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Cj?':i Gomn

?wn—ycnyﬁuﬁ Kynnmanma 5340200 - “Bumo Ba HHINOOTNAP KYPHIHIOH™
(canoar Ba dyxapo Gmuonapu), 5340300 - “Ilaxap KyPWIHIIH Ba XFKANUCH,
5340400- “MyxaHoHCIMK KOMMYHHKAUMAIAPHM KypWIMIIH Ba MOHTAXH
{MCCHKNHMK-Ta3 TABMHHOTH Ba BeHTHAALMA), 5340500 -“Kypunum matepHauiapH,
GyloMnapH Ba KOMCTPYKUMANapHHH nuwial umkapwm”, 5340700- “Tuppotexiuxka
KypwTHIM (Dapé MHIIOOTNAPH Ba FMOPO AJIEKTPOCTAHIMANAD KypHiHImH)~, 534400-
“KMAMAT MHKHHUMDHHrA® TALAHM iiyHamme  6¥fnua wmnab  uMKkapWinnas
aKpanmMaraH Xonga cHpTKH TapnuMaa Oaxanasp axkaleMHK [AapaxacHra 3ra
O6¥nannran myTaxaccHcnap Taiépnaul ¥KyB 0acTypH acOCHAA Ty3HITAH,

“Kypwmw mexanvkacy “ daxu  “Hasapiii mexanmka”, “Martepuannap
kapuwmry” pa “Kypunum mexammkac” cannapiaan Tamkwmn Tonrad 6ymb,
. “ApXHTEKTypa Ba KypHmMHII' COXACHAA TAXCHN onaéTrad Tanabanap y4yH acocHi
yMymkacGui  darnapaaH Owpu  xHcoGnamamy. “Kypwmm wexawuxacu™ —
KOHCTPYKLUMSA Ba HHIUOOTHAPHM MycTaxkamnurd, OMKHPIMIH Ba YCTHBOPIHIMHH
xucofnaln ycynnapH XamOa HHIDOOTAAPHM MYCTAXKaMUIHCHHM xucobmamn #¥mH
. GunaH  y30K MyANaTTa YMOAMTUTHIMHH TabMHHNAWHA  pratysun  dax
xucoGnaxanm.

Cuptky Tawinm TanaGanapu ToMOoHMARH “Kypumuin mexanmkack” (Hazapuii
Mexanyka) dauH MyBoddakuaTIH FINMAMTHpHARMH y49yH Tanmabanap GaHuHHHT
“Cratika”, “Kunemarnka”, “Iunamuxa” GYmmnapura Moc pasHga eTapiH
napaxkaja MaTeMaTHK TaHEprapiaHKiapra ara OynHuinaps Jo3vmM,

a) “Hasapuit mexanuka” damvmunr Cratuka o¥mumuHn mysaddauarax
{anamTHpHInH yayH Tanabanap TpuroHoMeTpHk dyHxLMANAp TYFpHcHaa Oatadoun
MabLiyMoTiapra ara Oymumu, TyFpu Oypdaxmu Ba TyrpH O¥ymaran Gypuawmm
yuypuaxknapHH euHllH, CHHYCJI8D Ba KOCHHycnap TeOpeManepHHH OwmkuutapH
noamm. MaTtemaTuxasuHr “ AnanvTuk reoMerpus’ O mamuas TanaGanap vexucnamMx
Ba ¢asofard nexapT KOOPAHHATANAPDH CHCTEMACHHH, HKKH WYHanNHuUl OpacHOarH
OypuaxHH xmcobnaw dopmynanapuss, “Bexropnap anrebpacH” G¥smmuman
BEKTOPNAPHM KYLIHID Ba AfWMpHIN yCyJUIAPHHH, YNAPHHHT KOOPAHHATA FRNApHMAArd
NPOSKUMANADHHH XHCOONAUWIHY, BEKTODNAPDHH CKANAP BAa BEKTOpP KynadTHpHIl
dopmynanapuiH GHIHILNAPH NO3HM.

6) “Hazapmit mexanuxa’ damwmnmr “Kudemarnxka” — G¥mnMHHH
MyeaddakuaTin YanamTHpHm YayH vanabanap dyuxipranapum
anddepenupannaw, ynapHuar rpaduxnapusm amamm, Tabumil  xoopmuHaTANAp
cHcTeMacunaH GofmanaHum, 3IPH YMIHKHHHT STPHIMCH, 3[PHJIHK pPaMyCHHH
XHucobnam mManaxanapira sra SYnHIILIADH MO3HM.
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B) “Hazapuii mexannxa” danmnnar “Tuvamuka” 6¥mmunn Mysaddakuatin
{yanamTvpum yuyH Tanabamap codga QYHKUHANADHHMHT aHHK Ba AHHKMAC
HHTerPAMLNADHHH XHCOGNAMN!, IrPH YH3HKAM HHTETPANIap TYTPHCHAA TYUTYHWAra ara
6ymim, prddepeHuHan TeHrNaMarapHM MHTEIPAZIAIN  MANAKARAPHrA Ira
6¥mLLNapH NO3HM.

TanaSanap “Hasapiii MexaHMxa” KypcHHM ¥amamTHpHIIH HaTHXachua
KyitHmar# GHNHM Ba MasTakanapra sra G¥nHmmiapH J103uM:

- MEXAHHMKAHHHT ACOCHH KOHYHNapHHH GauMiinapy pa ynap acochaa MOmaHi HyKra,
KATTHK, XMCM B3 MEXaHHK CHCTEMAHHHT MYBO3aHATH Ba XapaxaTHHH YpraHH
YCYJUIapH TYTPHCHAA aHHUK Tacaseypra sra Gy mm;

- ouiraH GHIMM Ba MAVIAKANAPHHM TEXHUKAHMHE MALIYM AHHK MACANANADHHA eYHINrA

TAnGHK KHTHII,

XO3MprH 3aMOH KOMTIBIOTEp TEXHMKACH B2 WHAODMALMOH TEXHOAOTHANAD

HMKOHHATIapHAaH (oiinanannb, TeXHHMK THIHMMAADHHHT MaTEMATHK Ba MEXaHMK

MOOENNApHHH MyCTaKHn SPaTHIl B3a YNAPHH TAXJHI KHIHI OPKANH KEPAKITH

MABTYMOTNApHH KYIra KMPWTHIN, JoAHXanap Ty3W, MaBXy[ NOHHXANapHH

TAKOMHIUNALL THPHIT,

- omnraH 6wnonapran Ctatika, Knnematika sa JuHamuka 6 rmmnapu G¥inaa aHAK
MacananapHM edvHinra TanGux KHna oNMHIN, KOMITBHOTEPIA MEXAHMK THIMMNAPHI Ba
yJapRarH MexXaHHK XapaéHNapHH MOAS/ANAIITHPHLI BA KeDak/M MEKIYMOTHAADHM
K¥nTa KHpHTA OJTHIN.

Viyp-yorybui xymnanmana “Hazapuii mexanuxa vvrr Cratixa, Knnematuxa
Ba [lunamuxa GY/0DMnapHnad ywranad TOMHpHKNap Kesrupwirad. Tanabanapra
BapuaHTnap daH YKHTyBuHCH TomoHMIaH Gepinanu. TonIMPHK MaB3IynapH Ba
xaxmu kadenpana Tanaba TannaraH HywanMm OyHH9a axpaTHATaH COaT Ba
yHanHIn manaka TanabnapHaad keHb YHKraH xonna TaHaaHaIH.

Yenybuil kyuanMana TomoupHKiIap Mas3ynapH G¥itMua xucka Hasapwit
MIBTYMOTNAP, TONOIHPHKTApHHM OaxkapHin TapTHOM, ToMUHPHKNapHu OaxaprHiu
HaMyHanapH KenTHpHaradH. Massynap G¥itHua TommHpHKNapHM GaxapHil y4YyH
Tanaba TerMIUTH Ha3apHH MarAyMOTNAPHH YYKYP YPradHHilH, TOMUWPHENApHH
OaxapHin TapTHOH OhnaH MyxaMMan TaHHIDHIIH JIO3HM. TONMDIMPHKAAp YKyBaM
nadTapuna aAHHK Ba TapTHOMH paBHmIaa GaxapwiHn noauM. XpcoboTaa uniManap
MacmTalra pHos XHITaH Xoda sH3wsmH Ba Gapua x1cob kiTob Mmunapu TH3IMAara
MOC paBHILZA AHHK Ba THIA-TYKHC KETTHPHITHINH JIOFHM.

TonmupHukHH GaxapHmnaa aHHKNAHTAH KAMYMTHKIADHHHT KHAMATAAPH, YI40B
GHpMHXNApH KYPCATWITAH XOMAA, KANBAN TAPIHAA XEJTHPWIMIDH NO3MM. THTYN
BaparH HaMyHacH WIOBana KeTTHPHIraH,



HMnosa

V3IEEKHCTOH PECITYB/MKACH KYPHJIMLI BATHPJTHTH
TOMKEHT APXUTEKTYPA KYPHJIMIL HHCTHTYTH

“KYPHUJIHII MEXAHHKACH BA HHIHOOTJIAP -
IH/BHJIABAPIOULIHIH” KA®EIPACH

KYPWIHIL MEXAHUKACH
(HA3APHIA MEXAHHKA)

danuaan XHco0-9rM3Ma NOUTapHN TYTUIaMHA

Bamapou: ____ rypyx

Tanabacu

BapuanT Ne

XHMMOs XARBATH ZB30NADH

Cana

Tomxerar 20........



Hazopar xmcof-amima mmnapmen Gaxaprm 6§iinua yorybnii xfpcarma

Cuprxn 6Ynum Tanabanapu TOMOHMAAH MYCTakHn Gaxapwnran xap Oup
HAIOPAT HIIH XHCOBOTH narapaa (caxudanapy Kyiliwiran) pacMuitawTHpiiay.
Hadrap mMyxosacu  yxys-ycnyOumii  KynaHuana  KenTHpHATaH — IIaxnga
pPAcMMANAIITHDHIALH,

Hadrapuusr 6upuH+H GeTHAa HA30paT TOMIUHPHFH MAa3MYHH, YHHHT BAPHAHTH
KEJTTHD WM.

Hasopar TONIMMPHFH MACANANADHHMHT €YMMH RaQTAPHHHI  MKKMHYH
caxpudacunan GomnaHany.

MacananapHn ewMIIa yM3aManap xanampa 4YH3mnamn (MacwTaG s™HGOpra
OMHFAH XOAO3) BA MACANA WIAPTH, AHHKNAHWIUM JIOIHM GynraH xaTranmMknap
kypcaTHnany. ‘

Macana cxemanapi (uM3ManapH) Tanab napakacHoa YHIMAAODM, YHWHT
§rqamnapu Macana WwapTHAA GepHnTraH KaTTANMKIAP BA AHHKMAHHIDH NTo3iM G§ran
KaTTANHKNAD BEKTOPNAPHHH AHHK KYPCaTHII HMKOHHHH BepHLIH Jo3HM.

Macana euuMu anbarra TanaBa ToMOHMmaH wmapxnad Gopunmms no3HM
(x#cKana HazapHit MaBIyMOoT, xHcobnam dopMynanapy Ba TeOpeMAnapHHH TaH/am
cababnapH, HaTwxanap xaHnai xocmn O6¥numm). Macana eunmpa ynu ewan
Ayinapy pa eUMIIHMMr KeTMa-KeTmurd anbarra k¥pcamwimH xepax. [adTapHuar
xap Gup caxpdracuma caxuda yexxacHOa KaMYHIHKIAPHM KYPCAaTHII Y4YH KOH
KOJIAMPMINH Kepak.

Kypcariunran maptnap GawapuwmMaraH Xmco6oTnap YKMTYBYM TOMOHHMIAH
kabyn wmumbaMmadign. bBawxapwiraH rtomuHpuK xpucoboTH oxMpuoa Macana
XABOONADH KEATHPHITHIOH NO3KHM.



I CraTruxa
1.1. Bup AYKTana KECHIUYBYH KY'LIap CHCTEMAchH

Tawchp uMzuKIapH GHMp HyKTADA KeCcHIIAOMTaH Kywiap Tytuiamura Gup
HyKTana KeCHIIYB4YH EKH KECHLIYB4H Ky'inap CHCTEMAacH AeHwiany.
A

1.1-pacm. 1.2- pacwm.

Bup HykTama XecHIlyBWM Ky9iap CHCTEMacH MyBo3aHatoa 6ymumu ywyH
Ky'unap CHCTEMBCHHHHI TEHr TEBCHP ITYBYMCHHH HOAra TeHr GynuuuH 3apyp Ba
eTapaHanp.

Bup Hykrana KecHUIyBYH Kywnap CHCTEMACHHHHT MYBO3AHAT 1APTHHH
reoMeTpHK Ba aHanuTuk Gopmanapna Honana My MKHH;

. MyBo3aHaT WAPTHHHHI TeoMeTpHK dopMacH.

Bup Hykrana KeCHIYBYH Ky4nap CHCTEMACHHHHT TEHT TABCHP ETYBYHCH
ynapmaH KypwaraH xymOypHaxHHHT EnyBAH TOMOHH OpXand HponanaHHIoH
cababnu, Maskyp cHCTeMa MyBO3aHATAA OVMMIUM YYyH, Y7NapAaH KypHiraH
KynOypuak énuk 6¥AHIIA NO3KM,

Byupait xonna R=o0 6¥nanu. (1.0
. MyBosanaT wapTHHHHT aHanuTHK dopmach:

Bup HyKrapa KecHIIYBYH KywWiap CHCTEMACHHHHI TEHI TABCHP 3TYBYHCH
aHanuTHK Gopmana Kyinaary hopmMynia acocHna AHHKIIAHANM:

R = /RxZ + Ry? + RzZ (1.2)
(1.2) nan R=0 Gymnun y9yH, OMp BaKTAa, KeCHIOYBYH KyWIap CHCTEMACH YHYH
Ky#HOars waptiapid GaxaprrioH 3apyp Ba eTapIHIup:

Rx =% F =0
Ry =% Fey =0 (1.3)
RZ=EFH=O

7



Hemax, 6Hp HyKTaOa xecHIIYBYHM Kyunap CHCTeMAacH Myso3jaHaTaa G6¥snnmm
YUYH Ky4WwiapHHM KOOpAHHATA ¥Knapuoars npoexkuManapHHudr  anrebpanx
fturimrupiapy GHp BakTAa Honra TeHr Gymimrm 3apyp ea eTapamaup. Masxyp wapt
6Mp HyKTanma KecHIYBYH Ky4nap CHCTEMAacH MYBO3AHATMHHHI AHANHTHK LWADTHHH
ngopanaiiam.

Arap OGMp HyKTada KecHImYBYH Kydnap cHcTeMacH OHp Tekncnnkaa éryeqm
xywiap TynnamumaH Hb6opar G¥nca, OyHmali Kywnap CHCTEMacH YHyH
MYERO3AHATHHHI AHANMTHK IADTH Kyituparn4a ndonananamgm:

{RI =¥F,.=0

Ry =3 Fiy =0 (9

1.2, TexncaHxkna HXTHEPHH ROHIAITAR KYWLIAP CHCTCMACH

1.2.1 Kysnaur nyxrara aac6aran anreGpanx MOMeHTH

XKucmuuHr KjaranMac HyKTa KM VK aTpoduHaa afnaHHIOH YHra Kyiunrad
Ky4HHHI MoMeHTHra Dormix 6ynamy. ByHna skneMra KyiHArad Ky4HHHT MOMEHTH
xucobnaHaouraH HYKTa MOMEHT MapkadH, Ky4HHHr 6y HyxTara HHCGaTaH MOMEHTH
— MOMEHT MapKa3ura HHcGarTan Kyyu MOMEHTH AeHniani.

Qapas KWIAHIHK, Ak TeKHCIHTHra MepneBAuKynap ¥K atpodwmna afinaHa
onamuraH XMCMHMHT A Hyxtacura F xyu kyiwmras 6¥ncun. O, VKHMHr makn
TekHcnMrH Ginan kecumran HykracHHH O Gwnan Genrmnaiimua, Bywnait xonna,
xeucsmune A nysmacuea Kpinunean F xyunure O nyxmaza nuc6aman sosenmu de6,
Moc wrmopa duaan oauncan xyy moovau F uu kyy eaacy d za ximaimmacuza meuz
xkammanuxxa atimenadu (1.36-pacm). Bynna O HyxranaH £ KYYHHHT TaLCHp
YHIMFHTA TYWHDHITAH NEPNEHIHKYISPHHHT yaywmrd F kyununr O Hykrara
HHcbaTtaH enkacH aeitHnanm.

Kyu momeHTHHMHT anrebpaMk KmMilmaTH M,,(F-") G6munan Genrunananu Ba y
Kyiingars hopMyna EépnaMHaa aHHK/TaHAMH:

M,(F)=%F.d (1.5)

Arap F xye XHCMHH MOMCHT MapKasH aTpodHaa COaT CTPenKacH HyHaTHIuAIa

ainaHTHpca, Ky4 MOMEeHTH MaHQHH, axc Xonma, MycOat xucobnavaon (3a, 36-
pacmnap):
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1.3a-pacm. 1.36-pacm.

Kyannar Hykrara aacbatan MoMeRTH KyiiEaary xeccanapra ora:

1. Kyununz auxoopu ea fiyHaGRuMMRI Jazapmupsmari, mascup ey 6yunab
HXMUEPUiE HYEMAca KyMupuuioan, KyY eaxacu preapmail Ko myghaiuiu, Ky
MoMenmu y3zapmatiou.

2. Kyunumz mascup unzueu MOMEHM Maprazudax ymca, Yuuxz wiy Hykmaza
HUCOGmMan MoMeHMU, Ky4 eAKact HOA2A menz Gpnzanruzu YayH, Hoaza mene 6yaadi.

3. 4-pacmra «x¥pa, xywwuwz Hyxmaza
Hucbaman MoMenmununz afconom Kuimaniu
KYUHUNZ Gowin 6a yuuHu MoMenn Maprazt Gunan

mymaumupuwdan xocua byanzan OAB yubypuax

103ACUNTING UKKIAANZANNZA IMeH2 BPradu.

IM,(F)| = 22048 = IF - dI (1.6)

1.4-pacu.



1.2.2. Kydt xy4. KydT Kyqa momentn

Kypm &yw oOeb suxdop wcuxamoan

menz, Oup myzpu wwsukda éEmmaiouzanm, F
napanien 8a KApama — Kapuwin iipnaszan uxKi A d
‘3
Kyudan utopam cucmemaza atimwaaon. Xydt l/_oo-
A

Kyd (F‘,,fz) bunan Genrananagy {1.5-pacm).
1.5-pacm.

HKydT xyunu TAUTKHI ITTaH KyHAap OpacHaary 3Hr KMCKa macoda xydT Kyu
enKacH aefinnany va y d 6unan Gemmrunanany. XXydT Kyd ETraH TEKHCITHK Xy DT Kyd
TEKHCAHTH DcHMIAnH.

Ky KywHH TAIIKHT STYBYH KYWIap TEHT TabCHP 3TYBYHTa 3ra 3mac. JXydr
kyury GurTa Kyu Gwian amvamTHpHG Gymmation. Iy ca6abmi, daxar xydr kyq
TascHpHna 6ynrad MM unral‘:l;manua XapakaT kdna onmainn! Kydt xyu
CTATHKAHHHT MYCTAKMI 3eMeHTH XHcobnananm!

