIEHTAHWHT WIITYH KMUCMH WO HAIMIIUIa Karama-Karmmm
TOMOHra Wo’Hanrad bo’mamu. Hucbuii Te3nukHUHr DONUIAHFUY KUWMATH MMKIOI KUXATIAH
ko’ Mmur bo’naruum kenub Ty va nenra tesnukiara garkura redr bo’namm.

Ko’mur bo’naruuu nenrara keiaub Tymum Hyktack Mg ra koorauuaraiar bomrwau
xoimamTurub Mg x o’kHu senTa bo’iinab ko’mur bynaruausr nenrara mucbaran Tesmuru (V)
fio HaIraH ToMoHra yHanTuramus (b racm).

M wmarernan nykra neb kabyn kwiaueran ko’mur bo’narura, ynunr senta bo’inab
cUlmaHui navru MobaiiHuaa KyWugarn Kywial TabCul JTaau. ...OFHIIMK KydHd; JICHTA
TeKUCAUrura HormManm bo’#imua ...reakuus Kyuw; #Wo’Hanmmmm curnasum  Te3nurd (Vo)
Ho HaMIIMTra KaraMa-Karim s’bHH JICHTa Te3JUTu U Ho Hamumm buiaHn yetMa-ycT TyrryVau Fr—
WITKQTAHUTIT KY9H.

[y kyunar tabcuruaaru ko’ mur Do’nmaruHuHr senTara HucbaraH Xarakar TeHrjaamacu
Ky#naarnga bo’ nanm.
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ma =mg+F +F (10.7)

5, — by xarakaruuHr Te3nanum.
(1) Tenriaamanu KoorauHATA yKIArura mroekmusiab
mX=mg sin a - F,
(10.8)
my =mg -cos a — F
Ryna bo’nak4acu neHTana yHAaH &xraiMaclnaH curnanub xarakar kuiaranu cababmu y
0’k bo’iinya xarakar kunmMaiiau, seamn Y = 0.

Iy cababau (2) cucremanusr (2) renrnamacugan F = mg COS @ HHM XOCHJ KAJIAMHU3.
Nikananuin Kyuu

F =f-F =f.mg -cos a skanmirunu xucobra osncak va by mynocabarnarau

f

(2) cucremManuHr buruHun TeHrIamacura Ko’icak vVa KHuCcKarturcak
X=g9g-sin @« — fg -cos a = g(sin a — f -cos ) = const
Arar xonveiier ieatacu bo’inab ko’mur bo’nakuacu curmanub tyrran vakr oranuruaa

V_# 0 bo’namu va yuunr nuchuii xarakaru Te3aHumm

a =Xx=g(sin a— feconst ) = const (10.9)

bo’mamm.

lysn Tapkumiam Kerakk, KOHVeidelr Ttainab narakacuaa WIDIalM YY4yH WIIKATaHUII
KyYHHHHT MHKJIOMH KO MHT DO’J1ary OFUIMUK Ky9HHHHET MQ SiN @ TAIKKMI 3TyVYHCHAAH KATTa
bo’nmmm kerak, akc xosina ko’murl bo’narum nenranad curnanub tymmb keramu. By neranm
f cos a >sin o ,ékun a_ < 0bo’num kerakurunu buuramm.

Ko’mur bo’naruHuHr TE3JMK Va KO YMIIM KHHEMATUKANAH DH3ra MabiyM HYKTAHUHT
TEHT 0’3ralyVuy XarakaTMHUHT KO ICATKUWIAIMHY aHUKJIAI (porMyaiariy orkaIn aHuKIaimus.
M HyKT@HHHI TEKUC CCKMHJIAHYVYHU TO FIYM YU3UKIN HUCDUI xarakaTu Te3muru

V. =V ,+at =u-v+g(in a- fcos a)-t (10.10)

r

Ko’mur bo’narunu jgenrana curmanui VakTu tey vu (5) ndonanan Vr = 0 neb ronamms.

(u-v)

[g(f cos o —sin a)]
Ko’mur bo’naruHuHr curmanum o’ i, sbHU M HYKTaHUHT TEHT CeKHHJIAHYVIU
xarakarza jJeHTara Tymran Mo HyKTaiaH To Ko’ Mur bo’nakvacunu te3nuru bunas nexnta
TE3JIUTH TeHTIAMTyH4Ya (CHUIMIAHUII Te3JMIH HOJI DO’ IryHYa) o’ TraH o’ au

(u-v)(u-v)

ck

S=V -t +ar-tck/r=

r(0) ck

[g(fcos a —sin a)l]+g(sin « — fcos a)

u-v (u-v)’

[g(fcos a—sin a)] /2 :[29(f cos a —sin a)]

YKavob:
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. (u-v)

Ck_[g(fcosa—sin a)]

(u-v)

S =
[2g(f cos a —sin a)]

Evuw: Touray maxrta Tybura TyIIM TeHIIAMACHHH Ty3aMH3:

Bommanfruy marr:  t, =0 g4 x, =0, Xo=v, =0,

vo=9q-0+¢c, »>¢,=v;,=0,0=0+0+c,=>1¢,=0

: t
Hemak, x = qt,, x = T
2
3 at,
Yeraravuii mart: t=t na x=h, v=v,_, v, =qt,, h = ,
1 1 2
t h t t =h h t h h t t at; 3% 2t t?
v=aqt,, —=q,, = y V. =T, =T =V, - ) v, = ) = )
1 t 1 1 t 2 v 2 2 2 9,8 2 1

1 2 T

t’=67,3t,, t=t +t,, 65-t,=t, 65 =t°+2tt +t,, 42,25 —13t, +t’ = 67 ,3t,,

1

t; -80,3t, - 42,25 =0, t, =40 + /1600 — 42,25 = 40,1+ 395,

8.6,
176 m .
2
10.6-macana. Cuarsn to’n or3uman 570 m/c rorusoHTan Te3nuk bumad yuub unkanm,
CHArAIHUHT Maccacu 6 ke. Arar cuarsag to’nm wyunad 2 m #Wo’n o’tub umkkan bo’ica, morox
rasaardguer o’rraya bocumu P xanwa? Arar rasnar bocumu moummii neb xucobnanca, cuarsan
TO’II CTVOJIMIA KAHYa VAKT Xarakar Kuiamgun?