Kypr xys momenrn. XydT xyy Tancupuaa xucM xydT TekHcnuruoa
aiinanma xapaxatga 6y ammn MymkiH, Xy )T Kywnsnar afinastipaw addexri:

1. Kydr xysmm Tamxun sTysun kywnapuvnr momym -|Fy|,|F; lsa wydrr
ETKACHHHHT Y3yHAHTH d ra;

2. XydT xy4 TEKMCITHTHHHHT 3rajLtaraH XonaTHra;

3. Xydt xya TancHpHAArH XHMCMHHHI &HNAHHI HyHanwuura OGornMk
6¥nanu.

XKyt xyununr aitnantupyir 3ddextiHn anmgnam sa Gaxonam yayH mxydT
KyY MOMEHTH TYIIYHYacH KHPHTWIAOH. Aygm Ryununz momenmu odeb, woc
wuiopa GuAaGK OMUNZAH NCYQmt KYWHI  MAWKUR KUR2AH KyunapOaw Oupunune

MUKOODUHN XCYQm  KPY  ERKACHKIHE  YIYHAlzu2a xpnatimvacuza mene Gyazan
xammatixxa airuaadu. Xydt xya vomenTv m Gunan Gesrunanamm;
M =1Fd = 1fd (1.7



KydhT Ky AHCMHH COAT MHIHHMHI AUTAHMINHCE TeckapH HAyHanmMmnza
AfNAHTHPHINTa WHTWICA, YHWHT MOMEHTH MycOar, axc xoama — manguit
xucobnanagu (1.6-pacm). IHapTnn pasmuga xydT Kyunap €HCHMOH CTpenxanap
opkanu TaceupnaMann. Bynna xydr xyu' MOMEHTHHHHr xatranurd M opxans,

YHHHI HIIOPacH 3ca CTPe/IKa HyHamuuH opxani nosanaHanm.

' r M ) i !'( Q ‘._‘
4 J ' \
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1.6-pacm.

1.2.3, Texncnakaa RXTHEpR XoTAINTan Xyw1ap CHCTEMACHANAT MYBOIAHAT
IDapT/IAPH

Texucmuxkna wuxTHEpMii xoiinamran xyunap cHcreMacwnn OHp Mapxasra
KeTHpHMLIAA, Kywnap cucTemacH Gom BexTopra Tewr Gynran Gurra xyura sa
MOMeHTH BGom MomeHTra Tewr OuTTa XKydira KenTHpHnaaM. bympaHd wyunap
cuctemacH R = O 6¥/ica, TeHr TabcHp ITyBYM Ky4ra, R =0, My # 0 6ynranna
6uTTa *ydrra skeupaneHT 6ynany. JIEKHH, TEKHC/IHKAArH KyWiap CHCTEMACHHH Iy
TeKHCIMKAarn UXTHEPHIT O HYKTara XemTHPHII HaTHXacHAa, GHp BAKTHMHI ¥3una
Gom sexTop R, Gom moment M, xam HOMTa TeHT G MM My MKHH: -

R=0 M=), , (1.7)

&t : _
TF=0IM,(F)=0. (1.8)

(1.7} ma (1.8) Tenrnamanap TexHcAMkna wxTREpHH kofinamraH Kywunap
CHCTEMACH MYBO3AHATHHHHT 3apyp Ba eTapiiH IIAPTNApHHH Hdopanalimm.

(1.7) waptnapHuHT 3apypNHrH IyHnaH nboparkH, ynapHuHr OGupopracH
DaxapHIMaca, Ky'4iap CHCTEMACH MyBo3aHatna 6yna omuaiinu. (1.7) mapTnapHHHr
eTAPNWMIH WyHOaH MOOpaTkH, R = 0 6ynca, TexmCIMKarH Kyanap CHCTeMach



momeHTH Mg ra Tenr G¥nram xydrra kenmupunany, nexun Mo = 0 6¥nramm yuyH,
Oy Kyunap cHCTEMacH NyBo3aHatoa 6ynanu.

Bow BekTOpHHHT Momysin R = ’R} + Ryzd)opuyna AcoCHNA AHHKIAHHILIHHH

sstrbopra oncak, (1.7) &xu (1.8) Tewrnamanap ypHHra, TEKHCAMKIArH Ky<lap
CHCTEMABCH MYBO3AHATH MIADTIAPMHMHI aHANMTHK Hdomacu y<yH Kylimparn
TeHrnamanapra ara 6ynamns;

IX =0,LY, =0ZM,(F)=0 (1.9)

Ilemak, mexucnuxdazu xywiap cucmemacu Myeoizanamoa Gyauweu yuyn, Oup
8aKMOA K)NAAPHUNZ (Y Mexuchindd émyevii UKKuma Koopounama Yxiapuza
NpoeKyUANAPHHUNZ aZeGPanx TuzunouIap aI0xuoa-aloxuda xonza menzs Opauun
8a iy mexuCAUKOAZH uUXMNEpuii HyKmaza nucbGamar movenmaapuiine arzepaux
fresunducupy xave nonza men Gy 3apyp ea emapiu 6yaap IKaH.

Texncavxgarn xywnap CHCTEMacH MYBOJAZHATHHHHT SHA KyHMmarH WkkH
mapTH XaM MapAy:

1) Texucauxdazu syMaap cucmemac MysoIaHamoa GPAut YuyH, KYUIapHUn:
iy mexucnuroa Eemyevu uxmuépuii ukku  mykmawunz xap bupwea wucbaman
MOMEHMIGDUNNNE AICe0paux fuzunouc aroxuda-aioxuoa noaza menz Gyauum ea
MAIKyp Hyxmanapuu GupaGuimupyeMun myzpt NusUKKA HEPNEHOuKyaRp byawazan
JKOG2u npoeXyRANAPUNLKZ A12e0pauk TuRIHOUCUHN XK HOAZQ meH2 Gyauuual 3apyp
8a emap/uoup:.

IM(F)=0,ZMy (F)=0,ZU,=0. (1.10)

Texucnukaarn Kyw@wiap CHCTEMAcH MYyBO3aHATHA
6¥mmy yyyH Oy IIApTAapHHHT 3ApDYPAHIH IIyHOAKH,
(1.10) pgarm maprnapnaH Gupopracn GOaxapHimaca,
OyHaai Kywnap CHCTEMACH MyBO3AHATIIAIM AiiIH.

(1.10) pgars wapTNapHHHT TEKHCNMKOATH KYWNAP CHCTEMacH MYyBOlaHATAA
6¥mmun yayn etapnunurwan ucSotnaiinuk, (1.10) marn maprnapnad GMpHHEH
TEHIJTHKHHHT GawapHmHinH A Hykrara HHcOaraH 00 MOMEHTHMHT HOMTA
TeRrmruen uoganaiimm: M, = 0. Bymgaili Xonaa, TexuciMKmard kywaap
CHCTEMACH A HyKTanaH YTYBYH TEHT TabCHP ITYBYHIa KeTHPHIHLIH MyMKHH.

(1.10) HHHr HKKHHYH HOAACH BA TEHT TALCHP ITYBYH KyHHHHI MOMEHTH
XakHaa BapuHuoH Teopemacura acocaH

My(R) = T My(F) =0, (.11
12

1.7-pacu.



TeHranx GaxapwnanH. Bunobapun, R wunr TabeHup uM3nTH B HyKTanad yTamm,
sphx AB pa éramu. (1.10) HRHr yuywHum maptara xypa R=)Y,=0. Y ¥x AB ra
nepneHaukyasp Gynmaramm yuyw, Oy Tewrmuk daxar R, = 0 Gynranparuma
Gaxapunagn. Jemax, (1.10) mapTt 6axapiiraHga, TeKHCIHKAAH Ky'Liap CHCTEMAacH
MyBO3aHaTAA 6¥nap IxaH,

2} Texucnuxkdazu Kywaap cucmewacu syeozawamoa Oymauwuu yyyn bapva
Kyunapiune uly mexucauxdaeu Oup myspu  wusuxoa 5
Emviaiiduzan yuma wyxmanunz xap Gupuza Hucbaman
xucobnanzan  stoMmenmrapununz  finzunowiapn  aroxuda-
anoxuoa Hoaza menz Gpunuil 3apyp 6a emapaudup:

IM (F) = 0,ZMp (F) — 0,ZMc(F) —0. (112) _
1.8-pacm.

Ky=nap crcremacu Mysozanarna Gynumsu yuyH Oy mapTnapHuHr 3apyp/mHIrH
Gepocura (1.12) pax kemnb uuxamn. Yynkw, 6y mapTnapHmur OupopTacH
Gamapunmaca, Kyunap CHCTeMacH MysosaHatnammainn. (1.12) mapTnapruxr
TEeKHCITHKAAIH Ky4nap CHCTEMAcH MyBO3aHaTaa GymanH y9IyH eTapiM JIKAHTHTH,
TeckapucHHH  dhapai kunmm  Gumnas ucboTnamagd.  (1.12) mapTmapHHHr
Caxapunminura xapamail, TeKHCIMKOArH KyWwiap CHCTEMacH MYyEO3JaHaTAa
6ynmacnuru yqayH, Gepwiran kywnap cHcTtemacH GHp Baktuiur Yaumma A, B, C
HYKTanapaaH yTyEYM TeHT TabCMp 3TYBUMra KeNnTHPpWAHIOH Kepak, Bympail xon
6¥nuwn MyMKHH aMac, yyHkH A, B, C Hykranap Oup TYFpH 4M3IHKIa STmaigH.
Mynnnr yuayn (1.12) waprnap bakaphnca, TEKMCIMKIATH KyWwiap CHCTEMAacH
MyBO3aHaTAa Oynann.

1.2.4. Texscnuxaa axTHEPHIl Mofl1amran xy9.1ap CHCTeMACHAREAT
MYBOIAHATHIA OB MACAIAIAPHE e1HIU YHYR youyDri xypcaTmanap

TexkHcAHKAATH Ky'nap CHCTEMACHHHHT MYBOJAHATHTA JOHP MacananapHe
Kyhfinnars TapTibaa edHIn TABCHA ITHAADM.

1. Myro3aHaTH ¥praHinasrrad xHcM (EXH HYKTa) aHHKIaHAIH;

2. KoopanHaranap cHcTeMacH Tannab onuHamH;

3. XucMra TaLCcHp ITAETTAH KyWiap kKypcaTHnanm;

4 Xucvuu GornaHvmnapnaH 6Y¥matvO, yNapHWHr TasCcWpnapu OOFmaHMm

peakiiH Ky wiapH OniaH anmaluTHPHIAOH;
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5. MysolaHaTH ypranwnaétraH xmncm Gepunran xyunap ea Gornanmmsap
peaxuma Ky4iapH TAbCHPHIArH 3pKHH AHcM neb kapananm,

6. BepiraH macana CTaTHK AHMK Macana JKaHIHTH TeKITHPMNanH, SLHH
macanamardH  anrebpasK HOMZLIYM KATTANHKNAP COHM YuYTanadH OLUMACIHTH
AHHKJIAHAH,

7. Koopaunara yxnapsawHr Gomwu, fiyHammmu Ba MOMEHT XpcoOraHamurax
HyKTa (EXH HyKTanap) TaHnaHanH.

8. Katrux »aicMra KYilHNTaH TeKMCHKAA HXTHEpHH XOinalurad kywiap
CHCTEMACH YUYH MYBO3AHAT TEHRIAMANapH TY3Ha0H.

9. Ty3wnraH MyBO3aHAT TEHIIAMANAPH €4HNAOH BA HOMABAYM KaTTaInKnap
AHHMKNAHAOH.

MyBo3aHaT TEHrNaManapuHM Ty3HLUIA Xap 6up Tewrnamana daxat GurragaH
HOMALTYM KATTAITMK KATHAHmHra 36THGop Geprm noaum. Hynuxu Gynaa xap Gup
HOMARTYM KATTAIMK GeBOCHTA LIy HOMABJYM KATTANTHK KATHAWTAH TEHTJIAMAHH
eqMm opxamd awMxnaHamM. ByHnafi Xon MacanaHH eYMIDHM CONNANAnITHPALH.
ByHHHT y4yH KOODAMHAT2 VX/TapHHM IWNyHAai YTKasHm no3wmxH, OyHnma Ganan
HOMALITYM Kywiap ¥KKAa nmeprneHAsMKynap Xonna ifynanras 6¥ncun, Bynnaii xonoa
YNapHHHT Ma3xyD YiJIarH NPOeKLMANApH Honra TeHr G¥nanu.

MonmeHT xpcobnaHanHrad HykTa cHpaTHOA ofaTAa HKKH HOMARITYM KyWHHHT
TALCHP QHM3HKNIAPH KeCHMAAMraH HyKTAHH ONHW Makcanra MyBoguk Gymanu. By
XON TYIHNAOMIAH MOMEHTNap TenrnamacH GesocHTa YYHHYH HOMALIYM KYWHH
anknanmra umkoH Oepann.Arap macanaza 0ofnaHMIl pPeaxiMACHHHHT TyHANHILH
anpx 6¥mdaca, YHH KOOpAHHATA YxnapuHuHr mycOaT ityuamm 6¥itnab Hynanran
TAIUKHT 3TYBYMNApra akpatmm Maxcaara wmyeoduk O¥naow. Xpcobnam
HATHKACHAA Ky4HMHT MHKI0pH MaHdmii Hmmopanu aukca, Oy Xon, MasKyp Ky4HHHT
Hynanuws, gacTaab ynaMana KypCaTWiraH ifyHanMiuMra TeckapH 3IKaHTHTHAaH
napak Gepazy.
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1.2.5. Texucanxaa HXTREPRHA MolJAIITaH KY9AAp CHCTEMACHAEAT
MYBO3AHATHIA JOND MACANANAPHN CYRI HAMYHANAPA

I-macana. Orupmuru G=100 H. 6¥nran A wapHup
sy 6unax gesopra MaxxamiaHrad bup xuHcmm AR 6anxanmn
: Onoxnan jrxazmnran Ba Gup yuura P Ok ocwiraH Tpoc
BepTuxanTa Hucharan 45° Gypuak ocTHaa ymna6 Typagy.
Tpocumur BC kucMy seprikan 6unan 30° Gypuax xocun
xkunamn. D wyktana Ganxara orspiura 200 H. 6¥nran K

10K OcHNamH. Arap RD-%AB 6¥nca, P 1ok ornpmn sa A

INAPHHDHMUHT peaximAcH TOIBUICHH. Broxnaru
1.9 a-pacwm. HuKanaHHm xHeobra onsamacuH (1.9 a-pacu).

Eanm. AB Oankawmur wmyBo3aHaTHHH Vprawammui, AB Ganxara yHAHT
OFHPIIMTH G saD HyKTara KyiunraH Q Kyunap TabCHp 3TanH. A mapuup sa BC
Tpoc Oanka yuyn Oornanvuinap xucobnanaauw. Bornavwmmnappan G¥aTHm
npuHUMOMra Kx¥pa, OornaHMuinapHuHr 6ankara TaLCHPDHMMH YJADHHHC peaxiiud
Kyunapy 6Hi1aH anMamTHpaMhi: A WAPHHP PEAKLHACHHHHI HYHANIHIIH ONgHHIAH
HOMALIYM G¥Jrawiuru yuyH yHH KoOpAHHATa YKnapHHuMHr mycbar iifwmammmm
6¥#nab yHanran -‘:',t.-"-ﬁ TRIIKW 3TYBYNapura axpartamm3, Tpoc BC xucMunaru
TapaHrNMHK Ky4d OGankamnnr B HykracHra xyfmnagd Bsa
Tpoc 6¥itnab C 6nox Tomon Hywananu.(C 6nox P kyaxunr
TabCHpP YHIMFHHM Yaraptupamgd). Hammkana Gamxara
TascMp ITyBuH (G6.8.A.X.¥,) xyunapoan wubopat
TEKHCIMKIA HXTHEDHIT xoillamraH Kywiap CHCTEMACHra
ara 6ynamus (1.9 6-pacm).

XocHn G¥nraH Kxydnap CHCTEMACH YUYH MyBO3aHAT

TEHTNAMANADHHH Ty3AMH3: o
YX;=0; Xy — Pcos60° =0 (1.13)
3, =0¥,—G—-Q+Pcos38=0 (1.14)
o AB 3 :
Z.a‘,[ﬂ]=OG-TcaséﬁanABeos 45— Pros 30 ABsin45 (1.15)

= Pcos 60°4Bcos 45 =0
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Tenrnamanaphu euHt HOMALITYM KATTANTHKIAPHH AHHK/1AAMHAS!

(1.15) Tenrnamanan:

P %fos45+f2%cos45 ~50-0,71+150-071 _ 200-0,71
= cos 30 sin 45+ cos60°- cos45 0,17-0,71+0,5-0,71 0,71-1,37
142
=W= 1464 n.

(1.13) Tenrnamanan;
P
X, =P-c0560°=-2-=73N.

(1.14) Tenrnamanan:
Y, =G+ Q—Pcos30° =100+ 200-146:-087=300-127=173N.

2-Macana. Kpan ropmioHTan GankacHHHHT YIyWiHMrH | ra TeHr, yHHHr Oup
yuH WApHHp EpaaMAna MAaXKaMJIaHTaH, HKkuHaH B yun ropusont 6mnaH a 6ypuax
Xocun sunand. MyBo3aaHaT xonatuia OankaHHHT ropH3oOHT OMNaH TaWKHI KHITaH
GypUars a XaMaa TasHY YH3IHKNapura Kypcarrad G0CHMH TOMIICHH.

Euumy, AB GankaHMHr MyRO3aHaTHHH Yprasamui, AB Ganka 6¥#inab P iox
xapaxkaTnanagn. HOwxwunr OGankazarw xonatm A4 wapHupgaH XucobnananeraH
¥3rapysuaH x Macoda OPKAITH aHHKNaHAH,

A wapuup sa BC apxon AB Oanka ywyn Gornawmmunap xXucoOiaHann.
Bornavmnnappan Giwamno npHHcHnura kypa GornanumuumapHunr AB Gankara
TALCHPHHH YNapHMHT peakifMa KywnapH Ounad anMamTupamua: A mapHHp
peaKiiAcH ONIHHIAH HOMabayM GYNraH nHruy YyH YHH KOOPOHHATa YKIAPHHHHIT
Myc6ar fiynamuny 6¥5inab fiyHamran X, ¥, TAWKHN dTYBYMNAPra aXKPaTaMH3.

BC apxon peaxupacn Gamxawwr B HyKTacHra x¥iiinamy Ba apkoH 6¥iinab C
HYXTa TOMOH ityHanagH. Hamipkana Gankara tascup a1y8us (P, X, ¥, T) xywnap



cHcTemacura ara 6¥namna (1. 10-pacm).
Teurnamarmapsu  eyHd, apKOHOArM TAPAHIAMK Ky4HHH 10K XojarHra

KoopauHaTta ¥xnapvHH pacMuarduex
yrkazub, xocwn Oyaran TexmcnHkna
HXTHEpPH xofulawrax Kywiap
CHCTEMACHHHHT MYBO3aHaT
TEHIramManapHHH Ty3aMHua:

2X;=0X,—Tcosa=0 (1.16)

L10:pock. TV, =0¥, +Tsina—P =0 (1.17)
EM(F)=0—P, +Tlsina=0 (1.18)

Gormucmurinm udoaanopdH MyHocabaTHH aHMKIAAMHM3:
(1.18) Tenrnamanan

., I
I sina ’

Tapaurnuk KyunHu 6unrad xonaa, (1.16) sa (1.17) Tenrnamanapnan, A
MapHHUD PeaKIIHACHHHHT KOOpAHHATa ¥KnapH 0¥ inab fyHanraH Talrkt
aTysuMnapu X, ¥4 nap aHnxnaHanm;

X, =T cosa
Y, =P -Tsina.

F-seacana. Inunury (HHTeHCHBAHIHM) g=3xH/y G¥nraH TekHuc TaKCHMNaHraH
xyu, P=4 xH 6¥nran ky4 sa momeHtnapu M,=+2xHam, M; =-3xHa 6§nran xydr
Kyanap TascMpMaarsi KOHCON OankaHMHr KMCTHPHG MAXKaMIaHraH yuuiard
peaKuns Kysuiapd aHuKnaicHH. (1.11a-pacm).

Euun.

Koncon GankanuHr MmyeozaHatiin ypranamii Koxcon bankara TakcHp 3TyBHH

TEKHC TaKCHMUJIAHraH Kyd, P Ky4 Ba MOMeHTNapu M, M; 6ynran xydT xyunapHn
kypcatamns. TekHC TAKCHMIIAHraH KyUHHHT TeHr Tabcdp dTyBukcu Q Gmnax
GenrunaHagM;
Q=g 3 xH

By Kyu Texut TAKCHMMIAHraH KydY TaBCHP 3TYBYM KOHCON Ganxa KHMCMHHHHT
¥pTacHra Kyiniaam.

Koncon Ganmkanwer yun kmctipub maxxamsanraH. [leeop Ganmkxa yuyH
6ornarmm  xpcobnanany. BormanuumapaaH  GywarMin  MpHHUMNMra  Kypa
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GoFNaHHDI-NeBOPHHHT KOHCon Oankara TabCHPHHH DoFnaHWWl peaxuns Xy4JapH
X,.0, Ba peaKTHB MOMeHT M, Omnan anmmuripamu3. Hathxana xoHcon Gankara
TaLCHP ITyBUH TEKHCIHKOA HXTHEPHMHA JNOANAWIraH Kyunap CHCTemacura ara
Gynamns (1.116-pacm).

Xocun G6¥nraH Kywrap cHCTEMACHHHMHT MYBO3IAHAT TEHTNIaManapH KyHpaarnaa

> X, =0 X,-Psind5*-Q =0, m
F I— Y ¥, =0 Y, +Pcosds' =0, @
I M (F)=0 M,+Psind5’-4+0-85-M, +M, =0. 3)
a) x
G TeHrnamanapHu eunb
el f
" “Fl Fk‘% 4 HOMAaBbAYMIAPHH aHHKTAMH3,
. 1
7 EI;" 2 ::5 oty (1) TeHTJIaManaH:
Bl 7
2 M [ L . 0 ﬁ
L X, =P:snd5"+0=4-—+3.3=118xV.
8) 7 2
« (2) Terrnamanan
X ﬁ n = - - ° - - -
”'.L r.l‘- ?4 "{-._ ¥, -F-cos 45° = —1.0,71 2.8 kN,
Vo \__I' T _r‘—w.\._ A (3] TEeHTrIaManaH:;
L.u...__._}s-_...._w__..
M,=M,—M -Psinds" - 4=-3-2-
e ~4.0,71-4=9.8,5 = 86,8 kNm.

1.2.6, MycTaxnn ¥prasum yuyn Tanafanapra TaEcHS 3THIAAHran Macananap
Bepwiran KypriMaiapHuHr TanHY peakqHE/IAPH AHHKTAHCHH

(Tonmapak C1)

Kypunmara Kyitngars xyunap tascup kunans. P = 100N, F =60 N,
N
q=10 = Kypunmara TancHp 31yBuM xy T Ky momeHTH M = 50 Nm

-TomumpHK BapHaHTH Tanabanapra yXuTyB4YH ToMOHHNAH Bepumany.
-baxapunran  wm  xucofoTH  THTyn  Baparm  WwioBa  acocHOa

PAcCMHANALITHD HAH.
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1.3. Mypakxab 6np nena xucmnapaan TAWKKA TONCaA
KOHCTPYKUHATAPHHHI TAAHY PeaKUHANADHAN AHNK/IaIT
1.3.1. CtarHx anMKNaHraH Ba CTATHK AHHKCNAHMATAH MACATAIAP

Bepunran macanaga HOMabJdyMlap COHH MYBO3AHAT TEHINIAMANADH COHMIa
Tedr Gy nca, Gynaall Macana CTATHK aHMK Macana aeitmnan (1.12a-pacm).
Arap Macanana HOMaB/yMJIAp COHM MYBO3aHAT TEHTI2aMallapH COHHAAH OpPTHK

6¥nca, Gynnail mMacana cTaTHK aHMKMac Macana nefmnant (1.126 — pacm).

a) b)

1.12a-pacwm, 1.126-pacm.

Xynnu mynnai mMynoxasanap acocHIa apKaHWHI MYBOSAHATHHM YpraHmmna
K¥PCATHITaH MACANA CTATHK aHMK, (GOFNaHMIINAD peakuMAnapH coHH yura: X, Y4,

Rp. Tyaunagurad TeKMCAMKOR HMXTHEPHA JMOMAIUrAH KY4nap CHCTEMACHHHHI

MYBO3aHAT TEHIAMATAPH COHH XaM YuTa),
1.126 — pacmia xYpcaTHITaH MACcANa 3C4 CTATHK AHMKMAC JKAHTHTH MabJiyM

bynanu (Gormauumunap peasumanapH coun TYpTTa Xy, ¥4, Xp, Yy Tysunamaran
TEKMCIHKOA  HXTHEPMIT  KOHNalUraH Kywiap CHCTEMACHHMHT — MYBO3aHAT

TEHTJIAMANAPH COHH Y4Ta).
Hazapuii MexaHMkaga craTHk aWMK Macananap eumnagy. CTaTMK HOAHMK

MAacasanapHH e4MIll YCY/UlapH MATePHA/UTAD KADIUMIHIH Ba KYPHAHII MEXaHHKAacH

thansapuaa Yprasuniany.
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1.3.2. Mypaxka6, 6Hp Hewa XHCMAZH TALIKMN TONAH KOHCTPYKUMAHHHT
MYBOJAHATHIA JOHD MACAJANAD

I-smacana. Bup xun yayHnukgard HKkuTa 61p xHHcaH 6pyc ¥3apo C mapHHp
Ounan, wyuuurgex A Ba B HyKTana Xau IUapHMP BOCHTACHAA TasHunapra
6upukTHpHATaH,Xap KaHcH GpycHwer ormpnurk P ora tewr. C Hykrana () 0k
ocwunran. Macoga AB= d. C uykranaH AB ropH3IoHTaN TYFpH uH3KK4ara 6¥nran
macoda b ra Tewr.A, B Ba CluapHMpAapHMHI DeaxuHanapH aHuxnaHcud (1.12a-
pacm).

Equm,

Bup xmn ysywmukoard oxke  kdcmzuaH  Hbopat ByTyH cHcTeMaHMHC

MYBO3aHaTHHK Ypranampi. CHcTemara xap Kaiici 6pycHHHr OFHp/IMrA P Ky4nap Ba

C HyKTara KydwnraH f_j xyu Tascup 3Tagy. Xap KalicH GPYCHUHI OFMPIMK KY4H
6pyc Mmapkasura Kyiwnany. A Ba B IapHMpIH TaAHWIAp CHCTEMAa Y4YyH
Gornanynap xucoOnaHanH. YnapHHHI CHCTeMars TabCHPHHH OornaHmuap
peakuus Kyunapd 6Ounad anMamTHpamHi. 4 Ba 8 1uapHHpAM TaAH4Iap
peakLHANAPHHUHT HYHAMMIOH ONOMHOAH MaRMyM O¥nMmaraHmurid y4yH YNapHH
KOODAHHATA YKNapHHHHT MycOaT HyHamumH 0¥iinab itynanran ¥, 7, X, F, TAWIKHI
ITYBUMIAPTa a/KpaTaMH3.

Hartixana cHCTeMara TasCHp 3TYBYH OHMp TEKHC/IMKAA HXTHEPHIT xKoilnaluran

(P.Q0. %, 7, R, ¥F,)Kydnap cucremacura sra Gynamua,

Xocun 6¥nraH xywnap CHCTEMACHHMHT MyBO3AHAT TEHTNIAMANAPHHM Ty3aMH3.
ByHHMHT yuyH xoopAwHata Gomm cHbatina A HykTawH TaHnmab, A, yxaM
ropusoHTan, Ay yKHu BepTHKaN iyHANTHPaMH3. MOMEHTNIAp TEHINaMaCHHH Ty3HII
Y4YYH MOMEHTNIAp MapkasH chaTina A HyKTanu onamu3. ByHnait xonna:

> X =0 X,+X,=0,
31 =0 ¥,+Y,~-P-P-Q=0, (1.19)

d 53 od
S M (F)=0 Y,-d~P-2~P-2d-Q==0.
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AHMKNAHHIUH  JIO3HM  6¥nraM, TY3WIraH MyBO3AaHAT  TeHrfnamanapioa
KATHAINASTTAH HOMAaLAYMNap COHH TYpTTa. MacanaHu euwmn yuyH TYpPTHHUH
MYBO3aHaT TEHINAMACH Xam Kepak. By TeHrnaMaHm Ty3mmu YydYYH CHCTEMa
KHCMnapHIaH GMpHHUHT (AC KHCMHHHI) MyBO3aHaTHHH ypraHamui. Bynna C vuxn

[IaDHUP DeaklHs Ky4wiapH £, Ba F. HH KpaTH0 ONMHTAaH KHCM Y4yH TalKH

Kyanap Katopura knpuramus (1.13e-pacm).

a)

6)

8)

1.13 a,6,-pacmnap.

TypTvHuH MyBO3aHAT TeHrNaMacHHM Ty3uwl yuyH C Hykrara Huc6aTaH
MOMEHT/IAD TERTNAMACHHH Ty3amui. (TeHrnamagaf., f. KYWiap MOMEHTNApH
KaTHawMaHny, . Macana wmapruaa C IIAPHHP peakUMACHHM TonMm Tanab
KHIHHMaraH. );

S M (F)=0 —};-‘—;-—X_,-b+P%=O. (1.20)

Tenrnamanaptu eynt, HOMALITYM KATTATHKIAPHH AHUKIAAMU3,
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(1.19) renrnamanas:

X, =a=X,kHY, =X,

(1.19) Tenrnamanan:

p£+1P.d+_Q_ﬂ
¥y = 4 4d 2 =P+

~ |

(1.19)Tenrnamanan;

Y, ==Y, +2P+Q=—P—%+2P+Q=P+% .
(1.19) Tenrnamanas:

d d Q.d _d
_]'f"‘--é_+1'=‘-I _(P+E)E+PI _d(P+Q)_

b = b 45

X, =

d(P+Q
XE L _(41! )

2-macana. Mikkn xucmpaH HOOpaT KOHCTPYKUHMAHHMHE TARHY pEaKLMANAapH
aHuKnaHcHH, (1. 14a-pacm).

Bepynran: P = 10 kH, P, = 8xH,M = 25kH - n, q = 1,8,

Eanm. Konctpykuma Xap 6Hp KHCMHHHHT MYBO3aHaTHHM YpraHamua.
Kouctpyxumauuur AC KHCMHTa MHTEHCHBIMTH g G¥raH TekHC TaKCHMIIAHTaH Ky4
Ba £ Ky4 TancHp dTamH. KoHCTPYKIMAHMHT A ywu KMCTMPHG maxxamnauran, C
HYKTaa HYKH ImapHHpra TasHani BornmaHwmiapaaH 6¥aTHIL pHHCHNMTA KYpa,
OeBODHHHT yHra KHCTHDHO MaxxamnaHraH OankaHHHr A YUHFa TabCHPH
GoFnanumnap peaxijuanapx GuinaH anMamITHpHNagH: ©,, ¥, peakuud KywiapH Ba
MOMEHTH M, G¥AraH peakTHE MOMEHT.

C MHKH WIAPHHP PEaKLHA Kywiapn £, ¥, Kywiap opkamH Hdonanananm (1.14
B-pacm). Koopaounata Gomw cudatrna A Hykranu raHnab A, Yxumw ropusoHTan,
Ay YXHHM BepTHKAN IOKOpHra fiyHasrTHpamus. KOHCTPYKUMSHHHT MasKyp KHCMH

YYYH MYBO3aHAT TEHIMaMaTapDHHH Ty3aMH3!
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~X =0 X, +X.-P wsds" =0,

"L =0 Y, =0 =Pcosds" +¥. =0 ,

TM(F)=0 M,+0-14F cos45° 241 -2~ X, -3=0 (.21

Konctpykima CB KMCMMHHHT MYBO3aHATHHH YpraHamHi. KoHCTDYKLMSHHMHT

6y kucmnra P, ky4 Ba MomeHTH M O¥nraH xydT xyd Tascwp sTangn. Y4 HyxTana
k¥aranysuan wapHupra, C HYKTANa HWYKH [MApHHpra TaqHao. BornaHHILnapaaH
G¥waTiil pMHCHNHMCA k¥pa, GOFNAHMUINADHHMHI XMCMra TABCHPH GornaHutap
peakiHA Ky4napH OHnaH aAnMaluTHpHNanH: A Ky3FalyBuaH WapHHp peakuHacH R,
MIAPHHD XAPAKATAAHANMIAH TEKMCIHMKKA NEPIIeHIMKYAAp Xonna iyHananu, ¢ Hakm
WapHHP PeakUMACH £, T, TAIKHA 3TYB4H Kydanap opxkam Hdonanananu (1.14 r-
pacm). Koopounara Gown cudpatmma (' HykTaHm onnb, koopaWHaTa VKNapHHH
1.14r-pacmparupex frxazamu3. KOHCTPYKUHAHHHT Ma3Kyp KHCMH Y4YYH MYBO3aHAT
TeHTJIAMANAPHHH Ty3aMH3.

Y x =0 —X.—R,c0545° =0,

YY,=0 ¥ +R,sind5"~P, =0, (1.22)

Y M(F)=0 —-M~-P,-1+R,sind5°-3=0.

TeurnamanapHu euH0, HOMALTYM KATTANMKIAPHH aHHKNAMMS,

a)
> A
q __Q-"-& [ i’
) r,-' i
2 gl 2 - 1 2
1.14a-pacm. 1.146-pacm.

(1.22) TeHrnaMagan:

_M+P-1_25+8-]

* = Tamdst 3001
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(1.22) renrnamanas;

Y.=R, sind45' —P, =11-8=3 xN.

(1.22) Tenrnamanau:

X% ==R, -cos45° =—155-0,71=—11 xN.

(1.21) TenrnamanaH:

X,==X+P-cos45° =11+10-0,71 =181 &N
(1.21) Tenrnamagas;

Y, =0+P -c0545° =Y. =3,6+10-0,71-3=77 &N.

(1.21) Tenrnamanan:

M,==0:1-P,.c0s45".2-Y,. .2+ X -3=
=-36-10-0,71.2—-6-33=-568 xN.

Baxapunrad XMcOGNAINNADHWHT TYFPWIHTHTA HMINOHY XOCHN KWTHOI YHYH
KOHCTpYKLMsHM GHp GyTyH ne6 xapab, MyBo3aHaT TeHrnamanapiin Tysamns (1.14
6-pacm). HoManmymnapHy aHMKIaHTaH KMAMATIApH Ty3WIaQHTaH TeHTTIAMasiapHu

KAHOATNAHTHPHIOH JIO3HM,

Es ﬁa
»
% Ay K E__? _'_"_P_-T'K__T_
a |
l B, 1€ |
. 'Y;
i/
A
x
1.14e-pacm. 1.14r-pacm.
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X =0 X, ~Pcosd45® — R, cos45° =0
18,1-10.0,71-15,5-0,71 =0

181-181=0

Yr=0 ¥, -0 - P, cos45" - P, + R, cos45° =0
7,7-36~10-071-8+155.0,71=0
18,7-187=0

Y M (F)=0 Q-1+Pcosd5®-2—P,.3+R,c0545° -5+ R, c0s45° -3+ M, —M =0
36+142-24+55433-568-25=0
1058-1058 =0

Xnucofnamnap TaaHy peakuMEnapHHH TYFPH aHHKNAHTaHHAAH napax Sepanw.

1.3.3. Mycrakun easnm yayn Tanabanapra TABCHR ITHIANHIAH MACANANAp
(MKKH EHCMAaH HGOPAT CHCTema)

Tonmapnk, C-2

K¥mma KOHCTPYKUMAHHAT TASHY PpeakuHUIAPHHAA aHHKNAI (HKKHTA
AHCMAAR HDopaT cucTEMA)

C HykTazna OGuprawTHpHIraH = MKKHTA  OKHCMIaH u6opaT  Kymma
KOHCTPYKLHAHHHT TadHY peaxiuanapH aHHKNaHCHH,

Kjwma KOHCTPYKUMSHHHT CXemMaapH Ba xucobnam yuyH 3apyp xaTTanHKnap
1-kanBanga KypcaTiiras,
Hiox:

- TOMUWDHK BapHaHTh Tanabanapra yiuTys4s ToMoHMIAH Gepunagu
- Oawapuaras Hw  xucoBOTM  TMTYN  BaparM  wioBa  acocHma
pacMuitnanTHpHTany.



1-xansan

Bapuaur
paKaMAapH

KoHCTpYKIUMEANAT CXeMWIspR

Xucobnam yayn
KepATH MALTYMOTI4p

3

F, =6kN
F, =8kN
M =12 kNm

=432 —
g=%2—
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; 7, =20 kN
4o 8 Fp =16 kN
o M = 15 kkNm
] kN
- Ll q=4—
4 m
y 2 ;
-l
F
|-~ = F, = 18 kN
; P i W . M = 20 kNm
L B kN
A =5
5] '
& ] o
= a &
1F; fH 3 Ty
A E LAY = 1SN
2 T y =
- I s
B ’. N kN
Fz o g=2—
Fatl m
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- 7 F, = 18 kN
] M = 26 kNm
i s | KN
= i B q=9-——
i =
2 .5 ' _ 1.3
|
Fi
F, =14 kN
M =25 kNm
_4kN
= m
2 )
F, =12kN
) F, =16 kN
70\ F2 M=20.:;Nm
N
M, = LY
B Y
S —— e
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. NMOOD
l"z ‘= &
—— Fr ™ Fz = :I.BkN
10. ~ L™ _ M =18 kNm
A = “.ﬁo - ' _ kN
v B 4 m
i :
£
11. M =25kNm
- kN
9= m
12 M=20kNm
- kN
1=<
Fy =20 kN
13 M =25 kNm
kN
q=3—

m
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14, M =30 kNm
_4kN

=%

15. M =20kNm
_sz

= m

Fi =10 kN
6. M=25iﬁm
g=2—




F

: i T A
w.. ’ LW 4 3 P-_[ =20 kN
11 i " ¥ P, = 10 kN
17. i ¢ M =29 kNm
] - 1’5 S
1 m
2 L 3
F, =15kN
F, = 15 kN
18. M =35 kNm
i kN
q_ '] m
F, = 16 kN
1 M = 30 kNm
EN
g=11—
o
' 9 )M ) F, =1BkN
ki Fy, = 15 kN
o F ? o M = 36 kNm
0 kN
q=15—
A

34




. )
A i
£ x < B A Fi=20kN
Ny = o F = 15kN
21. s: N = M =18 kNm
- it - - RN
\ 45 - L
Al & L et ._1 q 1,4 m
|y
=
-
[ 4
e g —
F..
HIH'\ i [ F, =10 kN
ey {0 F, = 1B kN
22. ANE e M =33 kNm
o kN
- _Gi“ri E g = T i—_
1.5 1.5
A .
& 300 £
~ Fi C F, =20 kN
lq . F, =14 kN
23. X : ‘i'l'V!!iﬁ Y M = 28 kN
el 4 h/ B 1 3 kN
q_ Y] m
‘F
- F =16 kN
F. 1
% F, =22 kN
24, M =36 kNm
Ly kN
Ve o
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RLERET

i A =
Fo- e - F, = 1B kN
“‘_t""_ Fy =15 kN
25. | A M =34 kNm
T " kN
3 2 sl
:B
£
‘5’
F, =12 kN
3 = F, = 16 kN
26. M M =30 kNm
3 C 1 i - kN
[ < q=12 —
2 LTSNy [ K - m
al v
P
AY
_90*{\0
F o
& F,=15kN
2 M ] F, = 20 kN
27. . “ M =32 kNm
e = kN
Yo ] =08
e : g
ALY Y Y'Y YY 8 Y
o 4 1 e
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o _
N o
ol
g LY bl F, = 10 kN
E 3 F, = 20 kN
28. ’ M = 35 kNm
o - kN
L~ 330° My J,C ¥ q=14 —
% o "
i 3 .
Fi 4 e
" = T 9T F, =18 kN
29. Yy ¥y ¥c 1 M =27 kNm
Nz ) kN
- rd _
/60 = | oo F—; qg=08 ';
G
3 3
F, = 18kN
ﬂ}\,‘ F =15kN
30. o M =26 kNm
kN
q=11 F

MapKalHra KyfAunanu Ba MOMEHT MapKAlHd XAMIA KYYHHHT TARCHP YUMIMFH OpXajH
¥TraH TeKMCIHKKa NEPriCeHNHKYNAD XONnAa myHnaH HyHAnaowxH, YHHHT YYHOaH
KaparaHfia, Kyd4 XHCMHH COaT MHIM XADAKAT HyHANHIDNIa Kapama-KapuiH

1.4. ®ajosni Kywnap CHCTEMACH

1.4.1. Ky9Ruar ayKrara RRcGaTan MOMEHTH BEKTODH

fyHanund ainanmapans (1. 15a-pacs).

a7

Kyusmer wykrara HucGaTaH MOMEHTH BEKTOp KaTTamMk G¥nmb, y mMomeHT




1.15a-rasm.
Arap, xy4 x¥innran A Hyxrara, MmomeHT Mapxaid O HyKTanaH ¥rkaswiraH

pagHyC BeKTOPHH f‘neca.lc. HyKTara HHcbaTaH KY4 MOMEHTHHHHI BEKTOpH

Kyiinnarvua udonanananm:
M (F)=FxF. (1.23)
TyHiH, Oy BEXTOP KyTAaiTMAHHHT MO iM:
|FxE| = 7F sin(#*F) = rd (1.29)

ra TeHr 6¥amb, ityHanHwm, sexTopnap anrebpacunan, 7 sa F BEKTOpnap ETraH
TEKHC/THKKA NEPTIiCHIOHKY AP 6¥m6 (1.166-pacm), yHMHT yaunaH xaparasna T Hu F

BEKTOp YycTHra, xuaMx Oypdaxk OpKanmH TYmMHPHID YUYYH, COAT MHUTHHHHT

afinaHmMmnra TeckapH HyHamuna 6ypHI kepaK.