t,=06c, t -65-06=509c, h-=

Berunzannar: v=570 ulic, m=6xe;, |=2um. P-?2, t-2?
N
F v, x
r ] ——
S e
v
10.2-1mmakn

Eunw: Cuaran 1o Frii YM3UKIA XarakaT KUIaau.

mx=>F , mx=-P, mx=-Pt+c, mx =- +ct+c,

Bommmarr: t=0 g8 x=0 x=v,=0 byHman c¢, =0 ¢, =0
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m x = - Pt

| X = - —t
| m L
pp2 EKH
mx = - —| X = — — 2
2 ) 2m
Yeraravuii marr: t=z 18 x=1 x=v, =50 u/c
P ]
LTS 21 2.2
Vv
m L = —*¢ bynman =—=——=10,007 ¢
P, 2 v. 570
l= - —¢ J :
2m
v.-om v -m Vf m 570 °. , K& - M s K2 =M 5
P = = = = = 4874 -10 = 4,874 -10 = 4,874 10" H
T 21 21 22 c c

10.7-macana. Torusonran io’nma 10 m/c tesmuk bumam boryvam tramvaii varoHu
TOrMO3JIAHTAH/A Y KaH4Yad VaKTAa Va Kauaaii macodanu o’tub to’xraian? Tormosnam vakruaa
VaroH xarakarura Ko’rcaTuaagurad Karmivk VAaroH OfulmuruHuHr 0,3 KMUCMHUHU TaIIKWI
ATAAH.

Beruncannar: v, =10 m/c, R=03p, v, =0. t-?, S-2.

ILN
R‘ x
PP T T e
Y
Y7 >
10.3-mmakn

Euuwi: \VaroHHUHT TO ¥I'M YU3UKAA XarakaTt nuddereHnuan TeHrIaMacuHy Ty3aMu3:

mXx = F .
Z “ x =-0,3¢g
mx=-R :
x=-0,3g +¢c,
mx=-0,3p O,3g'[2
) X = - +C,X+C¢C,
m x = —0,3mg 2

Bomrmarr: t=0 ma x,=0 x,=0 x,=v, =10 m/c

Yeraravuii marr:

t=z Ad x=S X ., =0

I
<

Buruauu renrnamamad
v 10 10

0

T = = 3,4c

03q 03.98 2%

VO VO
WXKk¥HYM TeHTIaMa1aH S=-—7r+Vvir=—r=—:34=17Tun
2 2 2

11-AMAJIN MAILIFYJIOT
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Mav3y: Moaanii HyKTaHUHT XarakarT MUKIOMHUHT 0’3raruimm Xakuaara teorema

Macaaanar equmn
11.1-macana. Temur 0’1 moe3u WO IHUHT TOMM30HTAI VA TO FIM YU3HKJIHM y4acTKACHIa
xarakar Kwiaau. Tormosnaranna xocui bo’nanurad KarmwimK Kydd noesn ofufauruauHr 0,1
Kucmura TeHr bo’namu. Tormosnam bonuanranma noe3mHuHr tesnuru 20 ym/c ra tenr bo’mamm.
Tormosnar VakTa Va TorMo3 Mo’ JIM TOIHJICUH.
Beruncannar: R=01p, v,=20wm/lc. -2, S-2?

NT
ey W
- —

My S ﬁx”iﬂ{ LSS
F

11.1-mm1akn

Eyuw: Xarakar TO’FIM YM3UKIM, LIYHHHT y4yH y4dTa TeHruiamanaH ¢akar burracm
KOJIQIH.

mle_mVOX :zskx

0O-mv,=-R-t €kh -nmv , =-01p-t
mv , = 0,1mgt v, =0,1gt
v, 20 vo+v, 20+0
t = = = 20 ,4cex v, = = =10m/c
0l1g 01-9.81 2 2
S
vV =— S=v_-t=10-20,4 =204 m
cp t cp

11.2-macasia. Maccacu 4-10 *x bo’iran moesn KUSIMIU i=tge = 0,006 Do’ iaraH Kus

o’nra 15 wm/c rtesnuk buian xo’raruna bomwrakau. Iloe3n rorrad VAKTAATW MIIKATAHUIIL
ko dunuentu 0,005 ra tenr. [loe3n kus o’ nra ynka bounrmaranan 50 ¢ 0’Tray YHUHT TE3JIUTH
12,5 m/c raya kamasau. TenIoVO3HUHT TOITHII Ky4d TOTHUIICHH.

Berunzannar: m =4.10"°x- , i=tga =0,006 , v,=15m/c, f=0005, t=50c,

v, =12 5u/c, sina=0006, cosa=1T -7

11.2-pacm

Euuw: xarakar TO’FIM YW3WKIA DO’JraHu ydyH Xarakar MHUKIOIHHHUHT O’ 3raruiid
XaKuIary TeHriaaMaiaraan ¢pakar burracu Konaum.
-t—p-sin o -t

mv

UK

,—mv, =T t-F
bynnau
wwe = TN —f.p.cosa—- fmg cos a

mv,—mv, =T-t- fmg cos o -t—-mg sin a -t

bynnan
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vV, =V
T =mg(fcosa+sina)rm—=>"= 4-105[9,81(0,005 -1+ 0,006 )+
t

15 +12,5]
50 J
=4.10°(0,11 - 0,05 ) = 23200 &

11.3-macana. Cuaran bouuranrmu 0 xonarmad sHr bamang M xonarra o’tradra kamar
KEeTraH VAKT WYHaa CHAlSIAra TabCcul KWIAAWTAaH XaMMa Kydjial TeHT TabChl 3TYVUUCHUHUHT
UMITYJI CH TOIHJICHH?

Beruneannar: v, =50 u/c,

vV, =20 mlc, a,=60",

11.3-pacm

Euuw:
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mle_mVOX = Skx

my, —mv =S,
p 100( 1) 100
S =—(v,-v,c0s @ )= ——| 200 —500 - —| = -20 — = —510 xe - cex
g 9.8 ( 2) 9,8
p _ 0
S, = —(0—v,sin a,)= —(0—500 -0,866 ) = —4414 xz - cex
g 98

12-AMAJIUI MALIFYJOT
Mav3sy: M va Kyvvar.
12.1-macana. O’nmuamnarn makiga ko’rcarmwirad AVCD beron bnoxkaumHr maccacu

m=4000ke. Yau A xurracu arropuna HUKUTranaa cardaaHnaaurad il TOMUIICHH.
Berunzannar: m=4000xe.