£,

1.16 6-pacwm.
Hemax, #xF kymairrmansmr MORYJTH HyKTara HHcOaTaH KyJUHHMHT MOMEHTHIa

TeHr 66, Hynanmmn M, {f) HyHanwmH 6HNaH yCTMa-yCT TYIIALDH.
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BuHOOapHH, Ky4HHHI HYKTara HHCOaTaH MOMEHTH BEKTOpR, MOMEHT MapKAIHIa
nuchaTan Kyuw KXyifmnraH HYKTAa pagMyc BEeKTOPHMHH Kyd BEKTOpPHTa BEKTOPNH
kymafitmacura TeHr O¥nap Jxas.

1.4.2. Kyaunnr ¥Kxa nacbaras MOMeHTH

F xyununr 2z §Kka HUCGaTaH MOMEHTHHM XHCOGnaliMmul, Bynunr yuyn z Yxxa
NePNEeHINKYAP TEKMCIHMK FTKazamu3 Ba Gy Texucauxxa F KydaHHM NpoeKupaiaiMua,
F KYYHHHF MasKyp TeKMCIMKOArH NpPOeKLMACH f".,, 6unan Oenrmnanann (1.17a-
pacm).

VK Ba TeKHMCTUKHH KECHIIMII HYKTACHHM aHHKNA6, KySHWHT TEXHCIMKIArH
MPOEKLMACHIAH  AHWKJAHTAaH HyKTara HucOaTaH MoOMeHT  XHcoGmaHamm.
Xucobnanran MomeHT F kyuHWHT 3 YKKa HRCBATAH MOMERTHHM vutonanaligu. Arap,

F xyunwnr 3 yxura unc6aran momentuan M, (F)6unan Genrmnacak, y Kyinmarnda
udonananamm:
M F)aM,(F)— 1Fa (1.25)

Hemax, xyunuHr Gupop ¥kka HHcOGATAH MOMeHTH AeD, KyyHMHr my Vkka
NepreHONKYIAD TeKHCIHKAArd MPOeKUHACHHHHT ¥K OunaH TeKHCNHK KecHmraH
HyKTara HuchbataH xpuco6naHraH MOMEHTHra aHTHIAp IKaH.

VYkka HHCGaTaH KyY MOMEHTH CKANAp MuKAopoup. ¥ Myc6GaT Wmopara ara
O¥nany, arapna 2z VKkuHueEr Mycbar ifiyHanmoumaH KaparaHOoa, | Ky9HHHC
TEKHCIIMKAATA NPOEKUMACH XHCMHH COAT MWIMHHHT AANAHMIUHTE TecKapH
AyHanuipa aiaHTHpPHIUTAa MHTHICE, aKC Xonna,yKKa HHcOaTaH Ky4v MOMEHTH

maH(Hil Hwopara 3ra 6¥naan (1. 17a,6-pacmnap).
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ST AR

1.17a-pacm. 1.176-pacm.
Kyununr yxka HucHaTaH MOMEHTH Ky RHAAr1 XoJnap/a HoJira TeHr 6ynanu.
1) F, = 06ynca, suau ky4 yrxa napansen 6¥nca.
2) h =0 6¥nca, TuHH KyMHHHr TaLCHP 4YH3IWFH YKHH kecub yTca — enka
Hojra TeHr 6ynca,
1.17 a,6-pacmpax
M:(F) =2 5p04,8, (1.27)

SKAH/IHMTH MabayM Oy nanm.

1.4.3. XKydT Kys MOMEHTHRHHT BEKTODH

KyT KXy THHHr XHCMTa TARCHPR:
a) xy(hT Ky4 MOMEH THHHHI MOIYJTH,
0) #y (T KyUHHHI TEBCHP TEKHCIHIH,
B) kydT KyuHMHr my TekuchiMkna afamum  Hywammum  Gunax
XapaKTepnaHamH. :
dajona xoiinamrad xydT KyLNapHWHI XHCMIa TabCHPHHHM AHHKTAM YIYH
Ma3Kyp Y4TA OMWIHMHT Xap GupuaW GwiMm 3apyp. Bywmr yuyn wydt xyd
MOMEHTHHH BEKTOp Tapina Hdonanai Kepak.
XKydT Ky® MOMEHTHHHHI BEKTOPH M opxann Genrunanazu.
XKyghnt  Kyu  MOMEHMUNUNZ  BEKMIOPU M xyumunz mavcup mexucnuzuza
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neprenduxynap xonda fiywanean 6ymub, yuunz ywudan xapaneawda, wcydm xy
NCUCMNI Coaml MuRNwWLNZ aiiigmanuza meckapu diynamnnda ailingHmupuuza

unmunadn. (1. I8 a, 6-pacanap).

1_1;1 M i
P ™ /o 21
- /A &+ ]
___,JF' f ‘.r' £ ) 2 i ;
/ ' <8
1.186-pacm. { Wncrusm:

Maskyp BEKTOPHHHI MODYNH Yy DT KyuHH TAIIKWI 3TYBYH Ky4apaaH

GuUpMHHHT Ky(T enxacy y3yHnurura KynadtMacura Teur 6ynanm (1.18a-pacm):
M = My(F,) = Mu(Fy) (1.28)

Azap JKydm Kyunu mysysuu gyvaaprune uxmuépuii O nysmaza Hucbaman
paduyc sexmopiaapunu Za8a 7, opkawu Genzunacax, wcydm xyy MOMeRmuHUHZ
sexmopu Kyiiudazuya ugodananinun MyMxus (Sc-pacs),

#xF + g x(—F) = (Fy — fg)xF (1.29)

T

,":’) Ya g \

\\ p’!
Sl
1.18¢-pacem.

Kyt xyunst YIHHHHAT TABCHP TEKHMCIMTHAA KM YHTa Napawien TeKHCIHKAa
HXTHEDHIT jxofira KYYMPUILAAH, KHCMTa TACHPH ¥arapmacnurt Masmym. IyHuHr
yayH Ky (T KyH MOMEHTHHIHHT BEKTOPH KHCMHHMHT MXTHEPHH HyKTacHra Kyiunumu
mymiu.  BunoGapHH, &ydT Kyu MOMEHTHHHHI BEKTODH 3DKHMH BEKTOp
xucobnanHanu. Arap, wydT Kyd MOMEHTHHHHI BeKTOPH MawtyM Oynca, »ydr
Ky9HHHT )KHCMTa TALCHPHHH AHHK/IAI MY MKHH!

a)ﬁ ra MNepreHANKynsp ¥Txainh, xkydT XyUHMHT TARCHP TEKHMCITHIH

aHHKNaHagM:
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b)M smur iyHammunTa xapab, KydT XyuHMHr aiTasum FYHanMH
Genrmnanany;

¢) M wmr Moyt sy T xya momeHTHHM Hdonanaian.

1.4.4. ®dalegarn xywnap cucreMacHnn Gom BexTopH Ba Gom MoMeHTH

QDajona HxTHEpMIl XofUtamraH Kywiap cHcTeMacH Oom BekTtopuBa Bow
MOMEHTHHMHT MHKOOP Ba HYHAIMIIHHMH AHANMTHK YCYNOa AHHKIAM YHYH
KOOpAHHATanap GomumM kxexTHphm mapxain O vyxkrana onamus (1.19-pacm). i-"i
KYHHHHT koOpOMHaTa yKdapwnars npoekunsanapuar X, Vi, Z, opxanu Genrmnacax,
fapua KywiapHH KOOPAMHATA YKAapHTa npoexumanad, 6ow sextop R* Huur Ox, Oy,
Oz ¥xnapnarn npoexuMsnaps y4yH Kyiinaarn ndonanapra sra 6¥namma;

R;=kEX R, =YY ,R: =3¢ . (1.30)

1.19-pacm.
Bynap opxami Golll BEXTOPHHHT MOJY/M Ba XOOPOMHATA YXnapu GunaH Xocun
kunras Gypuakaap KOCHHYCNapHHH Kyingari GopMyianap acoCHIa AHHK1AMHS:

R* = JEX)+QTY)+(TZ); (1.31)

Rrg) = R

cos(R~#) = =
cos(RAy =%”:, (1.32)
ms[:ﬁ“f) =2

R
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Bow moMmeHT ﬁo HMHI KOOPOHHATA YKNapHaary nmpoexumanapusu M., My, M,

6unaH Genrmnacak, BekTOpnap MWMFMHIHCHHMHT ¥KOAMM TNIPOCKUMACH XAKHIATH
TeopeMara acocaH:

Mx = z(fxp).\'Mx o EM,-(F‘).
M, = Z(FxF), exu M, = T M, (F,), (133)
M, =X (FxF), M, =T M_(F).

Bynap opxanu, GO MOMEHTHHHMHI MMKIOPM Ba HyHamMmu KyHupoaru
tdopmynanap acocHaa aHUKTaHaGH:

M, - J:IEMJ(!",)I. i IEMy(’:'t)]’ 1 IZM‘(FJ]..

(134)
2 A M
cos(M,*%) o
cos(M,*7) = ’—'f . (1.35)

cos(M,*Z) = ’;—:_
Bom MOMEHT M, HHHT KXOODAWHATA VKIADHAATM NPOEKLMSUIAPHHK,
xyfiunardua ammcnam xam mymime M, = 3(y, 2, - z,¥)) , M, = Z(z,X, —- x,Z,),
(1.36) M, = Z(x,Y, —y.X).

1.4.5. ®azona axruépuii XoHNANran Ky9WIap CHCTEMACHAHET MYBOIAHAT
WAPTAAPH

Jdazona MXTHEpPHI XoNaliras Kywnap cHcTeMacH MyBo3aHaTaa Gy HmmM yuyH
Kywiap CHCTeMacHHMHr GOl BEKTOPH Ba HXTHEPHH ONHHIaH KeNTHPHIL MapKa3ura

nuchaTaH Gowr moMeHTH OHp BAKTAA HONra TeHr GYNHIOHN 3apyp Ba eTapin:

§.=0—Huﬁzﬁg(ﬁ)=0. (1.37)
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(1.37) Tenrnuknap dazogarn Kywiap CUCTEMACH MyBO3aHATHHHHI FEOMETPHK
mapTnapHuHH nonanaiiy,

By wapTnapHHHr 38pypJIHTH AUYHOAKH, arap R ea A?G HonpoaH apkaH 6¥nca,
6ynnali xywnap cHcTeMacH myBo3aHataa Gyna onmaiinn, 9yHKH xy¢T xyd Gurra
Ky Ginan MyBolaHatnawmaiinn, Arap, R* = 0, ﬁa # 0 6¥nca, Kyunap cHCTeMacH
6urta wydT xyura, " # 0, M, =0 6ynran xonma sca, kyunap cHCTeMacH
KEATHPHII MapKasura KyimwiraH GHTTa TEHr TAbLCHP JITYBYH KYYra 3KBHBAIEHT
6ynanu. Ypranunran xap MKxana xona XaM Kywiap CHCTEMacH MyBo3aHaTaa Gyna
oamatimy. lywuHr yuyH, dazoenii kyunap cucTemacu MyBosaHaToa GYAHMmK yuyH
B =0, llr_fa = () 6 muuH 3apypHil mapT xcoGnaHanH.

(1) maptnap $aloBHii Kywiap cCHCTEMACH MYBO3AHATHHHHI €TAPAH LWAPTHHH
xam wdopanaiinu. Yynxn, Oy wapmiap Omkapunca, KeaTHMpHMIL MapKasura
KyuMpunrad Gapua Kywiap Ba KyLIWiraH XKyt Kywiap CHCTEMacH MYBOJAHATAA
Gy nagn.

Arap ¢asona HXTHEPHIA XoMAAIITAaH Kywniap CHCTEMaCHHMHT 5ol BEXTOpH Ba
6owt MOMEHTMHHHI AHaNMHTHx wdonanapH R° = m Ba
cos(Rr¥) =2 cos{RAy) = ?5, cos(R*3) = -'f-napnn ssTHGopra  oscax,

azonarit Kyunap CHCTEMACH MyBO3aHATHHHMHI AHAIHTHK WIAPTAAPHHH noganosdn

KyiHIarH TeHrnamanap cCHCTeMacHra 3ra 6ynamus;

Zx,=o;Zv, =o;Zz, =0;

IM, (F)=0,ZM,(F)=0;,TM.(F)=0. (138)

Hemax, ghazoda uxmuépui xcoinawean xywsap cucmemacu amysosanamoa
by yuyn 6apya KyvaapHunz yuma Keopounama Pxiapudazu npoexyuatapunune
6a XoopouHama ygaapunukz yap bupuza Hucbaman MOMERMAGDUHUNZ AAZEODPAUK

fruzunOURapy anoxioa-aroxuia Koa2a rmens GRANKIN 3apyp 6d eMmapu JKaH.
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dazona MXTHEPHH XKOMNAWTaH Kyunap CHCTEMACH MYBO3AHATHHHHT KyiHHnars

XyCYCHit X0/LnapHiH KYpHO 9HKaMu3:

Kyunap cucreMacH

Tabeup 3TyBUH Mygo3aHat
Kyunap CHCTEMACHHMHT TEHTIAMANADH
KYPHHHLIN
1. Bup HykTara
Kyinrax N A
Ky ap "\AM.I.XH : - IF‘IO
cHCTeMacH § of
i o] R IF =0
r.)- k I v
LA H". =0
1. Yuanxxa
e ¥, Lk
Kyitnaras Kywiap . 'f o IF,=0  EM,=0
CHUCTEMacH Lo i IF, =0 LM, =0
1 L '.‘ ‘-... v,
= bt h F =
- L,‘ \ = IF, =0
2.ITapannen
¥, ¥
Kyaiap CHCTEMacH f.n*’;, . TF,0  XM,=0
h’ﬂ.’ jf" LR M
lj :
3.dasona
= 2 = L7 T
HXTHEpPUIT WOHNraH ry )! w i, F. .0 M, = 0
.
Ky4nap CHCTEMAcH & B G IF, s 0 M, =0
¥, Niv IF. u b EM, =D
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1.4.6. ®aizoga Onp HYKTAZR KeCHIDAJHTAH KYU1ap CHCTEMACHHHHT
MYBOIAHATHCA JOHP MACANAJIAPHH e4H YUYH Yeaybnil k¥pcarmanap

Daloga OHp HyKTana KeCHIDYBYH Kywlap CHCTEMAcHHHHI TEHI TabCHD
3TYBUHCH KYWNApHHHT, TALCHP YH3HKNAPH KeCcHIIADMTaH HyKTara Kyiwnaan sa
KyuWlapAaHnapOaH KypwmraH Qasosuit kynbypuakHHHT €mysdH TOMOHHM OpKANH
ndopanaHHnany.

R=% F. (1.39)

TeHr TancHp OTYBYH KYWHHHT ¥KIapars NPOEKLHANApH KYLIMTYBYH
KyWIapHHHI Ma3Kyp YKOard NpoeKkUMANapHHHHr anre0paruil AWFHHOMCHrA TeHT
6ynann.

Re=3 F,. (1.40)
R, -3 F, (1.41)
R;=% F._ (1.42)

Dazona 6Hp HyKTana KecyBuM KywWiap TEHT TALCHP 3TYBYMCHHHHI MMKIODH Ba
fyHanumy Kyinnard dopmysnanap acocHAa ARHHKIAHATH:

R= fR; +R2_R?
(1.43)

3 afy="x. &Y e L =22
os(R A =, cos( A 2) = 85 cos(h ) =2 (1.44)

dajona 6up HyKTana KecHIIyBYH Kywnap CHCTeMacH MyBosaHarda GYmnmu
yayH ynapnad OunaH K¥pHmraH kyunap k¥nbypuary énuk 6¥nuwu nosvm. daszona
OHp HyxTaza KeCHIYBMM Ky4nap CHCTEMACHHHMHI MYBO3@HATAA TEHr TOMOHIAp

KyHunaru xyanapra 6ynagu;
Fu=0; ) Fip=0;
Z . B 4 (1.45)

ZFJMEO:

‘Dajoga OHp HyKTala KeCHLUIYBYH Kynap CHCTEMACHHHMHI MYBO3aHATHTA OOHP
MAcananap CTATHK AHHKIAHTAH OynHmM  yuyH MacanacHoars  HOMabiTyM

KaTTanuKiap (Kywnap) COHH MyBO3aHAT TEHrAaManapu COHHAAH OLIMACITHTH JIO3HM,
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thaiona GHMp HyKTANA KECHINAMMIaH KYWIAp CHCTEMACHHHHI MYBO3aHATHIA
HOMp Macananap KyHumarx TapThdaa eumnagH:

1) MysoszaHaTtna ¥praHWIaéiraH XHCMHHHI Kyuwlap TabCHP 4YH3IHKAApH
KECHIADHIaH HYKTACH aHMKIab ONMHAIH,

2) KyimnraH TamkH Kywsap KypcaTHaaum.

3) Xwucmra Gornammmnap kyfinnrad ©¥nca, yNapHMHT JKHCMIAa TaLCHDH
Gornanumnap peakuys Kyunapu GrnaH anMaluTHpHIany.

4) YKucMHHHI KYWWIraH TAmKd Kyuiap Ba GOFNaHMULIAD PEaKLMA Ky<iapH
TabCHPHIArH MY BO3aHATH YPHATHIADH.

5) Macana cTaTHK AHMKNAHTAH IKAHNHTH TEKIIMPHIAOH.

6) Koopmumara YKnmapn yTKasHnamu.

7) JKMCMHHHT TaBCHP 3TYBYHM KYWNADHHHHT MYBO3aHAT TEHINIAMANADH
Ty3unans.

8) Tysunra My03aHAT TeHrmaManapH €3nG, HOMawTyMKaTTANHKNpP (Kywnap)
AHHKNAHANH.