Euuw: A = ph h=4-3=1u,

Ke - M

p=mg = 4000 -9,81 = 39240

c
2

Ke - M
A=39240 -1=
c

=39240 H .m =39240 oc = 39,24 xoc

B o
F
r r
|
. | | -+r l
11
| |
T
v | | il
VTP rrrrrryyd
12.1-maxn

12.2-macana. Toruzont bumanm 30° byrgak xocwn kumyvuam Kust Tekuciawk bo’imab

maccacu 2 m bo’nran rokHM 5 M KO’TArvm y4yH car¢uiaHaauradH MHHUMAJI WII TOIMWJICHH.
Nmkanannm kodddummentu f=0,5.

Beruazannar: m=2m, h=5m, a=3° f=05. A-2

Euuw: S=2h=10m
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A=F S+ p-sina-S Fue = TN = fpcos a
A, =mgS (fcos a+sina)=2-98-10(05-0,86 +0,5)=18 -10 'H .u = 183 wc
12.3-macana. 5000 »® cyvam 3m bamammmmkka ko’Taruur yayH KyVVartm 2 om Kyuura
TeHr bo’nran Hacoc o’ruarwirad. Araraa HacocHHHT ¢oiganmd um kodddumuentu 0,8 ra TeHr

bo’nca, by uiau bakaruimn yayn kanya VakT kerak bo’namm.

Berunzannar: V=5000 %, h=3um, N=2om Kyuu, ¢=08. t-?
Euuw: Cyvau xo’tarum yuyH carg bo’naauran uin
A, = ph = pVh =1000 -5000 -3 =15 -10 °xz - p = 1000
M
m
(p = —).(m =pV)
\ v )

JlvararenHuHr Goiaany Kyvvaru
1 om kyuu=175ke.m/c
Ng=2jn rexb=2-75=150 ke.m/c.

Ke M

N, =¢-N,=08-150 =150
C

Hacoc xar cexynna 120 xe.m wm baxarar sxas.

A, A, 15-10°

N, =—, t = = cek = 125000 cex = 2082 ,33 mun
t N ) 120

t = 35 coam 43 mun 20 cex .

13-AMAJIMA MALIFYJIOT
Mav3y: Marerunaj HyKTa KHHEeTHK JHEeITUSICHHUHT 0’3raruiM XaKuaard reorema.

13.1-macana. Forusont bunan 30° byrdak xocuin KWIraH Kdsl TEKHUCIMKIA OFUl KHCM
bouranruy Te3nMKCHU3 mMacTra TYIMIMOKIA, MINKATaHuin kodddumuentd 0,1 ra tedr. Xarakar
bornuianrannas KelnH )xucM 2 v 10’1 o’ trad, Kaiaai Te3nukka sra bo’magu?

Berunzannaru: o« =30°, v, =0, f=0,1, S=2m, v-?

N

13.1-magn

Euuwi: Xucmra YHUHT OFUITIUK Kydu p , TCKUCIIMKHHUHT HOI'MAJI reakiusa Ky4yd N va

F » HIIKAJIAHWUII Ky4YH TabCUI 3TAIH.

2 2

mv m
_ :zA
2 2

v, =0, A, =0, Ap:p~sina-S
Ap =F, - S= fpcos a - S

2
pv

= pS (sin @ — f cos a)
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bynnau
v=1/20g5(sin & — fcosa)=+/4-981(0,5-0,1-0,86) = /16,50 = 4,02 / cex .

13.2-macana. Maccacu 200 m bo’naran moe3n 1o’ JHUHT rofu3oHTan ydactkacuaad 0,2
/e’ Tesmanuiu buman xermoxna. O’Kiarnard MINKAUIAHUIN KAlIAIUTH [10€3] OFUMIIUTUHUHT
0,01 kucMuHM TAmKKAI KWIaaM Va Xxarakar te3mrura bormmk smac neb xucobmanamm.
Bounuranruu maitna moe3gHuHr te3nuru 18 mlc bo’ica, t=10c¢ bo’iraH maitoa TEmovos

3IMIIrad Kyvvar aHuKJIaHCHH.

Berunzannar: p=200 m,
W=0,2 u/c z , f:0,01,

10
=—p, t=10c,
1

Coop

€KH1
t=0, v, =18m/c. N-?

F v
—
/’;’;’XX,/XX/’x’ff{X//’fx’ff/X//’/
P

Jp—.
-

13.2-makn
Euuwu:
d_[mVZJ: mv -W =N
d 2
: 200000
2mv  dv = —.18 - 0,2 = 72000
> 10 ¢

Kunemaruk sHerrusHuHr o’3rarumu barga Ky4nar baxkarran wnuiarauHr WUFUHAUCUTA

teHr bo’magu:
2

2
mv mv
-—==34 (13.8)
2 2
v=v,+W =18 +0,2-10 =20 m/cex .

S>A=F-S-F, S=F-S—f.p-S=S(F-f.p)

K

bynarau (1) Tenriamara Ko’ icak:

vV, +V ‘ 18 + 20

p
—(V?-vi)=s(F-f-p) S=v,, t= 110 =190 m
29 2 2
bynnau
p(vi—v?) 200000 - (400 — 324 )
F=——"+1f-p= + 0,01 -200000 = 4100 + 2000 = 6100 xe
29S 2-9,8-190
F = 6100 xe - XalakaTJIaHTUIyV4IH KYy4,
Vuunr bakarran wuim: A=F .S =6100 -190 =1200000 ke -m
M 1
N = — = 1200000 =120000 — om kyuu=16000m xyuu.
t cek 75
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13.3-macana. Marernayiarau 3arba buman cunam ydyn wnuarunanuras acbobruar
acocHii KHCMH 110’ IaTaaH Kyiniaran orul M kyiimanad uborar bo’nub, y ko’sranmac roruzonrtat
O o’k arroduuma aesarnv HWIIKATAHMACAAH AMIAHAIWMIAH CTEHKEH  yuura DUIMKTHUIAITaH.
CrenKeHHHHT OFHITIMTHHYM Hazarra onMai, M Kyimanu Momauii Hykrta aeb xucobmaiimuz; OM
macoda 0,981 m ra teur. llly HykTa 3Hr POKOrMrH A XOJATIAH HUXOATAA KUYMK DOIUIAHFUY
Te3MK buman Tyma bomuiab, sHr mactku V xoarra KelraHuaa TE3UrM V HUHT Kanda Do’ auim