1.4,7, datoaa Gup HYKTaAa KECHINMANHTAR KYI/IAP CHCTEMACHHHHET
MYBOJAHATHI2 A0HP MACATIATIAD

I-smacana. Orvuprern 180 H. 6¥nras Q woxuu ymnab typys=u AB tpocaaru
xamaa AC pa AD crepixennappard 3¥pHKHULIAD AHHKNAHCHH, AB=170 cu AC=
AD=100 cm. CD=120cum, KC=KD sa CDA yu6ypuak TEKHCIHTH rOpPHIOHTAN
Crepxennap A, C sa J{ HyxTanapaa mapHHp 6unax Gupuxupunras (1.20-pacm)




Eyupi. A HyKTaHHHI MYBO3AHATHHH YpraHamu3. A HyKTara Talikd (J IOKHHHT
OFHPIIHK KYYH TakCHp 3Tanu. A Hykra yayH AB Ttpoc Ba AC, AD ctepxennap
Gornanumuap Xucobnananu. BornaHumnapman GywartMm npHHCHNMTa  kypa
YIAPHUHI' TARCHPHHK A HYKTara KyinnraH GornaHumnap peaxuna Kyunapu Ouhan
anMamTHpaMul. O ok Tascupuna AB Tpoc Ba AC, AD crepsxeHnap uyaunras neb
dapas KHmb, ynapHHHT peaxiius KyurapuHun A HyKTagad TPOC Ba CTep:KeHnap
Oyinab itywarmipassis (1.20 a-pacm).

BypuaknapuHy aHHKnaliMu3:
6)

co 129
horwmem okl L 9
P= d.rcsinuc grcst_ 100 36,86 (.47

AK 80 o
o= arccosﬁ = arccos~—0 =61,92

1.20 a-pacwm. 1 (.59

uynkn AK=AC cosg=80 cm Xocun

6¥nran, dazona TancHp uM3MKIapH Gup

HyKTana KeCHIIATHT aH Kyunap

CHCTEMACHHHHT MYBO3AHAT TEHTIAMANAPHHH

TYIBMH3,

22X, =0 —T; cosa— S cos@ — Sp cos@ =0 (1.49)
LY. =05,sing —S.sinp=0 (1.50)
2Z2.=0—-Q+T; sina=0 (1.51)

Texrnamanapsy eunt, HOMaRIYM KaTTATMKITADHH AHHKTAHMHA,
(1.51) Tenrnamanas:
Q 180
® " sina sin61920

204N

(1.50) renrnamanaH:
Sp=8=8



(1.49) Tenrnamanas:
2Scosp = —T,cosa

Tpcosa  204cos61,92°

S=s°=sc=_2cosqo = T 2 c0s36,86°

—60n

Xscobrammap waTkamapy (0 1ok TancHpuma AC Ba AD cremxeunap
wiaunMacnaH CHKHITTAH SKAHMWTHOaH napak Gepanw.

XKasobnap: Ta=204 H, Sp=Sc=-60 H.

2-macana. Dazosnii depwma 1,2,3,4,5,6 crepxennapnas tyaunrai. P xyu ABCD
THFpH TYpTOYpHak TeKHCIHTHAAIH A TYTYHra TabCcHp KMnamH; GyHOa YHHHT TabCHp
guanr CA meptixan Gunan 45" Gypuak Tawkun xunagy. AEAK=AFBM. Teur
éunu EAK, FBM sa NDB yuGypuaxnapuuur A58 sa [ ywiapuparu Gypuaknap
Tyrpu Oypuax. Arap P=/xH G6ynca, cTepxeHnapoard 3¥pHKHULNADHHHT
KHiiMaTNapH TOMMNCHH,

Ewam. Macananu eunwmna A s8a B TyryHnapHHHT MyBO3aHATHHH ¥praHamH3,

1. A Tyryn. A Tyrynra Beptuxan 6unan 45° Gypuax Tamkmn KMITyBUM Ky
xyinnran. Tyryn yuyH 6ornanvmnap /1,23 crepxennap xucobnananon. YVnapHuHT
TabCHPHHH OOFfaHMmap peaxyusaapy OWnaH anmawTupamui, Oyupga Gapua
CTepKeHNnapHH KyiwiraH P xy4 TtascHpuna uwysunraH fgeb capaz Kunamms.
Koopnuxara ¥xnapunn pacmparmnex HyHanTHpuO, MyBO3aHAT TeHINaManapMHH
TY3aMH3.

XX, =05, c0s45°- 5, cos45° =0 (1.52)

YY, =054 Psind45°=0 (1.53)

$2 =0 —5,5in45% -5, sin45° — Pcos 45° = 0 (1.54)
TenrnamanapHu eyn6, HOMaLAYM KaTTATHKNAPHH aHHKTAHMN3,

(1.53) Tenrnamanan:

2
S; = —Psin45° = —g =—0,707 kN

(1.52) Tenrnamanan:
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5, cos45°
cos 45°
~S$:6in45% — 8, sin45% -~ Pcosas? — o
Gynu 3THGOpra oncak
~25,5in45° = —Pcos 45°
(1.54) Tenrnamagan:
F cos 45 1,0707

=—-———
- RET ] o | q nTnT

0.5kN

1.21 a,6-pacmnap.
1. B 1yryn. B tyrym YUYH XaM CTepxeHTapHM wiaunran ne6 thapaz
KHIIAMH3 Ba MYBO3aHAT TEHITIAMANAPHHH Ty3amus, |
ZX = 05,0545 — 5, cos 45° = @ (1.55)
h A =0-5,4+5,c0545° =0 (1.56)
22, =0 —S;5in 45°— 5, sin 450 —3%s5in458 =0  (1.57)
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Teurnamanapuu eund, HOMALITYM KaTTAIHKIIAPHH aHHKTAHMHT,
'

707

(1.56) Tenrnamapan: S; = :2; =-== —1kN
i e 5;1:0:450 =

(1.55) Tenrnamanan: S, = = Ss

ByHnu 3sTbOpra oncax, (1.57) TeHrnamManaH:

-5, 5in45° — 5,sin45%= 0

Kano6nap:
S, =-05k&N, S, =~05kN,S; = -0,707 kN,S, = —0,5kN, S,
= =0,5kN, 5, = —1kN.

3-macana. Gazopuii KOHCTPYKUMSAHMHT 16 cTepKeHnapHOard 3¥pHKHILNIADHH
annnanr. KoscTpykuusunuur TtyrywnapigaH Owupsra ropuiowtan F=40ku =a
sepTikan G=100xH Kyunap KyHunraH.

Vmamnap: a=12m, B=16M, c=5m, d=5wm.

1,22-pacm,

E=anmu: KoHcTpyxuna A sa B TyryHnapu, macana mwapTHra xipa, MyBO3aHaT
xonatiga G¥nagn. By TyryHnapHHHT Xap OHMpUHH TyryHnapHu xecum ycoiyGu
épaamuna Kecub, CTePREHNAPHMUHT TYTYHAAPTa TABRCHPHHH, YIIAPHH peaxkuHANnapH
O6unan amvamTHpamu3. CTepKeHIapHH KYTHNTan Kywiap TascHpUa 9¥3wiraH ned
thapal KHIaMH3, FLHHM DPEAaKIMs Ky4WIapHHH TYTYHNIApHaH ctepxewnap Oyiinab
HyHanTHpamH3.
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Kouctpyxumana | crepxen xap uxxana TyryHra ynasraH. Yuusr A sa B
TYyTYHNapra peakuHANapHHH TYTyHNapAaH crepxkennap 6ymnab #iwanran f;
3YpHKAI peakipin Kywu Givtad ndonanaiivMua,

A TYryHHWHT MYBO3aHaTHHM VpraHum A TyryHaa 3¥pHKHLIApH HOMabLIyM
6ynran 3 crepxer TanCHp kypcaTtann. A pa B TyrymnapnaH ¥TyBum CTepikeHOarH

SYPHUKHLTHH 3'; opxany Genrmnaguk. Konrad 2 Ta cTepmeHaaru 3¥pHKHALLLTADHH S—z
Ba f_; opkamu Genrwnaiimus. Tyrynnapnas koopauHaTa YKnapuHM ¥TKa3ud,
MYBO3aHAT TEHTJIAMANTADHHH Ty3aMM3:

Rx=3}X,=0 — §ycosy — Syco5a—53 =0
Ry=%Y, =0 —-Sicosf+F=0 (1.58)
Rz=%Z;=0 S, cos@ + Sysinea—G =0

(1.58) Tenrnamanap cucremacHna 3 Ta E; S—z, ?;; HOMABLIYM 3YPHKHILNAD
KaTHamMoKkaa. TeHrnaManapfa KATHAWAETTaH TPHIOHOMETPHK (yHKUMATaPHH

AHMKNATTMH.

=10.640, =0.768

[ c
sina = == COBQ gy

_ b B g a -
msﬁ—ﬁﬁ—ﬂjlﬁ Cosy—m =0537

COS@ = Jmm—y = 0.447
(1.58) — TeHrnamanap CHCTEMaCHHM e4MD, HOMABIYM 3YPHMKHILIAD
KHIiIMaT/IADHHH aHHKJTAAMH3.
F 40
= 55,902 xH

] = s
17 cosf 0,710

G § —S;cos@ 100 — 55.902 » 0.447
o sina 0.640

S3 = —5;c05y — S;cosa = —55.902 » 0.537 — 117.154 = 0.768 = —120 xH

= 117,154 kH

XHcobBnamwnap KOHCTPYKUMANAPHMHT | Ba 2 CTEpPIKEHIApHHH K¥ilHnraH
Ky4inap TakCHpHAa gy3wmaudHbEM  (MycOaT suopa), 3 cTepiKeHHH (A
CHKIITHIIHHH KypcaTMOKOa (MHHYC MIIOpa).

B Tyryn yuyH MyBO3aHaT TeHIlamanapHHH Ty3amu3, B tyrynma 1,4,5,6
cTepmerap xecHwaad. Kyimnran kywnap TascHpHoa Oapua cTepmennap

uyaunanu ne6 dapas KWIMG, ynapaar ypukuumiapun S, , Sy , S5 , Sg peaxunus
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Kyunapu opkany wudhopanaiimmi. B TYryH ywyn MyBo3aHAT TEHraamanapHHH
TY3aMH3;

YX;=0 Sicosy + Sgsinmp =0
Yy, =0 Sicosfl — S, — Sgcosy — Sgsing =0 (1.59)
Yz, =0 —§, cosgp — Sgcos@ =10

(1.59) Tenrmamanap CHCTEMAacHAa  KaTHAWASTTAaH  TPHINOHOMETDHK
(yHKUHANTAPHH aHMKAAFAMMI;

c

siny = -===0923, cosy = J:?‘i_d’ =0.385

i = .._.d_ = = g =
sin@ =TT 0.447 cosd i3 0,894

{1.59) Tenrnamanap cucTeMacHHH edqub, HOMaBIYM 3YPHKHILIAPHH
aHHKIalMH3.

—S5,cosy  —55.902 « 0.537
sinpp 0.894

5 =

= =—325kKH

_ Sycosp _ —55.902 « 0.447
6~ sin@ 0.894

= —2795 kH

84 = Sicosf — Sgcosy — Sgsinf
= 55.902 = 0.716 — 325 * 0.385 + 27.95 * 0.447 = 65 kH

Xucobnawmnap, Kyitunraxs kyuaap TahCHPUOA KOHCTPYKIHAHHMHT 4-CTepkeHH
YY3HIMIOHHY, 5 Ba 6 cTepKeHAPHH 3Ca CHKIIHIIKHA KYPCAaTMOKAA,

1.4.8. Myctakun Gaxapuin yayHs Tanafanapra Tancid YTUISIEran MACANANAP
Tonumpek C 3
Daz0BRill KONCTPYKUHAHHNT CTePXREHIArH 3¥PHKHILIADHE AHHK/TALE

®dazopuii KOHCTPYKUHA depmarmur 1-6 crepxeHNapHard SYpHKHLLIAp

anuKTaHcHH. GepMaHHHT TyTyHJapHiaH GHpHra BepTHKAn G MKKHHYMCMra 3Ca

ropuoHTan F Kyd KyiMaraH KOHCTPYKLMA ¥I4Mamnapd Macaja 4YH3MacHOa

KypcaTH/ITaH,
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Haox:

- Tommumpuk BapHaHTH TanaGanapra ¥KHTYRUH TOMOHHIAH OepinanH.
XHcoGOTHHAT THTYN BAPAFH HIOBANAH ONHHAIMN.

Rapnant |

Rapuasrr 2

amdu UmGae=5nd=43 G=TaH,

¢ LT

a=5%bwd w3 d=1n
G—4xH F-2xH

a=1u -Su.c--tu.d-.'!-u.
G’“‘.’!KI'.L ""llH’. F-om_
Bapnast 3 Bapnaur 4

am7 v h=dw e
Gu6yH F=43F

Bapiam 8

el 'y =

a=2ub=3sMc=4md=3M
Gu=8yxH FmigH

Bapnani 0

L

a-4x b=6xc=-58d-3 5
G=OoaH, F=3H

am= Sy be=dxcm3nd=1xn
GmBxH FmdxH

Bapaaut 7 ) Bapoamr 8
[ .
‘f".’/ k% ;‘
. ,ﬁf
P TP B Lo

a= T b=GM ¢c= 5y d=3 M
e fEkH F=3ixH




[Bapuant 9

a-:u.b-.’rx.c-.du.d-zu.
G=9rH. F=8xH

a=4u b=6Mc=5md=3m
G=§xH F=T7xH

Bapnaur 11

G=2xH F=1xH

Fla=3ub=dmc=3nd=2Nn

Bapuaur 12

lG

g

e e

G=7xH F=1gH

[ Bapnant 13

a=24b=3Mc=4nd4=3N
G=4gH. F=2xH

Bapwanr 14

dese BT

a=6M b=5y c=4nd=2n
G=8xH. F=8sH

Bapnanur 15

a=3nb=dMmec=3d=1n

Bapnanr 16 .
_ |G
X

]

. D—
T S —

a=Twb=0Mc=5xwd=4xn

G=7xH F=4xH

G=12xH, F=2xH
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Bapnant 17

a-4ub-:6u.“a:-5u,d-4n.
G=11xH, F=2xH

ﬁnplmm‘ 18

a-?u b-6\1-..c--.-m>ud-4u
G=0xH F=1xH

Bapnant 19

a-6u.b-3u.c-4u.d=--u
G=13xH F=2xH

Bapuanr 20

a=35Mb=d4 M c=3yd=1xn
G=8xH F=8xH.

Bapuaur 21

a=3Mb=d4ymc=33d=1]ax
G=8sH F=8xH

Bapnaur 22

a=2uMb=3 v c=4nmd=2um
G=7xH F=1xH

Bapoaur 23

SRR

3’4!{.b';6}l.¢=}}l,d"3u,
G=11xH F=2xH

BapuanT 24

a=7Mb=06Mc=3Md=3x
G=9xH F=8xH.
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1.4.9. @ajona uxTHipHA ROANAIITAR KYSAAP CHCTEMACHHHAT MYBOIAHATHIA
OOHD MACAIATAPHH eHIl YUYH Yoy buit Ky pecaTmanap

dazona wxTHEpHil xofiNalrad Xy4nap CHCTEMACHHHHT MYBO3AHATHTA AOHD
MacananapHu Kyimnars TapTmbaa euMi TaBCHA ITHIaNH,

1) Myso3anaTi ypranunagiraH xucM (ExH HyKTa) aHHKNI2HANMW,

2) KoopaHHaTanap cacTeMacy TaHnab onuHany;

3) XKwucmra rabcHp 3TaéTraH, GepriTaH Kywiap kypcarTniamm,

4) Kucmun SornavHmnapnaH 6ywatv®, ynapHMHr Tascupnape GoFmaHHm
peaKLHA KywiapHn OunaH anMamTHpHITARM,

5) MyBo3aHaTH ypranunaétraH »kHcm OepunraH xyunap Ba GornaHMiunap
peakums Ky'unapH TARCHDHIArH IpKHH *ucM el kapananm;

6)Bepwirad Macana CTATHK aHHK Macana 3KaHINIH TEKUIHpHIAOM, SHHH
Macananary anreQpamx HOMAEBLJYM KXATTAMHKAAD COHW OMTHTaNaH OLIMACIHIH
N03HM.

H3ox: arap KATTHK XHCMTa TabCHP 3TyBuHM Kywiap (asofa KecHIyB4H ExH
thasonary napannen Kyunap CHCTEMACHHH TALIKWN 3TCA, MACANANATH HOMaBITYM
anreGpaHK KaTTAMMKIAP COHH Y9TANAH OLIMAaCNHIH JIO3ZHM.

7) Koopauxara YKnapuHUHT HyHanMIUIapH TaHIad ommMHanm.

8) Karmuk xucmra kyfiwimrad ¢asoma vxrnépuii  moiamrad  Kyunap
CHCTEMAaCH YYYH ONITHTA MYBO3AHAT TeHrJamanapu Tysunamu. bynpa
TEHrNAMANAPHHAHT OHPHHYH YYTACH MPOEKLHANAD, OXHWPrH YYTacH MOMEHTJap
Tenrnamanapu aeiinnany. Ilpoexumssiap TewrnamanapH Kywiap cuctemach Gow
BEKTOPHHHHT MOMEHTNAP TEHTTIAMATIAPH 3Ca KY4nap CHCTEMacH 00 MOMEHTHHHHT
HONra TeHr 6¥AHIHHY TAbMHHIAROH.

Hiox: Arap KaTTHK JKHCMra TAbCHD DTYBUYH Ky4iap (a3ona kecHuryB4YM &KH
¢asomars napamnen Kywiap CHCTEMACHHH TAalIKHJ 3TCA, YJIAPHHHT MYBO3aHATHHH

nogaNoBYH YUTANaH TEHTIAMANAP Ty 3HITaOH.
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9) Tysunran MyBO3aHaT - TEHIJIAMANapHHH e4H, HOMabLiyM KATTANMKIap

L]

AHHKJIAHATH. *

1.4.10. drajona nxTHEpRE XoiLNAIIran Ky9N1ap CHCTEMACHHHAT MYBOIAHATHIR
AOHP MACA/IANAP

I-macana. AB afinannm  ¥xH BepTHKan OynraH T¥rpH OypvyakiaW JIWHK
CAD=60" Gypuaxka owwirad, YHH ury BasusTAa WKKH apkoH ymna6 Typagu:
ynapoad Gups — CD apxoH Gs10Kk08H ¥TxasunraH 6ymb, yuu P=320 H. ok Toptab
typany, wxxuH=iicH EF apxon nommmur F uyxracura BorFnawrad. JMMHKHHHT
orupnurn 640 H, yHuHT 3Hn AD=AC=18 a.; Gananmnurun AB=2,4 s, Bnoknarn
HKanawmmun xpcobra onmad, EF apkomHunr Toprmnmm kyww I xampa A
HYKTaOarH LUTHHOPHK IApHHPHHAHT Ba B HyKTagarv noANSTHHKHHHT peaKkLHAnapH
AHMKTTAHCHH.

Euum.

DMHKHHHT MYBO3AHATHHHM ypraHamui., Yura P=320 H 6G¥nran wx Xampa
3IHK OFHPIHK KyHu G'ra‘hcup stann. Jwux yuyn CD, EF apxounap, A HyKTagaru
UKWIHHAPMK MApHHp Ba B HyKTanarn nNOANATHHK GOFnaHMiLnap XucobnaHamm.
Bornauumnapnas Guanmn MpHHUMNNra  xypa, GOFNaHMIUNApHMHT 3LUMKKA
TabLCHPHHH OOFNAaHHMIIAP peakuHs KyunapH OGHnaH anMam THpaMKs,

- CD apxownaru Tapaurnvk kydH I, =P 6ynu6, y swmknuur C myxracura
k¥iinnann sa CD apkon 6¥iinab ityHanaou;

- EF apkoH TapaHrnHk ky4H 7, JmHK 3 HyKracura Kyimnanu Ba EF apkoH
Oyiinab HyHananu;

= A YHWNHHOPHK IUADHHD PEAKUMACHHHHI HYHAIHINH OJOHHOAH HOMEBJIYM
OynramTHIH Y9YH YHH KOOpAMHaTa ¥xnapuHuHr wmycbar #yHanumu 6¥inad

fiynanran X,, ¥, vamxun sTyBuMnapra axpaTaMma;
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- B NoOnATHHMK peaKUMACHHHHT ITYHADMIIH XAM OJOMHAAH HOMZL.IYM
6¥nrawnmry yuyH yHM KoopOuHata VinapumuuHr wmycGar Wymanwwm Gfiianab
iHanran X,. V,. Z, Tawknn sTysunnapra apaTamus.

Haruxana »>luMkka TancHp Kunyeun (azona MxXTHEpuHA  &olinawran
. 6. 7,, ®,. 7, X,.Y,, Z,)xyunap cuctemacura Ira G¥namus.

Koopaxuata ywrapuuw pacmaarugex yTkasnb, xocun 6fnraH xywnap

CHCTEMACHHHHT MYBO3aHAT TCHITaMaANapDHHH TY32aMH3:

> X =0 X,+X,—P-cos30°=0, m
>Y, =0 Y, +Y,~T,+P-cos60" =0, 2)
2.2=0 Z,-G=0. )
M (F)=0 ~Y,.AB—P-cos60°-AB—G-BK =0, )
> M,(F)=0 X,-AB—P.cos30°-AB+G-KL =0, )
DM, (F)=0 -T,-BF+P-AN=0. ©)

Texrnamanapaary HOMABIYM Maco(anapHu aHHKNAHMH3:
ABEF dan BF =BE sin60" =

V3 .
= I.S-T= 1.8-0.86 = 1.36m.

ABKL dan BK =BL-cus60® =
=09-L-045m.
2

KL =BL -sin60" =09-036=0,77m.

A4DN dan AN = AD-sin60’ =
=18-0.86=156m.

Tonuwarad HOMakAymM Macodanappas
doiiganaunb, TeHTMAMANAPNATH HOMAahIYM

KATTATHRIADHH 8HHKAAIMUS;
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(3) TeHrnamanaH: ik
Z, =G=640N

(4) Tenrnamanan:

—P-cos 60°-AB -G BK _
Y, = T3 =
_=320-12-640-045 _ o0

24

(1)  Tewrnamazan:

o - - -— -
_Pro0s30°-AB-G-KL _320-086-24-640-077 _ o,
AB 24

X,

(1)  Tenrnamanam:
X, =P-cos30° - X, =320.0,86—69 = 208N,
(2) TEHTNaMAanaH:

i =15
7. PAN _320:156 _ 50
L56

f BF

(2) TeHTTIaManaH;

Y, =T, —P-cos60° =Y, =320—320-%+2au=m;v.

HKanobnap
X, ,=699N; X, =208N; ¥, ==280N; ¥, =440N;T, =320N:;Z, =G40N.



I-macana. KoHCTpY KUMSIHMI TRSHY PEAKLIMSUTADH AHMKIAHCHH,

f:"“"’"" i | Bepunran:
b a SR
R W i G=4KH
" a=40cm
B =20 cMm,
c=20cm.
Enqwun. KOHCTpYKLHSAHHHT
MYBO3aHATHHH ypraHaMms.

YHra TabcHp 3TYBYH TAWKH Ky'WIapHH
K¥pcatamus: (G— QFHPIHK KYYH.
Konctpykupanu Gornasmiunapnay 03on
3THO, YIapHHHT TabCHPHHH
fornaHnuap  peakuwsnapH  OmnnmaH
anmamTupamMui: A KiaranMmac mwapHHp
peakuHACHHH
i':, E' TAalWKna STyB4umnapra, B
K¥3ranMac [WAapHHP PpeaKuMAIapHHK
X, E' TAIKWE  3TyBYHN2pra
axparamHs. CD Hn peakimacyH E HI
6¥iina6 D Hykra ToMOH HyHATAmH.
(....a-pacM xocHn O¥nran dazona
MXTHEPHH sxkofinamran Kywiap
cHCTEMAcH YHYH MYBO3AHAT
TEHTNIAMANAPHHH Ty3aMH3,
IMys# TaskHANAl JO3HMKH MYBO3aHAT
’ F . TeHTJamanapHiaH KOOpOHHATa

A p1
1 yxaapHra Hucbaran MOMEHTJIAp
xl

TEHTNAMANAPMHH Ty3umOa KyHugary
KOHOAnapra aMan KHIaMH3.
1. MomenT-TeHTIAMaCHHH

TYSHIAAHraH YKKA  TIepneHguxynsp

TEKHCITHK JTKa3IamM3.
2. Xocun 6¥nrai Tekncnukka Gapua

X
Ky41apHH [IPOeKLMAAANMHM3,
3. VK Ba TeKHCIHK KECHIIraH HyKTAHH AHHK/IATIMH3.

r‘ F
L, 30
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4. AHWKnaran HykTara HucaTtaH Kywnap.
XucobnaHraH MOMeHT Taxnab oNnHHraH yxka HHCOATAH MOMEHT TEHrNIAMACHHH

ndoganaiian.
IMyHHHr yuyH .....06-pacm A, ¥Kkura HucGaTaH MOMEHTAap TeHrMaMacHHH
TY3HII Y4yH, ......C-pacM Ay .....pm-pacm A, ¥xura HucDaTtaH MOMeHTHap

TEHrAAMACHHH TY3HII YUYH YH3IHWITAH.
Yuiunrad pacmaapAaH TPOEKIMANAP TeHTnaManapH BeBocHTa TyIvnagH.
Macanara TaarayknM O¥araH Kywiap cHCTEMacH Y4YyH HOKopHaa GaéH

KHIMHTaHnapHH 3bTHOOpra 0HG, MyBO3aHAT TEHrNAMANAPHHH TY3aMH3:

[6)) ZM, (F)=0-G (52) + Zg-a+ Tep COS60°(a+b) =0
(2 IM, (F)=06-5-T,c0560°-C=0
'©) TM, (F)=0~Xp-a+ Tep COS30% (a+b)=0
@ TX =0 Xs +Xg — Tep COS30° =0
(5) ZYi=0 0=0
(6) $2;=0 Z44+2Z3—GC + Tep COS60° =0
MyB0o3aHAT TCHIaMANapHHK edHD, HOMABIIYM KATTANMHKIAPHH aHAKIAAMH:;
(2) Tenrnamanpas:

_6f __ 6 _

Ceoc6® ~ 2-05 4 KH.

(1) Tenrnamanan:

Tep =

at+h
7. S5G ) Te coc80%(a+b) _ 4.30-4-0.5-60 _ 120-120 _
g = = = =

a 40 40

0
(3) Tenraamanau:
X. = Tcocos(a+d) _ 408760
B a T
{4) Tenrnamanan:

Xq = Tepcos30° — X, =4-0,87 —5,22 = —1,74 KH.
(6) Tewrnamanan :
Zy=6G—2Zg~ Tpcos60° =4—-0—4-05=2KH.
Macanana tanab aTHnran 6ap4a karranukiap aHHKIaHOH,

= 5,22 KH.
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1.4.11. Mycraxmn Yypranuim y9yn Tanafanapra TapcHs 3THAAAATAH
mMacananap
Tonumpng, C-4
Pajoaa HXTHEpUH XKoHNAMINrAH KyWIap CHCTEMAaCH TALCHPHAATH
KOHCTPYKIMHEHHHI TASHY PeAKUHMILIAPHHH AHHK/TAI

KOHCTPYKUMAHHHT TasHu peakuMalnapH aHHKIaHCcHH, KOHCTPYKUMAHHHT
cxemanapu, xucobnam yayH KepakiH Mab/IyMOTNap TOMIUHPHWK BapHaHTAapHIA
K¥pCcaTHAraH.

Hazox:

- TOMUWPHK BaPHAHTH Tanabanapra YKHTYBYH TOMOHHAAH Gepunaan.

= xucobOT TUTY/ Bapard HOBara acocaH pacMHANALUTHPHITALH.

Bapoanr 1

omdInbmiucmiw, ADmdN,
G= dxH, F= IxH.

Bapmanmt 2

A= b=BMc=1K AD= 4N,
G= 3xH, F= 2:H.

Bapoaer 3

amIubmiuceldu AD=dun
G= 5kH, F= JuH.

3

Bapoant 4

a=2uw bbb, e=du AD=3 N,
G= 6eH, F= duH.

Bapnanrt §

asdwb=12uc=5u ADwfu
C= 6kH, Fa 5xH.

Bapmant 6

amdub=12ncolu ADubéw,
G= TxH, F= 6xH.




o=Gub=10uc=4du, AD=5wu,
Ge= BxH, F= 7xH.

a=6mb=10Mc=4u AD=5n,
G= |4z, F= 8<H

Bapnagry 9

A=W bw i rewdw ADuSn,
G'= IIxH, F= 9xH.

Bapoasr 10

ea=m3u b=Ru cm3Iu AD=4u,
Ga 14xH, F= 10xH.

Bapnaar 11

a=4ubm12y cm8u Gn I6kH,
| F= l1xH.

Bapnant 12
5rA

B/ /’n
N i i _-ﬁ b
] 1 I ]
[ T — S R |

-~ 7 ;
W e L
NS S

a=5Mbm8wncm3n G=16xH,
F=12xH.

Bapuaur 13

=M I=10M cmdu, AD=5u,
G= 18kH, F= 13xH.

Bapnasr 14

amIimbmBu cmIn AD=4u,
Ga= 18xH, F= 14sH.

= Car——

= '




a=4mb=12u,e=5u, AD=6 N,
G= 19xH, F= |5xH

Bapnoasar 16

am6Nbu il cumdn, AD=b u,
Ge 22kH, F= [BxH.

Bapuaar 17

a=5Mb=BMc=3M AD=4nm,
G=19%H, F= 17xH.

Bapoanmr 18

a=5ub=8u c=3u Cw 2]lxH,
F= 18kH.

BapnaaT 19

a=m4du b=12u, c=0u, G= 21lxH,
|__F'= JOgH_

Bapaamr 20

am3uM b=l cmBu AD=4dn,
Gw= 2)kH, F= 20xH.

Bapuanr 21

a= T, b=l c~5K, AD =8 K,
G= 23xH, F= 21xH.

Bapnaar 22

."'. y it 3
L% |
a=S5u bmBu,cmiun ADmdwu,
Gw 26xH. F= 22xH.




BapwanrT 23

3FA
B/
[]

= = -
o
]
]
L
i
t
1
]
L

a=3Mb=8u.c=3n AD =4\,
C= 28kH, F= 23xkH.

Bapnansr 24

a=6Nb=10Mc=4u AD=5W,
G= 25kH, F= 294H.

Bapnagx 25 )
wa 7 ¥
/. D g/,
- I R
e ooa—)
L A S A

a=06ub=10Mc=4dN4 AD=5Nu,
G= 27xH. F= 25ull.

BapnanT 26
LA

a=Tub=12McuS5un AD=G6N,
(r= 2TkH. Fa 26kH.

Bapnarr 27

a=4mb=12u, c=5u, G= 29%H,
F=27xH.

Bapnasr 28

a=4d N0I=12u ¢=5u G= 3lkH,
F=128xH.

BapnarTr 29

a=4u.b=12u c=S5u, AD=§6u,

BappasT 30

- V¥ %4 D
i 3/

a=2Mb=8Bmc=4 M AD=3n,

G'= 35kH, F= 29xH.
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Il. Kunemaruka

2.1. Hyxra xnuemaTukacn. Hyxkranunr mypaxxa6 xapaxaTn

Arap monamit HyKTa OMp BaXTOA HKKH Ba YHOAH OPTHK XApaKaTjiapia KATHauIca,
&KH YHHHT XapaxaTH OMp BakTHHMHI ¥3HOa HKKH KY3ranMmac Ba KY3ramyByaH CaHOK
cHcTemanapura HucBaTaH {pramMnca, MoOOoMH WyKTaHwHr GyHmaii xapaxat
Mypakka0 xapakaT gOedmnand. Byspail xapakatra, xapakaToa Oyaras noean
BaroHHAArH HyNOBYHHHHI BArOH HYHIArH XapakaTtd mucon 6¥na onanu. HykTauuur
mMypaxka® xapakaTiaa abcosor, HHcOHMEI Ba kKjumpma XapaxarnapHn Gapx xuwna
onuu 3apyp 6¥nams,

AfcomoT xapaxar meb, MommHi HYKTAHHHT Ky3ranMac caHoK CHCTeMacHTa
Hucbatan xapaxarura afimunagH. Bynnait xapakatgard TeanMk abcomoT TeITHK,

TewlaHHII 3ca abcomoT TeanaHWw Oeimnagy. Anabuétnapna abcosOT TEWHK E',
abconoT TeananHm @, opkanu ndoganaHamm.

Hicbhnit xapaxar med, MonaMit HYKTRHHMHT KY3FATyBYaH CAaHOK CHCTEMACHIR
#ncbatan xapakatura afmunagn. ByHnmall xapaxatparn Teamux mucGHil TeamHk,

—

TesnaHHIl 3ca HucOHi Tewnammw neimnand. Apnabuértnappa HHcOMH Teanux Vg,
HUCOKH TeanaHnw @, opkanu ndoaananany.

K¥unpma xapakat ne6, xapaxaToard sHcM (MACANAH Moe3n BaroHw Ba y GinaH
GormaHTan KyaraayBuaH CaHOK CHCTEMACHHH KYJFAIMac CaHoK CHCTEMACHTA
uucbaTaH xapakatura afitinagy. ByHpail Xapakatgard Teamvk kyuupMa TelmMK,
TEINaHHII 3Ca Kyuyupma TeanaHHn pdeifmnagu. Kjuupma TeanHx Ba xyuHpma
TEINaHHKIN, KapanaéTradH BaKT MOMEHTHH, Ky3FamyBuaH CAHOK CHCTEMACHHH Ba Y
Onnan GornaHraH >KMCMHH Xapakatga O¥nraH HykTa GWiaH YCTMa-ycT TYWyB4YH
HYKTACHHHHT Teanurd Ba Ttewianmuk xabu aHuknaHagn. Kygupma Teammx F.:,
KYMHPMAa Te3NaHMll @, OPKANH OelrHnanagH.

HyKTaHuHr Mypakkal XapakaTHHH YpraHumga KY3ramyBuaH CaHOK CHCTEMACH
Ba y Ounan GoFnaHraH ;KHCMHHHI KY3FAIMac CaHOK cHCTeMacHra HHcbaTaH xanpai
Xapaxataa O¥nMmm mMyxum axamusartra sra Gynagu. ByHma K¥3ranyBHaH CaHOK
cHCTEMacH Ba y Ounan OoFnaHraH XHCMHH KF3FANMAac CaHOK CHCTEMACHIA
HHcbaTaH AnrapHnama Ba €KH wirapHnama GynMaran XapaxaTnapMHH (apx KHiHL
NO3HM.

l.  Xapakarmar# MOAOMA HyKTa YYyH KyuHpMa XapakaT HIrapuiaHma

XapaxaT 6¥nraH xon.
ByHgait xonma HyKTaHMHT aGCcomOT TelnHrH HMcOMIA ma KygHpMa XApaKaT
TETHIJIAPHHHHS reOMETPHK HHFHHIHCHTA TeHr 6¥naan:

&7



Vi=Vi+V, (21)

(2.1) ndoaa mypakkab xapaxaTga G¥araf HYKTa yuyH TEINHKIApHHU KYOHW
TeopeMacHHH Hpoaanaiam.

MononHii HyKTa y4yH KYunpMma XapakaT warapunaHma xXapakar G¥nraH xonna
HYKTaHUHT abCoMIiOT TEINaHHMH HHCOMH Ba KyUHpMa XapakaT TewlaHHITapHHITHT
reoMeTpHK HHFHHONCHTA TeHr 6ynanwy.

=T +5 (22)
(2.2) wdona wmypakka® xapakatna OysnraH MoOOHA HYKTR Y9YH
Te3NaHHLWMaPHH KY1IHI TeopeMaciHi nonanafinn.
2. XapaxkaToard MOIUTHH HYKTa YUYYH KyuHpMa XApDAKAT, HArapMnaHMa XapaxkaT
bimmaran xon.
Bynnaii xonna Xam HYKTaHHHT abCOMIOT TEMIrH YHMHT HHcOuA Ba KyuHpMa
TEIMMKNADHHHHT FEOMETPHK HHMFHHIHCHTA TEHT OV Ianu;
L=V +V, (23)
(2.3) ndona mypaxxal xapaxaToa 6¥nraH HykTa y49yH TEITHKIADHH KyTUHIN
TeopemacHHH Hiponanaiiny.

IIyuu tawkugmam gozmmks (2.2) sa (2.3) HbODANAPHHHT CTPYKTYpAnapH
6up xun O¥mHWNHra KapamacOaH, MOAAMI HYKTa YUyH KyuHpMa XapakaT
HnrapHmaHMa xapakar G6ymmaran xonfa, xyuHMpMa TEIIMK CTPYKTypacH KyuupMa
XApaKaT HnrapHiaHMa xXapakart 6¥nrad xonnarupas ¢apk KHIagH,

Monanit HyKTa y4yH ky9upMa XapakaTH wirapuwiaHMa XapakaTt 6ymmara
X0NOa HyKTaHMHr abcosmoT TewmmaHHmH HMcOuii, xyuMpma Ba Kopreonmc
Te3NaHHLINAPHHUHI FeOMeTPHK HUFHHOUCHAaH nbopar G¥aanmn:

ENEE S 5 24

(2.4) ndona xK¥unpma xapakaTti HWArapnianma xapakart G¥nmaran Moo HykTa
YYYH Te3IaHHIINAPHH KYWHL TeopeMacHiH hoganaioH.

KopHOMHC TeanaHHIM HyKTAHHHI HUCOHH XapakaTHaa KyuupMa TeMTHKHH XaM
MHKICP Ba XaM HVHAIHID KHXAaTHAAH, KYYHMpMa XapaxkaTna HHcOHA TeamkHH (akat
iyHanHI XUXATAAH Y3rapHn Tydaiind 1o3ara kenanu,

Kopnonuc TeanaHHIMHHUHT BEXTOPH KyFiHOaruua uoganaHanu;

3 = 2(@y X V) (2.5)

KopHonHC TEWAHWIIMHHHT MOGYJIH 3ca  Kyiugarn dopMmyna  acocwua
aHHKJTaHAIgH.

a,= 2a U, sin(w, AV,) (2.6)
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Kopuonuc Teananmun Kyingary Xonnapaa Honra TeHr 6§ namm:

a) mypakxab xapaxaTnary HYKTa YYYH KyMHPMa XapaxkaT HIrapHiaAMa Xapaxkat
O¥nran xonga seHH @, = 0 6¥nranma.

6) mypakkab xapakaToaru HyxTa HHCOHIT XapakaTna KaTHawrasna, #eHd ¥, = 0
O¥nrampna.

B) Mypakka XapaxkaTmarn HyKTa yUyH G Ba @, BekTopnap ¥3apo mapamten
Gynraupa, seHH HYKTAHMHT HYcOuMit xapaxaTy alinanum Yxu 6¥#nab o3 6epranna.

Kopuonuc TeiaHMWHMHHHT A¥Hanuie (W * @p ) BEKTOP KYTIAHTMAHHMHT
#yHanmmuHU ndoaanoeyl BeKTOp HyHanHIIH KabH aHHKTaHAOH.

KopuonHc TeinaHWITHHHHT AVHATHIIMHH aHHKNawwOa Kyxorcxuil XoHmacHmaH
doiinanany xam MyMkHH. Ma3kyp Konmara acocaH KopHonuc TeananmuiMHHHIT
AYHATHMOMHH  aHHK7Am  y9yH HHCOMH Teamuk BeKTOpHHM  aiilaHBm  yxura
NepricHAMKYnaAp 6¥nraH TekucnMxka npoexumanab, xocun O¥nraH mpoexumAHKH
KHCMHHHT afinanum TomoHura 907 ra Gypum noamm.