AHUKJIAHCHUH.
Berunzannar: OM=0,981u. v-?
mv’ v’
Euuwi: -—==> 4
2 2

CTerKEeHHHUHT IeaKIMsl Ky4yd YHUHT 3JIEeMEHTAl KO JYMIIHMIra TUK DO’JraHu yuyH cTerkeH
reakuysi Ky4MHUHT UIIKM HOJITA TeHTr. Macana martura ko’ra: v, =0

mv , 29
= p-AB Vi=—"p-20M
2 p

v=4g-OM =2./9,81.0,981 =2.0,981 -314 = 6,22 n / cex .
14-AMAJIMI MALIFYJIOT

Mav3y: HykTanuur 3rkuH Tebranma xarakaru.
Macaaanar ecui
14.1-macama. Maccacu m=2 T bo’naran rox v=5w/c o’zrarmac Te3nuk buman macrra
Tymmruaérrad Troc, biok oboiimMocura kucumub komub, rok TymuruaaéTran TTOCHUHT FOKOMUTH
yau To’carman To’xtab komamu. TrocHuHr Mmaccacuuu xucobra onmai, FOKHHHT KEHMHTH
TebraHuImuaa TrOCHUHT SHT KATTA TOITHJIMIN Ky4d KAaHYara €THINH AHWUKJIAHCHH, TFOCHUHT

bukurink koahdurent 4 -10 * 1/ u .
Beruncannar: m=2, v=5m/c, C=4-10"u/m. T -2

max
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L

]

14.1-magma

Euuw: YOxaunr xarakar nuddereHnnan TeHrIaMaciHe Ty3aMu3:

mx=> F, - IMHAMHKAHUHI ACOCHI TEHIJIAMACH

m%:Q—p bynna p=C(x+ f,)
P — 37AaCTUKIIMK Ky4Hd p, = Cf
FOKHUHI MyVO3aHaT IIarTu:

ZX=Q—pO:O mg — Cf

Il
o

mx = mg -C(x+ f)
FOKHUHT cTaTUK MyVO3aHAT WAITUIAH (oiIaIaHCcaK:

- . - C 5
mx+Cx =0 EKH x+—x=0 bo’namu.
m

CITUJIdIIddH OfII[ HCdK, X+ X = TCHIJIdM KCI1dMMU3.
b amna anmanca k’x =0 amara a By

=~
Il
3|o

TEHIJIAMAHUHT yMyMI/Iﬁ €YMMH X = Asin kt KO I'MHHUIIAA U3JTAHAIN.
X = Ak cos kt

Xo = v =v, IaH ¢oinananub yacrora va amminTyaaHu

X

Bom marrnar t = 0 ga x,

ct !

/C
— = /2000 = 44,7 pao /¢
m 2000

V
A:—:—:0112 M
k 7

AHUKJIIANMU3:

V X018 FOKHMHT Xalakar KOHYHU

x = 0,112 sin 44,7t m bo’mca,
sin 44,7t =1 ga x,, = 0112 mraTeHr bo namu.
WurHuHT TaraHriivK Kydu 3ca KyWuaarnia aHuKJIaHAIU:

T =Cx_ +Q=4-10°.0112 +2-9,81-10 ° =10 > (448 +19 ,62 ) = 467 ,6

max max
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14.2-macana. Q rwk h=1 m bananmnuknan bomuranruu Te3nmukcens Tyma bouuiaiam.
Dnactuk roru3oHTan bamkanuHr o’rracura yruiaand; DarkaHuHr ydaiary MaxKaMIaHTraH IOKHUHT
banka ycruna kuiaauraH KeWuHrd xarakartu TeHrinaMacu €3wicuH. Ok xarakaru TeHriamacH,
10K banmka ycrtuaa craruk MyvVosanaraa bo’nran xomargan borwiab macrra verrukan 1o’ Haira
0’kka Hucbaran tyswicun. O’ma K Tabcuruaad DanKkaHWHT CTATHK STWIIMINKM YHUHT O’ITacuaa
0,5 cm ra tenr, bankanuur maccacu xucobra oIMHMACHH.

Beruncannar: h=1m, f, =05cu .

4

IOxuuHr banka bunan burra kunaguran xarakar TeHrjIaMacu TY3UJICHH.
; *

i To

2 ,,
N Pl Ja -7

o,
-
e
Rt

F
vz T
v

14.2-m1akn

-

Euuw: JlvHaMUKaHUHT aCOCHI TEHTJIAMACWTA ACOCAH IOKHUHT Xarakar muddereHmuan
TEHTJIAMACHHH TY3aMU3:

mx=> F, m>"<:Q—p, p=c(x+ f )
FOxHuHT cTaTuk MyVo3aHat martu > x=Q-p,=0 bynnau p, = cf E€KHn

mg —cf, =0 byHmam c = Q bo’namu.
f

ct

mx = mg —c(x+ f,)

MyVvo3aHat marruaas ¢oiaiancak,

mx=mg —cx —cf,

MmX=-cx => mMX+cx =0

y c P y 2 9

X+ —x=0 KU x+ k’x =0 bo’namu.
m

By mudderenunan teHrnamMaHuHr yMyMHUH €UUMH X = c, sin kt + ¢, cos kt KO MHHUIIIA
U3JIAHAIH.

x = kc, cos kt — kc, cos kt

Bouutanfuu marrnarnan t=o0nxa x, = f, x =v, (oitnananub c¢; va c¢; narau

Vo

?’ czzfct

AHUKIAUMU3: ¢, =

v
VY xomma x = —=sin kt — f_ cos kt bo’mamm.
k
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C
Yacrora: k = 1/— =
m

FOkHu bankara yryHranaara Te3/Iuru:
v=+l2gh =+/2.981-1 =443 /c

44 3

X =

sin 44,3t — 0,5cos 44 ,3t = 10 sin 44 ,3t — 0,5cos 44,3t (cm)

14.3-macana. Bukurmuru ¢ =19,6x/x bo’nranm mryxunara maccanaru m, = 0,5x2 Va

m, = 0,8xe bo’nran roknar wimaau. CUcTeMagaH m, IOK OJMHTAHMIA, Yy CTATHK MYVO3aHAT

XO0JATUAa THHY Xojaruaa 3a4. Kosiran OKHUHT Xarakar TeHrJIaMacu, 4acToracd Va tebramuim
JaVvVIi aHUKJIaHCHH.

Beruncannar: ¢ =19,6u/m, m, =05« , m, =0,8xe . x-7, K-?

{r

|
(z

e
14.3-1maxn

Euuw: XO0JIAT — CUCTEMAHUHT CTATUK MYVO?,aHaT XO0JIaTu:
ZX:Q1+Q2—pO:O bynna p, =cf,
m,g+m,g =cf

(m,+m,)g (0,5+0,8)9,81

f. = =0,65m
19 ,6

c
c 19,6 1 T
K= |—= [——=626==2—
m 0,5 c c
VZ
AMIATYIR: A = 4[x2 +
K

Bommarr t =0 ga x, = f

m, MACCaIU IOKHHUHT MYVO3dHaT XO0JIdTH:

D X=¢, - p,=0 m,g—-cf =0
m 0,8-9,8
W= 29 _ =0,4n
c 19 ,6
Amraryga; A = 0,47 + ~=0,4n
6,26
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Xarakar TeHriamacu:  x = 0,4cos 6,26 (m)

1
YukiIuk yacToTa v = — =11y
T

14.4-macana. Bur-burura narayuien Ko’ MIMIraH UKKUATA MIY)KWHArA OCHITaH M Maccau
IOKHUHT OfkuH Tebranmnmary pavru va by wukkana nryxunara skvmvaiteHt bo’nran
nry>)KUHaHUHT bukurmk koddduimentn tonmwicuH. POk mryHnai skoinmamranky, bukurmmk

ko3 dunmenTaara ¢; va c; bo’aran ukkana nry:kuHa xam Dur Xui1 y3yHIUKKa 90’ 3UITaIH.
Berunzannar: m, c1, co, T-?

14.4-1mmaxn
Eyuwi: maxi yayH MyVO3aHar WAITUHA €3aMU3:
2x=g1—p0=0; mg —cf =0

byHna c = c, + ¢, - marayUICIUIMK WAITH

m mg C Cl-‘rC2
f,o=—-= k= |— =
C Cl+C2 m m

2 27 m
= — = —=27r
K (;1+(;2 Cl-f—C2
m
ZMo:p2 a,+p,-a =0 P, =C, X, p, =C,X
b al Cl b 9
c,a,Xx =c,ax YHIaH — = — O JIaau.
a c
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15-AMAJIN MAIIFYJIOT

Mav3y: CucreManum XarakaT MHUKIOIMHU y3raruimm Xakuaa TeoreManm KyJsuiab
AUHAMUKAHUHT MKKMHYM MACAJIACHHU eYHIIra J0ul Macayiajiar equ

15.1 - macaaa.

Tor >KuHCHArMHM WUFUD fOKIOVYM MaIMHA W JKAraGHUHHHT SKYHUH Dockuumma
40’MHUYM Tyd TOF XHHCjIarura turanum Harmxacuaa R=f mg+Ks karmmivk kydura ydraiam va
YHUHT FUILAMIAKIAIG ren cinaraa (30’rukub) marakcurab konanu. By erna f-runaurakausr rem ¢
bo’iinab uimkananuin Koo3pGUIMEHTH (XxaMMa FIIIIUIAKIAl eTaKkyK); M-MAIIMHAHUHT MACCACH;
Q-OFMIIMK KYYHHHHT TE3JAHUIIN; K-TIFOMOrUOHALUIMK KOA(QQHUIMEHTH; S- FUIAMIAKIAraa
miarakcuram  borwiaHran madTumarn  XoJatuadH bomnwiab  MammHAHMHT  KO'YMIN O JIH.

MainuHaHuHT DONUIAHFUY TE3JTUTH VvV, Ta TeHr bo’nca, yuu marakcuram boruiaran naiTaaH To
TO’XTaryHuda o’TraH VakrT t; va o’ S; TonmuscuH.

Eunm. IOxnovuy MamMHAHU 40’MMYM IIyd TOF XKUHCJIAIMHU HUFUIN >KaraéHuaa yHra
Kyhuaaru kywial tabcul stanu. Mammuanu C maccanialr Markasura Ko’ WuWiIrad m§ OT'UIIUK

Kydr; R MamuHanu wymuunard cuHaérran xarmmumk kKyuw; F " va F ' Hormam reaxims

Kywiarn, xampa F' F" ommumErm va orka xydT FUIIMIAKIArHM MIIKATAHWII KyYd.

MarmuHanu 90’ MUWIard Myd TOF JKHHCIArd DuimaH TO UM xaraéHuaa cHUCTeMaHu Maccaiar
Markasu XOoJaTHHU MaIIMHA Kormycura Hucharan o’3rardiidHy Xucobra onMacian yHH KOrmyc
bunau burranukna rorusontan kyyanu neb xucobmaiimus.

Macaymanm eunmjga cucreMa Maccamanal MarkaswHUHT Xarakaru XaKuJaard TeoleMaHu
KO’ Ju1aiMus.