2.1.1. Mopanii nRyxTannsr Mypakkal XapakaTHaa HyKTAHHHT aBCo/moT TeIIRK
BEA A0COMIOT TeIJIAHHILHHH AHHKIALUNA AOHP MACATIATAPHH €9HIL YaYH
yenybmii kypeaTmanap

Hyxranuur Mmypakkal xapaxatHaa abconioT TeIMHriHM AHHKNIAINTA OOHD
MacananapHi Kyhnoary Taptubna equin TABCHA 3 THIANHM:

1. Macana wapTura xypa HyKTaHMHI HHCOWH, xjuumpma Ba abcamoT
XapaxkaT/lapH aHHKJTaHaaw,

2. Kyaranmac Ba Ky3rayBuaH CaHOK CHCTemanapH Tannal onuHany;

3. Kijuupma xapaxkaT XaéjiaH TYXTaTHIaOM Ba HYKTAHHHr HucOuii xapaxat
TEINHIH AHHIJIAHATH,

4. HucOuit xapaxaT xaénaH TYXTaTHAaIM Ba HYKTAHMHI XKyUMpMa Xapakat
TEUTHrH aHHKNAaHAH,

5. MypakkaG xapakaToa HYKTAHMHT TEWIMIOIADHHM KJIUMIN  XaKHIArH
TeopemanaH doiinanaHnt, HYKTAHHHr abcoMOT TEAMHIH AHHKIaAHANH,

Mypaxkab xapakataa kyuHpMa XapakaT wirapunaHMa XapakargaH nGopar
b¥nca, HyxTaHMHT abcamoT TeamarrmuM HHUCOMH Ba KyUHPMa TeANAHHIIADHHHHT
reoMeTpHK HHFHHAHCHAAH HbopaT 6y namH.

d, = dp +dy )
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exn
d, = d* +al +dap + daj. 2
By udonana:
dl va @} - uykrauMHr HucOMil XapaxaTMoa MapkKaira HMHTWAMA Ba aiinaHMa
TeaNaHHLIAp.

dX va df — xjaMpMa XapaxaTaa HYKTAHHHF HOPMan Ba YPHHMA TEIAHILIAPH.

Arap mypakkab xapakaTaa HyKTAHHHT HHCOMi Ba xjunpMa XapaKkaTnapH
TYTPH YN3HKNH XapakaTiapaaH nbopat G¥nca, HyKTaHHHT HHCOMI Mapkaira
HMHTWIMA Ba Ky4YHpMa HODMAN TeanaHHILIap HOAra TeHr Oynanu.

Arap mypakxab xapaxartna HyKTaHmHT HHcGHIT Ba Kiunpma xapakaTtinapHi
IrPA YHIHIIH TEKNC Xapakatnapaad wbopat 6¥nca, HyKTaHHHT HHcORi afinaHMa B2
KyuHpMa yPHHMA Te3naHNUUTApH HOra TeHr 6¥namn,

Mas3yTa JoMp MAacaNasapHH MKKH YCYJU1a €9MII TABCHA 3THAaRH: TEOMETPHK
Ba aHATHTHK YCYyJuUiap.

a) MacananapHu reoMeTpHK ycynaa eqHnaa TaHIaHTaH Macmtabna
TeamaHHILAap NapaAUIeNiorpam Eku kT Gypuyari Yu3HnanH.

MacananapHi AHATHTHK YCY/UIa eYHIAA IPOEKUMANAD METONHAAH
doftnanaHn TABCHA ITHIAOH. ByHHHT yuyH koopauHaTa Yinapn ¥Tkasnnany sa
(2) Tenrnamanm yan Ba YHT TOMOHNAPH TaHNa6 GIMHrAaH KOODAMHATA YKIapHra
MpoeKLMANaHAOH:

(@a)x = (an)x + (@h)x + (ai)x + (ak)x,

(an)y = (an")y + (a;)y + (aic‘)y + (ai)y-

(@a)z = (af)z + (a7)z + (ai)z + (@)
Byrna aGcomoT TeANaHHIIHHHT MOOY N

a, = j(aa)a + ()2 + (ag)?

thopmyna Epnavmaa, HyHammH 3ca

cos(d, x) = —{‘:‘J* A
(]



cos(d,y) = u—")l

(an)z

cos(d,"2z) = =
a

dopMynanap acocHAa aHHKTaHATM.

Mag3yra moup macananapHH KyAHpard Tapthbha eusin Makcanra MysodHK

6 nagn.

1.

Macana wapTinas HyKTaHMHC HHCOHH, xiampma Ba abcomoT XapakatiapH
aHHKNab onvHanK;
Kiyaranmac Ba Ky3arasysuaH KOOPOMHATA YKNapH CHCTEMACH TaHnab onwHanw,

. Ki/uupma xapakaT xaénaH TyxTaTWiHO, HYKTAHMHT HHCOMH TE3NMIr# Ba

HHUCOHMH TeanaHHmIM aniKnab onHHaoy;
Hucbuit xapakaT xaénaH TYXTaTINTHO, HYKTAHHHET KVMHPMa XapakaT TeUTHrH
Ba TeMAHHILH AHUKNA0 OJIHHALH;

. MacanaHu reoMeTpHK ycy/ma euMILNa TeANaHHILNAp MNapauienorpaMm ExH

Ky Gypuaryt YHIHNazAH Ba yNapaaH HOMABLIYM TEIMaHHLI AHHKIAHANH;
Macanasi aHAMUTHK YCyJOa eYHIINa NpoeKuManap ycy/iMaaH dofmanaHMin
TaBCcHA ITHWIAagH AHM abCOMIOT TeanaHMIIHHHT ¥Kiapoard NpPOEKUMAJIapH
AHMKJTAHAOH,

ABcomoT TeWaHHIHHHT YKIapOard NpOeKUHANAapHTa KYpa YHHHI MOOYJH
Ba HYHaNMIIM TOMMAANH.

2.1.2. Moaanii HYKTaHHHT MY pakkal XapakaTnaa, KY9upma xapakar

RArapHnanma xapaxkart 6¥araH X0 y4yH, HYKTaRHAT abco/moT Te3nHK Ba

TeIJIAHHIITHHH AHHUKTALNOA AOHPp MACANTA

1-macana. YHr TomoHra ropuionTan ifyHamwaa X = t? + 4t m. xoHyHTa

MYBO(HK XapaxaT KITYyBYH apasadara 3/eKTp MOTOPH YpHaTwiTan. YHHHT poTopH
XApaxaTra KeNnTHpHII BAKTHAA (P, = L TeHrnamara MyBodHk afnanany, 6yHaa @,

Gypuax panuammapaa ymuanand. Potop rapowmmimarn M wyxramwmar €= ls

Gynranparn abconoT Teandrd Ba abco/HOT TexmaHHMmIM AaHHKNAHCHH. PoTopHHHC

paauycu 0,2m.ra Teur. Oy naftna M uykTa pacmia xypcatwiraH Xonoa TyYpPanH
(2.1-pacm).

n



Eynu:

Pacmaa kypcanwmad AfnR jhnap cucTeMacH K¥3ranmMac C2ZHOK CHCTEMACHHH,
apasaua Gunan GornauraH Ba y Gwian Gupra xapakamauysun Oxy yxnap
CHCTEeMACH KY3IFaTyB4YaH CAHOK CHCTEMACHHH TALIKHI ITanH.

Potop rapaumsaars M HyxTanuHr MoTOp KopriycHapasauara Gornanran 0x3
CAHOK CHCTEMAcHra HHCGATAH XapaxaTH HHCOHH, poTopHHHr Kysramysuan O, X,¥
canox, cHcTemacH Gunan Supranukna Kysranmac A{r caHok cHcTemachra Hucbaran
xapaxaTh M HykTta yuyH xyumpma sa M myxTamwer GesocuTa xyaranmac Al
CAHOK CHCTEMACHTa HHCOATAaH XapaKaTH Mypakkad XapakaT XHcOOnaHans.

M aycranwsr abcomor TEVHMIHHH HYKTAHMHr Mypakkal XapakaTHna
TEUTHKNAPHH K1 HI TEOPEMACKHTa ACOCAH aHNKIAITMII.

Teopemara xypa
1‘5“ - 5,1 + 5& 3 (27)
Hitc 61l TeAMHKHUHT MOTY TH

fp =R wy, 2.8
Gy epma R — poTopHHHT panyych,

@, — poTop GypYak TEUIHTHHHHT MOIYH

wn=[3) & =T2=2t (2.9)
t = 1 cexyunna
@, = 2rad/s, w, =2 rad/s. (2.10)
¥y KATTASMKHMHI OJUIANArH MycGaT MIIOpa POTOPHHHT AiNaHMINH ¢, GypYAKHHHT
¥eHIu TOMOHHTA Kapab p¥ii Gepummmm xypcarann. 3 5
Huchui TeanmxHHHT MogynH (2.8) dopmyna o]
ACOCHOA AHUKJIAHATH: ﬂ‘: [
8, =02-2=04m/s. (2.11) 5 )
5,, sexTop, M HyxTa HHCGHIT XapakaTha HMIraH A'Mf‘f

aitnanara ypunMa 6¥iinab, poTopHHHr aiinanmn ToMoHHra Kapab #yuananu (2.1a-

pacu),



M HYKTAHHHT Kunpma TE3JTHTH

xapanaéTraH BaKT MOMEHTHIA MOTOD

xopnycH-apapauasmur M | HyKTa GunaH ycTma —
yct TYWYBYH HYKTACHHHMHT TE3/THTHTa

TeHr O¥nanm:

Ve =121 = 13¢% + 4l (2.12)
t =1 cexynnna
£, =Tsmfs, x;, =Tsm/s.
Hemax, v, = 7 sm/s.
¥y mextop, £, karTamuk onnunarn umopa MychaT GFIraHIHrH yHyH, X HHHT Fcum
TOMOHMIa, MbHH APABAYAHHMHI XapaKaT AYHATHOIK TOMOH iyHananH (2. 1a-pacm).
M uyxkranmur abcomoT Temmaru yHHmT HucGuii Ba kiuupMa Xapaxar

TeANHKNAPHUAAH KYPHITAH NapasuleNoTPaMHHHI QHATOHANH OpKank upoganaHanH.

YHuHr Mmogynu;

B, = B2 + 8% + 20,0, cos60° = 7,21 sm/s. (2.13)
M nyxTauunr abcomoT TeUTAHWIIMHHA Hy KTAHHHT
w Bt 4
MypaxxaG  XapakaTMAa TeNAHWOUTADHH  KYIIHII g B
TeOpeMacHIaH aHHKIaHMH3. ﬁ";-:.—:\,.l }
Kyuupma xapakar wWirapHiaHMa  XapakaT k a . *
6¥nrarumHiH yqyH
Gy = Ay + ay, (2.19)
2.16-pacm.



&xH, SHHNran KYpHHHLIOA
dy = ay +dp +d,. (2.15)

HucOuii yprHMa TeanaHHUWHHHI MOTYH.

ay, = Re, (2.16)
6y epnag, = |Z, |- porop Gypuak TeanaHHWIHHHHT MOIY/TH.
N & rad 2rad
= ?-’,ﬂ =2, En=—
at- s s

2, Ba @, napumur mmopanapu 6up xun. Hemax, @} sa 19.,, BexTopnap 6up xaun

Ainanumra ara 6ynagu (2. 1a,6-pacsnap).
(2.16)ra acocax

al=0.2-2=104sm/s% 2.17)
Huc6uii Hopman TeVIARHTIRIHY MOIYNH:
a® = Rw? = 0,2-4 = 0,8 sm/s> (2.18)

@2 sexrop potop M HyxTacHHWHr HMCGWIt XADAKATAA THIrAH AHNAHACHHHHT
mapxasn O Hyxra ToMoH Himanam (2.16-pace).

M HyxrammHr KyuMpMa TeanaHMIIM Kapana&TraH BaKT MOMEHTHIZ MOTOp
xoprnycH — apasadaHuHr M wyxracu Sunan

YCTMa — ¥CT TYIIYBYH HyKTACHHHHT TeUTaHHIIHTa TeHr G¥namu:

a, = || =[6t]. (2.19)
t = 1cexynmna
2y = 6sm/fs?, x"=6sm/s?. (2.20)

Hemax,a, = 6 sm/s*.

#'sa 2 xaTramuxnapsmaT Mmopanapy GHp xuu1 6y nrarmrs yuyn Jy

Ba f‘t';, BEKTOPNAPHHHT HyHATHIIapH ycTMa ~ycT Tymank (2. 1a,6-pacsuap).
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M uykra aGcomoT TesnaHMmMHUHT MOIOYNHHH MPOEKTCHANALL YCYJIH
€poaMHAaa TonaMm13:

Ay = ay — apcos300 - aleos60® = 5,52 sm/s?, (2.21)

@y, = ancos60° + af,cos30° = 0,74 sm/s? (2.22)
ety

Ay = Ja};,, +a}, =5,6sm/s (2.23)

Xncob Hanwkanapy xanpanna KypCaTHIITaH.

P Teamnk, cm/c. g, Tewtarmm, cm/c”,
Hr

pan/c. 9, T Unr pag/c’. ay, al A | Gy | Buy | ay

2 0,4 7 7,21 2 04 | 08 6 3,52 | 0,74 | 5,6

2-vacanaM HyxTa D xucmra HucDaTaH OM =s, = 6rt? TeHrnama OyiiMua
xapakatnanan., D xueMm ©,0AQ; DapHMPIIH TYPT 3BEHONHKTA MaXKamlaHTaH.
T¥pt 3peHonuxkuuur 0,0 ma A crepxennapy O, pa ; HyxTanap atpodmaa

]
] =MTKU‘H}’I-II'B mysoduk afinanamu. M HyKTaHMHT m=i; BaKT oMMAaru abcomot
Te3NHry Ba abcoMmoT TeTaHUIIN aHHUKAaHCHH (2.2a-pacu).

Macanada:
OM = s, = 61t?(sm),

nt?

¢ 5 (pan),

R=18sm

0: 0 = o: d‘q = zom Z‘Za-pacll{




Eunmn: Macanaga 1¥pt sseHomukHnur 0,0 sa (24 crepxennapn O; Ba
O;mapuspnap arpoduna alfinananu, 4 crepeH 3ca HIrapiiaHMa XapakaTda
6ynanu. SpuM Aowpa xaM OA CTepkeHra MaxKamJIaHTraHawry Ty gainm
nwnrapunaiMa xapakataa Gynanu. M Hykra yuyH D ApHM HOMpPaHWHI XapaxaTH
KyuMpMa XapakaT xHcobnaHanu.

IIyHyHT yuyH MAcanana XyyHpMa XapakaT WwirapHraHMa Xapaxat G¥nann. M
HYKTaHMHT J{ sucMra HicOaTaH XapakaT 3ca HucOHA xapakar xucobnaHani

Beprirad sakT MOMeHTHAA A HyKTaHHHT [] xucMparn ypHHI = ’;" Oypuax opxanm

aHHKIaHaAOH:
ty=1lc.na
a=S%0 _F o0 (2.24)
13 3

D AMCMHMHT TEKHCITHKOArH Xonat @ bypuyak opKann aHHKIaHaaH;

t= lc. na

P 30°. (2.25)

Hyxranuyr Mypaxxa6 xapakaThaa Te3MHKNAPHH KUK XaKuoary reopemara
acocaH M HyKTaHHHr abcomloT TeanuMrM yHMHr HucOMii Ba xiuHMpMa Xapaxar
TeINHKNAPHHHHT FeOMETPHK HMFHHIHCHIA TeHT O¥nanu:

B, =B, +9,. (2.26)

HucOmii Te3NMMKHHHT MHKAOPHHH BHHKNARMH3:

8, =5, = (6nt?) = 12xt; (2.27)

t;=1c. na
8, =12-w- 1 =37.68cwi. (2.28)
HirapunaHma xapakatmarm mHCMHMHT Oapua HykTajnapn Owp xHn
TpaekTopha 6¥itnab xapakaTnaHamy Ba Xap oHAa MHKAOP Ba AyHamHminapH 6Hp xain
6ynran Teumk pa TeanaHumra 3ra 6¥nagy. Mlyuunr yuys A HyKTaHHHr KyuHpMa
Teamuryn () HyKTaHHHT KY4HPMa TeMrura TeHr 6§namu:
I =8, =-0,0, (2.29)
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ByHaa:

, (=Y _=e*.
e ol b

T1=lcan

wy — 1,57 rad/s.

BrHoOapHH,
#, =w-0,0=157-20=3,14sm/s. (2.30)

#,, = ¥, sexTopnap ¥3apo nepnennnkysp Aynanran(2.26-pacw). IlyHunr yyH M
HyKTa a6COMIOT TEANUIHHMHT MWKIIOPH KyiTHIArH4a aHHKIaHAIH.
8, =9+ 92 =/(37.68)% +(3,14)" =49,055m/s. 231)

M  Hykramwur aBconioT TeMNAHMWMHYM AHHKNAHMAI. Kjunpma xapaxar
WITApPHIAHMA XAPaKaT GYNraiIHTH YUYH KapHOJTHC TEANaHHIIH

a,=2(®,x9,)=0, (2:32)

IMyHuHr yuyH
i, =a,+d, =ar+al+ap +ay (2.33)

M uyxra HrcGHit TeATaHHIMAPHHHHT MHKOOP/IApH:

77



]
= G168 g s8m/s2
n R I8 B88am/s,

a,
=)

. 12 = 37,68 sm/s?.

M HyKTaHWHr KJuKpMa TEAMAHHILNAPHHHUHT MHKIOPNapH:

a =@ -00 =(1,57)*-20 =4930sm/s?;
a =£-0,0.

ByHnna

t=lc nma, s, =%-= mt =3, 14rad/s?.
IyHuur yuyH,

aj:y" =314 .20 =62,8sm/s2.

M  HykTaHMHr HMcOMIA  Ba KYuMpMa  TeanaHMmLUIapH

(2.34)

(2.35)

(2.36)

£, = —£,
k= g

(237
(2.38)

(2.39)

2.2c-pacMmna

KypcaTHIraHAM HyKTaHHHI abCOMOT TEWIAHHMIWHHWHT MHKOOPHHH NpPOEKLMANAI

ycyhnnaH hoinanaunG aHmgiaiMms

(ay). =a; —a™ = 37,68 —49,30 = 11,62,
(an)y = a2 —al¥' = -7888 + 62,8 = —16,08,

ay =y (ay): = (ay)2=19,84 cw/s?.
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2.1.3. Moaami HyKTamHT MypakKkab xapakaTHaa, Ky1upmMa XapaKaT
WITAPpHIIZAMa XapPaKaT 6¥.1MAran xo y4yH, HYKTAHHHT aDcoNIOT TEIHK BA
TeIIAHMILIHHA AHHKIALINE JOHP MACAnAIap

I-macwna,

Tyrpu Gypuaxnm pamka AB  xyzranmac ¥x
arpoduna @, = 3t— 0,5i> pan. xoHyH
6¥itnua ainaxany. M wykra T¥rpu Gypuaknu

pamxara HucOaTaH yHOa 4M3WITAH pagHycH
R=40sm. Gynran ainana 6¥ina6 O

Hyxtanan OM = s, = 40mcos %'cu, KOHYH .
6¥itnua xapakatnasann. M uyxramunr =1 /

cexynnnary abcomoTt Tewmru pa acGomot

TE3NAHHULIA TOIBUICHH (2.3-pacm).
2.3-pacM.

Eanm:
1. M nyxrauuxr abconyTe TEINHrHHEH aHHK AL,

BepunraH BakT OHHOAa uYM3Ma TEKHCIMrH TYrpH Oypuyaknu pamMxaHiHT
TeKMC/IMrH GHNaH YCTMa — YCT Tywmanu aeb ¢apasz xHanHanH.

IMaknma x¥pcamnran A& ( yxrap cHcTeMacH K¥IranMac CaHOK
cucremacsm, TyrpH Oypuaxnu pamka Gunan Gornawran Ba y Osnan Oupra
ainanysun 0, X; )12, ¥xnap cucTeMacH Ky3FAnyBuaH CAHOK, CHCTEMACHHH TAIIKHN
ITAIM.