Xarakar auddereHnuan TeHrIaMaHuHT KOOl IuHATAIAl 0’ KUIATH I OCKIHSICH

mx=-R+F'+F/

my=mg _FnI_FH

n

[IIarrumusra ko’ra Maccayiaialr MarkazuHu Verrukan bo’iinua ko ’uumum bo’nmarannuru

cababmu ¥ =0, yuman F ' + F kenub ynkanu. Bynnan tamkara Kymon KoHyHHTa acocaH.
F'=fF 'sa F" ,aonu F'+F" ,semn F'+ F" = f(F' +F" = fmg ),

f
bo’namu.
MarrHa XarakaTHHUHT SKYHUH DocKuanHuHT DonianFuy VakTuaa Koorapaaraiar borm
Maccaayial Markasura >koiutamramiurugad X=S o’rumnm bo’nagm va burunum tenriama

Ky#uaara kKo’ raumra sra bo’ namu.

m§ =-mgf — ks + fmg ,éxu
S+(k/m)S=0 u'+k/m=0

XarakTerucTuk TeHramMa U = i~ K / m mavxym wigusra sra bo’nrammuru cababmu (1)
TCHITIAMAHUHT YMYMUH CUUMU

S=C_ -cos( tvk/m)+ C_sin( t~k/m)
S'=-C ~Nk/m-sin( t~k/m)+ C_~k/m -cos( tvk/m)

bo’nanu va bynnan

kenub yukanm.

t=t =0na bouuranruy marrtiaray KeHuHrY TeHraaMara Ko’ uub

0=C,V, =C ~k/m, aeau C, =V _~m /K Ttomamus.
VY xonaa
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S=V m/k-sin(t-~k/m)
V=S=V -cos(t-vk/m)

bo’nanu.
Mamunanu To’nuK To’xtaryHua kerraH t; vVaktHu V=V1=Vy. cos (tl“/k /Im)=0

martnan anuknaimms. By erma V= 0 bo’arammuru cababmu cos( t k/m) bo’namu va

Vs
byapau t -~k /m = —éku t = 0,57 vVm /K skanmuruau Tonamus.
2

MaruHa xarakatiHUHT IKyHU# Dockuuua o trad o’ mu
S=S =V uym/k-sin(t~k/m)=V ~vm/k-sin( = /2)

TeHr bo’manm.

Kavob: t = 0,57~m/k;S =V ~vm/Kk

15.2-macana. Ky3ovaaru 1okHu 0’34 aFaaryVyu MauimHaH| FUIAUIAKIArd TOIMO3IaHTaH
bo’nranmaa IOKHH TO'KHIIIA KY30VAArd 10K S=at’/2 KoHyH bunan curmanmmb xarakarmamca va
10KHH Macacu Mi=10 T, mammHaunu oku bo’nmaranma maccacu My=21 T, Ky30V TOMM30HTTA

uucbaran o = 50 ° va naramerr a=3,7 m/C2 bo’aran xonaruaa MaMHa FUIAKMIAKIAIA VA TTYHT
oracumaru Feumkamanumn Kydd vVa avromobwnnu rrynrra beraguran bocumiar durunmucu
AHUKJIAHCHH.

Eunm. MamuHa va okaaH uborar MexaHuK cucTemara: FOKHU m1§ OFUITIMK KY4H,
! ”

OJIIVHTM Va Oolka fruiagdrakialra MocC ravumaa TabCcul 3TyVdn Fn Ba Fn reakgusa va

! ”

FUIMraKaar bunas rryur oracuaaru F. Ba F uiamma Ky4iara Tabcur STau.

IOk mammnHanan argarwiaérrasaa oK Ky3oV bo’inab xarakarmmanuimmu va marimHa
UIIKATAHUII Ky9d TAbCUIMAA KO 3raimac Kosrammuru cababmu cucreManuHr xarakar MHUKIONM

IOKHHMHT Xarakar Mukaorura tenr bo’mub konamm, seam Q = Q  =mv

IOk xo’zrasimMac xoisarmad bomab wararmnmama xarakarra xenanu, FOKHM Deruirad
Ko unil KoHyHHU 3ca Sp=0 va V=0 kuiiMariarna TeHr Te3laHyVyaH KOHYHTa, a maramertl 3ca oK
TE3JIAHUIIINATA MOC KEJTaIH.

By xonm yuyH cuctemMaHu Xxarakar MHUKIOIMHU O’3rarumu Xakuaarua teorema (15.2) Hu
Ko’ Jyutab

dQ X d _>V iy n
=—(myv)=F +F/
dt dt
dQ y d _.' iy "
=—(myv )=-mg-mg+F'+F/
dt dt 1Y 1 2 1 2
éxu
ma =F ,ma =-(m +m,)g+F,
TeHIITaMaHu onamu3. By erma ac va ay, - Te3maHumm  nroekmmscu  bo’ymb
a =a-Ccos o Baa =-a-sin @ dormyna buman xucobmamams; F =F '+ F/-
MINKATAHHUII Kydnaruauer imFuamucy; F = F '+ F " -avromobuman orka va onauary sxydr
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FUIIAMIAKIArMHUHT TTyHTra Deramuran bocumuaru iuruuaucura teHr Do’JiraH TIyHT reakius

KyWIArMHUHT WHFHHIACH.
Ouau buruaum mavbarna F.vaF_narau anukiab onamus.

F =ma-cos a =10 -3,7 -cos 50 ° = 23,783 kH ,

F =R =(m +m,)g-ma-sin « = (10 +21)-9,81 —10 -3,7sin 50° =

275 ,766 kH

Bynnan, xy3ov bo’inab rox xarakarnanaérran naitiaa avromobuianu rryHTra beraguran
TO’JIUK DocMMH MamMHA VA IOKHH YMYMHHA OFUIMHK KydugaHn 9,32 % kam SKaHIUTHHU
TABKU 1AM Kerak bo’namu.

Kavob: F=23,783 kH: F,=275, 766 kH
16-AMAJIN MAILIFYJIOT

MaV3y: CucreMa KMHETHK MOMEHTHHH 0’3raruim XaKuJaaru TeoreMaHu KO’J’IJIab
JUHAMHUKAHUHI HKKUHYY MAaCAJIACUHH €YHIIl.

16.1-macana.
Arar barabanuu maccacu m=0,7 T, yuu auamerru D=0,5 M, aiianuim o’kura Hucbaraun

uHerus raauycu i1=0,23 m; ainaaturyvaun Mmomentda M=0,75 kH M; JIeHTAHUHT TAraHTJIUK Ky4H
S = 5kH va S;=2,7 kH bo’nca barabau aitnana bouutanrannas keiinH 3 ¢ o’TranaaH KenH
JeHTAIH KOHVeiernu rorutuin barabanu kanaka byrqak tesnuk bunan ainanamm. (16.1-makn)

[ o
M\%’ }M
452

16.1- makJ.
Eyuw. IOrutum barabanu OY ko’sraimac o’k arroduaa aitnmanaérran
bo’nrannuru cababiu ynuar xarakar mudderenuman tenrnamacu (20.12) dormymna bunan

AQHUKJIAHAIM VA 11y XOJ1aru anjaaHMa Xarakar yuyH
=2 M (F))

KO’ IMHUIIHA OJIAIH.
Barabanra xyiimnarun tamku kywiar va momeHTinar tawcul staam (20.1, b racm): mg

OFUITIUK Ky‘—II/I M aI/IJ'IaHTI/IryV'—II/I MOMCHT, MC KalrummJiInkK KYYHMHUHI' MOMCHTHU JICHTAHUHT

KHUCM

(16.20)

KUlMuiaaru S Va YuKuIlngaru S TAalaHTJIMK Ky4iaald Va racmaa X va y TAIIKMJI 3TyVUuiialria

OrKaUTH KO’ rCaTUIIrad HOAIINITHUKHA R , FeaKIus Ky4u.
Oy aitnanum o’kura vucharan barabanuu nneruus MoMeHTH
I, =mi’ (16.21)

dormyna bunan aHuKIaHATH.
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Tamku kywiarau 1y o’kKka Hucharan MoMeHTIari sca

- D D
>M y(er) =M -M -S§.-—+S —=M-M_-05(S,-5,)D (16.22)
2 2
(2) va (3) udponanarau xucobra onub (1) renrnamanan barabanuu byraak TesmanummHun
TOIAMH3:

= const (16.23)

>M (F) M -M_-05(S,-5,)D
E = =

mi mi
By sca barabaumnm byrgak tesnmaHuimmu o’3rarMac SKAHIMTMHUA Va TEHI Te3JaHyVUaH
KOHYHUSAT DUian aitnanummam Ko’ rearanu. Bynnan ynunr byrdak tesmuru

0 =0 + ¢t
WNdona bunan xarakarnmanumm kenub uwmkamu. Ammo barabannu xarakaru Hommax

borunanranuru cababnu bouwanruy byruak resmnk @, = 0 bo’namm va

M - M, -05(S,-8,)D  075-0,05 -05:(5-2,7):05

w =&t = - -
mi mi
.3=12 15 -¢c .
M - M —0,5(Sl—SZ)D o
Xasob 1w = : t=12,15 .-c .

. 2
mi

17-AMAJIN MAIIFYJIOT

MaV3y: CucremMa KMHETHK SHEITHACMHUHT 0’°3raruim XAKMAAru reorema.

17.1-macana.

Vura AV, VC va CD crerkennar A va D munuearuk wmwargurinar buman mmnra
burukturmiras bo’nub, o’zaro V va C maraurnar vocuracuaa DormaHrad; XoCHi KAIMHTAH
TEKUC MEXaHW3MHUHT KUHETUK dHelrusacu xucobmancun. L y3yrmukaaru AV va CD crerkennar
xar buruaunar maccacu M1, VC crerken Mmaccacu Mo bo’nub, VC=AD; AV va CD crerxkennar o

byruak te3nuk bunax aitnananm.

A L

E C

17.1-maki.

1
Euuw: T =Tge =—1,-0°
2

= - - CTENKEHHUHT UHEIMIUSI MOMEHTU;
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1 M.l M 1 1 1
TAB:—- 1 a)zz l|2a)2, TBc:_M2V|2+_Izw2:_M2| []
2 3 6 2 2 2
v=Il-w, l,=1,=1,-14 =0
Mllza)2 1 2 2 Mllza)2 1 2
T=T, +T, +T, = +—M,I"e" + =—M "o +
6 2 6 3
1 2M . + 3M
+_M2|20)2: 1 2 2602
2 6

17.2-macana. v, Te3MWK buiaH xarakar KWIyVdd TrakTol T'YCEHHIACHHHHI KHHETHK

sHerrusicu Xxucobmancun. Funaurak o’kinaru oracuaaru macoda | ra Tenr, Fuaurak raguyciuara r
ra TeHT, TYCEHHMIIA 3aHXUIM Xal METIMHUHT MaccacH y Ta TCHT.

Beruneannar: v, I, r, 5.

&
Y

17.2-1maKn

Euuwu:
I'ycunuua orurnuru Q = yL
L=21+2zr=2(l + zr)
L — rycuHHIA y3YHIIUTH;
Q 2y (I + zr ) yL
g g g
I'ycunumanuer erra rerub tyrran kuemuarn abCoioT TE3TUTH HOJITa TEHT.

v, = v, - TYCHHUI[AHUHT HUCDHII Xarakar Te3Jmru.

)
2
mv yLv

2 29

17.3-macana.

Kynuca mexanmsmuga OC rayar racM TeKHCaurura THK bo’nran O o’k arroduaa
tebranranuaa, A nomyn OC ruyar bo’inab cumkub, AV crerkennn xarakarra kenruraam. AV
cTerkeH Verrtukan K o HarTHlyvVuawnarga xarakar Kwiaad. Ys3yawauru R bo’naran OC ruuar

maccacu m, bo’nran bur xumHcnm crerkeH aeb xucobnancuH; moi3yH maccacu m,ra, AV
crerkeH maccacu m, ra TeHr, OK=l. Mexanu3muauHr kuHetuk sHerrusicn OC rmdarHusr byrqak
TE3NMUrH Va ainanum byrdarn ¢yukuuscu cuparuaa nponanancu. [lon3yH HykTavuii macca
neb xucobnancus.

Beruncannar: OC=R, m OK=l. T-?

11 m27 m3’
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1 low
Euyuw: 7, = =M v’ Vv, =O0A - =
2 2 " AjHuc Aykyu
2 ' cos ¢
OK |
OK = OA -cos ¢ OA = =
Cos @  COS @
2 2 2 2
1 | " w mzl w R2wm?
T,=—m, = T:il ot o T
2 cos "¢ 2cos @ gt 6
| mle
! 3
1 , 1 o’ Vi lo
Ty=—m,v,, =—m, 4 ’ Viu = Vag COS @ Vi = = 2
2 2 cos ¢ Cos ¢ COS @
mR’w’ m 1w’ 1 1w’ '
T=T,+T,+T,=— + —2 +—m, = [mlecos4(p+3I2(m2+m3)]
4 4 4
6 2cos @ 2 cos ¢ 6¢c0s @
a)Z
2 4 2
T=-——— [mlR cos ¢ + 3l (m2+m3)]
6cos ¢
17.4-macana.

Torus3oHT bunan « byrgak xocun Kuimrad Kust TeKueiuk bo’inab curranmail romanovau
I raauyciy FUIIMIAK [y Kusl TeKuciuk bo’inab h bamananukka ko’ Tardaumm yuyH FUIIAraK
O’KMra Kusl TEKHCIMKKA marauienl o HaiMiiga KaHaad bouutanrust Tesnuk berumm kerax?
IOmanab wmkananum kosdpounmenta  f, ra Tenr. Fuamurak bur sxuacnm  guck  aeb
XucobnancuH.

Beruncaunar: « , r, h, f, v-?

c

17.4- mraxo.
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2
1 2 v,
I, =—mr ", @, =—,
2 r
1, 1w’ v 3
To=—mv _ +— ;=
2 2 2 r 4
. S h
¢, =¢cCos a, ¢, =¢sin a; p=—, S=¢-r, S-=
r sin o
. . -1 -1
A_=-¢-hy A =M_ -0, M, =N =¢.r =f .c.cosa-r
-1 -1 h -1
AFszf-g-COSa-r S=1f.g cosa-r -— =f.¢-r "-h.ctg o
sin «
—Z:A(,z—T0
3 ) h 2 ( f, W
—mv _ = mgh + mghf  -—ctg « v, =—,/3mgh |1+ —ctg a
4 r 3 L r )

18-AMAJINM MAIIFYJIOT

Mav3y: Hykra va cucrema yuyH Jlanamber nrunuunm

18.1-macaua.

Vayumuru | va maccacu M bo’nran MHrHYKa Dur SKUHCIHM TO’FIM YM3MKIU CTElKEH
@ = at® KOHyHra MyVO(HK CTePKeHra THK VA YHMHI YYHJAH O’TradH o’K arropuua aiiaHaim.
CrerkeH 3arrayaylarMHUHT MarkasuIaH KouyVud | Va yruHMa | HMHeruus Kydjaard TeHI Tabcur
ATYVUUIAIMHUHT MUKIOIM, 10 HAIUIIY VA KO’ MUITaH HyKTaIard TOMUJICHH.

Berunzannar: I, M(p), ¢ = at?,

h-?, 1 -?

Eyuw: CrerkeHHUHT aidnanui Dyrdak Te3muru:

\%B ’ W, W

0= 2 2at
dt

= " jx
2f31
& A
7777
18.1-mmraxn
Byruak Te3nanumm:
NI
dt dt

Yruama Te3naHuII;
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|
W =¢-0C =2a-—=al
2

YrynMa uHerus Ky4uu:
l.=-M W_=-M -al

T

Horman re3nanun:

|

W =0’-0C =(2at)" -—=2alt’
2

Horman nneruus kyuu:

I, =-MW  =-M -2alt’ = —2Malt

n

2

18.2-macana.

[Tnanerar mMexaHu3MHUHT xarakarianyvau |l rFungurard wHermust Ky4iardHuer boir
vektorn va yHuHr C maccanar MarkasuaaH Xarakar TEeKHCIUTUTa MelTeHIUKY/sl ravumaa
o’Tyvun 0’kKa Hucbaran bomr momentn amumknancua. OC KIMMVOIIMH o oO’3rarMac byrgak
te3auk bunan ananamu. | runaurak maccacu M ra tedr. Funguraknar ragayciaara r ra TeHr.

Beruncannar: @ =const , p,=p, op=0C =r. R-?, M-?

Evuw: || rungurak oFurimuK Marka3uHUHT TE3JIUIH.

v. =0C o =2ro

o = const bo’nranu yuyH ¢ = 0 bo’namm.

Il Fungurak OFMIIMK MArKasMHUHI YIYHMA TE3JIAHMIIM HOJAra TEeHr bDo’namu, sSbHU

W =¢£-0C =0-2r=0

Ounn || Fungurak oFuriavk MarkasvHUHT HOIMAUI TE3JIAHUIIUHYU Xucobmanmus:
W =w0’-0C =2ro’

n

Jemak, |l rungurak oFuriMK MarkasMHUHT TO’Ja TE3JaHWIIM KyHuJarkda KO MMHHIIra
ara bo’namu:
W, =W =2ro’

18.2-m1akn

WHeruusi KydMHUHT DO VEKTOIMHY aHUKIANMHE3:

R=MW  =2rM o’

R-OC o’xura narayuien iio’Hanaau.

& =0 bo’nranu yuyH uHeruus KyduHUHT Do MOMEHTH HoJIra TeHT Do’ namy.
M,=1 %0 I, = MW _

u [

18.3-macaua.

1 N .
Maccacu 3 T bo’nran E 0k —g Te3inaHum brian ko’rarunaérraduaa aiyiaama krag A
3

MOAMATHUTH VA V TOAIMMUITHUTHAATY TASHY reakuusnar anukiancud. Kran maccacu 2 T va yHUHT
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Mmaccanar markasu C nykrana. D aravaua maccacu 0,5 1. Kran va aravaua ko’3ranmac. O’ myovinar
racMaa Ko’ rcaThiarad.

1
Beruncannar: m_ =31, m, =21, W =—g, m,=05T. Xa-?, Ya-?, Xg-?.
3

Y Jar .
D
Ak ]
SIS -
(i
Jag )
]
Ad
E|
X
18.3-1makn

Eunw: 'oKkHUHT MHEINA Ky4H:
1 1
lc=mW =m_—-g=3-—g=9gT.
3 3
Reaxus KyWwldlrMHM aHMKJIAIl Y4YYH CTATHKAaHAHI MYVO3dHAT TCHIJIaMailarnaaH
doitnaianamMms:

Sx=x,+x,=0 (18.7)

>y=y,-p,-p,-p.-1;=0 (18.8)

ZmA(Ek)z P F+X,-5+p,-5+p.-5+1.-5=0 (18.9)
(18.8) Tenrnamanax:

Yo =Pe+P,+ P+l =29+05g+3g+g=65g

€K1

y, =659 =6,5-9,8 = 63,8kH

(18.9) renrnamanan:

1 " 1 s ke M

x, =-—(2p, +5p, +5p, +5IE)=——(2-2g +5-0,59+5-3g+5-9g)=-5,3-10 = —53kH
5 5 c

Xy = —953 kH

(18.7) Tenrnamanas:

X, =—Xg; =53 «kH
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