M wyxtanuur TYrph 6ypuaxnn pamka Gunan Gornanran O0,X,¥;2, caHox
cHcTeMacHra HucOaTaH xapakaTH HucOui, Trpu GypyaknH paMKaHHHT Ba Y OnniaH

Gornavran 0, X, ¥, 2, caHox cuctemacHHHHr Kysranmac A § 17 { caHok cucTemacura



HichaTan xapakaTd KuMpMa Ba HyXTaHHHTr Kyaranmac A § 17 { canok cucTemacura
HuchaTan xapakaTi Mypakkal xapakat xucobnanamm.
M uykTaHuHr TYFpH Gypyaknm pamxaga 4H3SHAraH ainasamarn XoJIATHHH

T afinana 6¥iinab XapakaT koHyHnnaH doiinanarnd, Kyinarn ¢ GypHiak opkam

aHHKTaiMM3;
nt
R 40 (2.43)

t=lc. na o=9%0°
M Hy KTaHHHT abcomoT TeIHrHHH
HYKBTAHHHT Mypaxkkab xapakatHoa TetHKaapHHU
KYIMII XaxMQard TeopeMara acocaH, HHcOMii Ba

KVYMpMAa TEeMMHKIapPHHHI DeOMETPHC HHFHHIOMCH

kabu ammknaitmes (2.3 a-pacu)

By = B, + 3,
HucOuii TeanukEMHr MOTyH;
B = |84, (2.45)
by epna,
ds, 40m% _ mt
= = — sin—.
at 3 3 (2.46)

t = 1 cexynnna,

g, = :ﬁt%dﬂf +0,86 = —113,06 cwm/c,

(2.47)
9, = 113,06 cm/c.



lgnxa-n-anuxuunr onaupard Mandwit mumopa M pyxTauusr uucuil Teamuru
SpHWHT Kamaiimn ToMOHMra Kapab airaHara ypuHMa Xonna WyHaNHIIHHH
Ounnompanum (2.3a-pacm).

M HyKTaHMHr Ky9npMa TeINMIHHH aHHKaRMH3.

Kyunpma TeanHKHHHI MOXYMH:

O, = Rpay (2.48)

By ndonana R) Tyrpu Gypuaknm paMKaHHHT KApIaéTraH BakT onuna M
HyKTa 6MnaH ycTMa — ycT Tywysum HykracH tomoHuuan A § ¥k arpodmuna
unsanuran L afinasacuuunr pammycH, R, = R = 40 sm.,

W, — TYrpu Oypuaknn pamka OypyaK Te3/IMTHHUHT MOIYJTH:

w, = @], 3 ="2=3-15 (2.49)
t = 1cexynnna,
@y = 1,5 pag/c, wy =15rad/s. (2.50)

63;, KATTAMMKHUHr Myc6GaT wmopack 1¥Fpn Oypuaxmu pamkammur A § x
atpohunary  afimanvmu @, OypHAKMMHMT Youm ToMoHMTa py¥R  GepHmiMHM
kypcatagn. IMynunr yuyn w, Kyunpma teamuxkmmur moxymH (2.49) dopmysa
6¥iiHya XucobnaHanu:

# =40-1,5 = 60 sm/s. (2.51)

15;, mexTop L afinanara ypumma 6¥iina6, Tyrpu OypRawm paMKaHHHT
aftnaHULr TOMOHHIa Kapad AyHanraH,

5;, Ba '5“ BEKTOpnap ¥3apo neprenaukynsp 6¥mranu yayn M wyxra aGeomor
TEUTHIHHUHT Moaynu: (2.3a-pacm)

By =02 + 19§ =128Bsm/s. (2.52)
2. M HyxTaHHHT aGCOMOT TEAMAHHITHHH BHHMKTAHMH3,

M uyxranupr abcomoT TeAMAHHIIMHM HYKTAHMHT MYypaxka® XapakaTuma

TeVIAHHIIAPHH KYIIHII TEOpeMacHaaH aHukiaimu3. Macanaga, kyuupma Xapaxkar
unrapuwianMa 6¥mvaran mypakkab xapakaTt 6ynrawmry yuyH, abcomoT TeanaHHm
HHcOuHA, KyunpMa pa KopHontc TeanaHHINIApHHHHT FEOMETPHK HHFHHAHCHIA TEHI:

Gy = Gy + 4y, +d,, (2.53)
éxH, EHMNraH KYpHHHIIOA
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dy=az+ar+da;+dp+ad.. (2.54)

Hucbuit ypHHMA TeINAHHILIHHHT MOIYNH

a;, = |a;l, (2.55)
6y ndonana,
. d%s, 4017 mt
n“arr -9 ‘3 (2.56)

t = 1 cexynnna,
ar, = —21,91cew/c?,
al=21,91cm/c’.
GXuuur mandud wwopach @5, BEKTOPHHHT S, HMHT Kamaiiiil TOMOWHraxapab
fyHanrannHrHun kypeatann, dr sa U, wwopanapu 6up xmn. [emak, d) sa ¥,
pexTOpAapn GHp XHn KyHamMwra sra, H}tcgm‘»i HOpMAan TeINaHHLL:

i B s
a; == =319,56

d7 mextop M mykranan O, Hykra TamoHE Hasras . (2.36-pacM)
KyuupMma ailnaHMa TeTaHHWHHHT MOgYIH 2.3-pacm

Qe = Ry & (257
By wndonanaé, = |§k| — T¥rpn Gypuaxnyu pamxaHuHr Gypuak TeanaHHILHHHHT
MOIYJIH

£ =Lox . 3¢ (2.58)

at?
t = 1cexynana,
&, = —3rad/s®, & =3rad/s’€, sa &, napuMHr wwopanapH xap Xmn.
Hemak, Tyrpu OypuaxiM paMKaHHHI aiinaHMIIH CEeKHHIAHYBYAH, EJ‘;, Ba é‘k
BEKTOPNAPHMHT jTfyHaMMUINApH Kapama — Kapuiu 6ynanu (2.36-pacm).

1
ill;

2.36-pacm. I'E



(2.58) ra acocas,
al =40-3 = 120 sm/s°.
ay ! sa , mexTopnap Kapama-Kapui TOMOHJIApra HAYHanram (2.3a — 2.36-
pacmnap)
K{mupma Mapkaara HHTHIMAa HOPMAT TEANAHHUIHHHT MOLYITH
al = Ryw? = 40-(1,5)* = 90 sm/s>. (2.59)
@ sextop L afinanaHuHr Mapka3n TOMOH HyHANTAH.
KopHomic TeananMiMHWHT MOTYH
a, = 2w, 8,sin(&, 8,), (2.60)
by udonana,
sin(@,8,) = sin90° = 1. (2.61)

w; 3a ¥, napHMHr IOKOpHOa TOMWIraH KuiiMaTnapHHH xpcobra onrad xonda d.

YYYH Kyiuaarn HaTipkara sra 6§namms:
a.=2-15-113,06 = 339,18 sm/s2

@. sexrop (@ x8,) sextop KynaiiTMa Komnackra MyBO(HK A¥HanraH (2.36-

pacm).

M uyxra aGcomoT TEINAHMIMHHHHT MOAYIMHH NMPOEKTCHANALN YCYJIH OpKaJH
anuxKnaiiMus;

aye = —ap”' —a, = 459,18 sm/s%
@y = @} +a = 111,912
Aty n k LT

a,, = —at = —319,56 sm/s*;

ay = JaZ, +az,, + a&, = 5705 sm/s>.
M Hyxrta abCcOMIOT TesNaHHWHMHMHT HyHandiid 2.3-pacMia KypCATHIraH
xHcobnaw HaTHXanapH KyAnnari xansauia KeTTHpAITaH.
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_ | Tewmm,oa’en | g ¢ | Teanammm, o4'cs
&:k,
pa paxy mt | 9| At n
i ﬂka '9)‘.3 Our. a8 Qps (Qpy |2 Ouxg | Aoy Qugzd Ouic
s i3
1130 ) 12 1118] 329, | 570,
1153 | 60z o 32 90z 1202 | 21014 313 562 339.13<f 459 18z » .
&z 8z 1= 56z | 3=
2-macaia.

Pamryc r Gynran xosak xanka AB man
bunan  maxxam  OupuxTupiuirad, Oynna
BAMTHHHT YKH Xanka VKHHHHC TeKHMCIHriaa
koitnamraH. Xanka pacMna KypcaTMATaH
cTpesyika HyHanuiHoa ¥3rapMac u HHCOHH

TeamK OWraH XapakaT KHIYBYH CYROKITHEK
OHNaH TYNOHPHAraH. ‘] 2
A—— — — — g

Arap aitnannm Yxu 6¥imva A nau B ra Z 2.4-pacm. Z

Kapanca, AB san coart cTpenxacy afinaHanHraH TOMOHra aiinanagn. BanHuHr o

Gypu9ak Teamuru yarapmac. 1,2, 3 sa 4

HYKTAMADAATH CYIOKIHMK 3appanapHMHMHI a0cOonoT TeanaHMnapH MHKOCPAapH
BHHKJIAHCHH (4-pacm).

Equiue: Macanana CYIOKIHK 38pPANAPHHHHT XANKA MMMOArH XApakaTH
HHcOuil xapaxar, xankaHwHr ica, AB Ban Gunan Oupranmkna coaT cTpenkacH
aiUlaHanHraH TOMOHIa aiflaHMIuW Ky9HpMa XApakaT XHcobnaHaam.

HyxranyHr wypakkal Xapakathaa TeanaHMmiapHH KYIDMIO TeopeMacHra
acocad 1,2,3 sa 4 HyKTanapoary cylOKIHK 3appanapHHMHr a6C0/mOT TeanaHHuLIapH
KyHunars GopMyJm acocHna aHHKTaHAM;

d=d,+3, +3, =T +3; +3 + 3} +3,. 2.62)

Macana mapTHra Kypa:
8, = u = const;
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Wy, = W = const. 2 B %%~ 4,
Ve B\
|‘5f/ﬁ < IZ:' s \\\‘.
IIynunr yuyn 6apua HyKranapaa /;‘G .;'\}f' . }w: 2 5
ay\_ @ x//Aa
ap=0, =0, o ._r____-‘ &"E‘:&L’éh
..f % ‘_fz: “
i ) e i
X s e
A — e T T T
72 77}
2.4a-pacm

l-HyxTama cyroxmmk aappanapuHuHr abcoMOT TEATAHHMIIMHHHT MHKAOPHHH

aHukNaiMua (2,4a-pacm).

|..|2 —h
A =—; al =0?'r; & =2wyd, sin(w,8,) =0:
r ay Sc n ("‘)n n) (2,63]
IMyuuur yuyn
2
a, =afl —at =mzr—u—;
r (2.64)

2-HyKTana CyIOK/IMK 3appanapHHHHr aGCOMOT TENAHMIIMHHHT MHKIOPHHM

aHMKnaimua (2.4a-pacm).

uZ
a"=—; n=£|.):""2f;
AmTE Oy (2.65)
a, = 2-w 8, sin(@,8,) =2- wy -8, = 2w-u. (2.66)

Bynapuu swTHOOpra oncak,

&
a: @I T (Cany ¥ (A = J4m3u=+ ¥4t =

__Jdm’u’r’i-u‘idm‘-z'

= =T+ 20777 =
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2
=’:(uz +2w%2%) = -"-:— + 2wir.

3-HyKTama CYMOKIHK 3appaNapHHHHMr abCOMOT TE3NAHHIOMHHMHT MHKIODH

Kyinnarura TeHr 6¥nagu (3.686-pacm).

=y (2.67)
a = 2- mkﬁn Sin(a;ﬁn) = 0. (268)

MywsHr yayH
u?
a; =ap +a = — + 3w’r.
r (2.69)

4-HyKTaNa CYIOKTHK 3appaNapHHHHI aGCOMIOT TEATAHHIIHHHHT MHKIODHHM

aHuKmafiMua.
u? -
aa=—: aMlmw .
r (2.70)
IMyusHr yuyH

a0 = [(=a) + (a)? + (-apy?

= j(—Zwu)z + ["TJ‘ + (2w?r)? = -lE_—z--l- 20°r.

2.1.4. MycTakun e9Hm yuyn Tanabanapra TABCHA ITHIAAHTAR MACATANAP
Tonmupuk K-1
Hyxkranunr aGconior TewInk B2 a6Como0T Te3NaHHIMAHA aHAK,1AMI,
Teometpux $urypa yHHHr TeKMcnMrura nepneHOMKYNap Gynran ¥k atpoduna
alinanamy. @urypanars XaHama OyiMua mommmit HykTa & = &{t)xomyHura
MYBOQHK Xapaxatnanami. Monmuit HykTasuHr £ = t; BAKT MOMEHTH yayH aBComoT
TEINHTH Ba abCcOMIOT TEAMAHHIUM AHHK/IAHCHH.



Macana maptuna & = §(t) ynxuma, durypaHHHr afmaHBm KOHYHH @y =
@.(t), t; BakT KHiiMaTNapy Ba GUrypaHHHr Ynuamnapn Gepuaras.

Hiox:

- TOMOWPHK BapHaHTH Tanabara YKHTYBuN ToMoHHpaH Geprnaon
XMCODOT yUyH THTY Bapard HAOBADAH ONWHATH.

Bapmamr 1 Bapmant 2 =
ait) = BAf = %t:’ +50) ex. P W11 AN =~ e 1)
K
g
we = 0.06 pas/e. C oy
= R w51 cu, e AD 13 cu,
e AR = 7 cu, hwlc
i =1
Bapmamr 3 _| Bapmanmy 4 i
olt) = BAM = 2( + 50) cu. N ol = BM = (e + )t cu.
i [}
b e = 00267, i P et
- AR = 28 ¢u, * AB--uulu.
BCTS’ oM, LT -
E¥S Iy=1¢
Bapmanr 5 BapmanT 6 %
o(1) = BA w 2(27 4 50) cu (t) = DM = (7 +3) cu,
M ) 3 " = .
a
( B P = 0O, £ 3 we = M1se,
g AR = 26 cm, l\.u' AR = 11 cu,
BT = 5l cw, BC = 17 em,
fi=1¢ L=12c¢c
Bapmanr 7 Bapmsnr § -
oft) = BA = %(z’ + ) eu. a p 10 = AN = S+ 2}t oM,
D E
. n - wy w O.G7 paaye,
' e o = (6G2, \"H- R -2em,
e Al = 2cm, AD =5 cu,
AC = 4 ca, ty=1e
h=1¢
Bapmant § Bapmany 10 s
o 1
afi) = BAS « ;(F + 51y en o g o(t) = DA = i(t‘ 1 &) ow,
o ] o = OIP
1. ;::5":‘""“-"- N AB _ 18 cu,
= AN = en ;- BC =2 cm,
teze . L =a3e
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o(t) = AM = 3 1 a1 ow.

Bapuamt 11 Bapmant 12 4
2
. oft) = AM = -j(:' + 64) cu. 36'(1} « BAf = i(.i' + At cm.
u
4 {/J Ve = 0.0487, 5 e = 0,153,

N AR =27 cu, NS, AB - 20 em,
BC':QQ“. AC:.:L'ncll.
h=3c h=3c

BapmanT 13 Bapmanr 14 =z
ott) = BA - (1 +50) cx. i o0 = AM = 2(P 4 4y e,
.5
ws =02 pan/e, 2 e we = 1.37 panjc.
At R =51 cxm, w.-/ R =31 ¢m,
aly AR =2 cu, AD = 33 cu,
Iy =1e. [ I
BapuanT 15 Bapmanr 16
A,

oft) = BAM = t—'(:’uw o

w, = (.54 panfe,
R = 14 cw,
ws = 1.61 pas/e, AB - 10 cu,
R:I!ru_ ‘[‘—2(.
=3¢

Bapuanr 17

n i [

alt) = BAf - ;u’ +50) cm.

Bapmanr 18
a(t) = DA = él’r‘ +4) e

3 1)
e = 0.003, €o = 0,068,
Wy AB = 26 ew, et AB =11 cu,
BC =5l cm. BC - 13 e,
fhh=lc =3¢
Bapuant 19 i Bapmanr 20 4
] a7
i olt) = BM = 5{: I Be) eu. P .aU) = AN - 7| (1% 1 d)i em.
L " 1.
4 c 9 = 0.0822, ‘\ we = 4.14 pan/c.
2 AB = |4 oo, - R =139 cn,
AC = 24 cu, w AD = 41 cu,
h=3c =3¢




Bapoaxy 21 Bapmant 22 i
31) - BA - 1;"-(:' +52) o, alt) = BM = 5(t +2) cu.
B
e = 0.95 paa/c. e — 0.081%
A - 61 cx s
! : AB =2cu,
AR -. 66 cw, :
“ asading AC = 3em,
L=1¢t
Bapmawy 23 Bapwant 24 ¥
oft) — AM = L(? +-8¢) cu. olt) = BM = 3(£ + 2t ox.
c 4 "
] A
A e = 00262, L9 . e — 04TE,
AB =27 ¢u, ‘p_j AB=2cu,
o BC =120 cu, x R AC =4 cu.
4 =3c h=1c
Bapuant 25 5 Bapuanr 16 -
_ T = -— 4) cm.
a{t) = BM = ?{t’+5I}cu. 5 gm AM == (r+4
by
! 'n
we = 0.24 pan/c, i D Fed we = 1.2]1 pax/c,
Ar R=5cu R =11 cu,
e AB - 2qu, = AD — 33 cu,
h=2c =3¢
Bapuant 27 Bapuanr 18 s
x
o(t) = AM = 3T*g:= +4e) e N a)=BM=( +om
w, = 4,67 panfe,
Rew3cm,
w, = 0.85 panfc, AB = 8 cu,
Wy R=12cm =1c
L =2c
Bapmant 29 Bapuant 30

o{t) = BAl = %(:' +50) cu.
[ o

(o

1
- t."t" =DM = i(‘; +2) cm.

¢l

- 0,071,
¥e = 00187, :’B_ s
e AB = 26 cw, BC =5 cu,
AC = 31 cw, h=te
i =lc

&9




2.2. KaTTHK XHCMHHHT Ky3ranmac ¥ aTpodnnars ajiltanma
XapaKaTH

Arap KaTTMK >XMCMHHHI XAPAKaTH AaBOMHAA YHHMHT HKKH HYKTACH K¥Irammac
xonoa KoaHO, xonraH 6apua HYKTanapH Mapxaimapy KY3FanMac HyKTanapHH
GupnawTHpysaM 4H3HKOa 6¥nnb, yHra nepneHaHkynap O¥aran Texucnukaa éT1yBUH
aitnaHanap G¥inab XapakaTnaHca, KaTTHK *XKMCMHHHIr GyHoaH XapakaTv Ky3raiMac
¥K atpodiaary aiinaHMa XapakaTh geHwIaqH.

K¥sranmac ¥k aTpodmaa afnaHysum KATTHK SKHCMHHHT XapakaT TEHraamacH
Kyiiunaruya sionanaHanm:

@ =9(t) (2.72)

By udonana ¢ — Gypinnm 6¥nub, GHpop KY3FanMac TEKHCIHKKA HHcGaTaH
aHHknaHary. Bypunuw 6ypuars panpiannapaa yngaHanau.

KaTrix sxucMHMHr aftnaHMa Xapakath Gypuak Teanmk Ba Gypuak TeanaHwm
6unaH XapaxtepnanagH. Byp4ak TeanMK KaTTHK AHCMHHMHI afinaHma XapaxatH
wanaumMruHy Honanosuy Karranuk 6¥amb, Sypwwm OypuarnoaH eakT Gyiirma
OMMHTaH XOCHIIA OPKATH aHWKTaHATH.

w=w, = (2.73)

VHHHT Moy w = |w;| = |¢| ndona opkann ammkTaHany, ynvos GHpaHrH
panfc=l/c=cn.

Bypuak Teanawmm afinaHma Xapakatna Oypuak TeanMkHH ¥3rapminu
AMAmAUTHIHHH hdonanosun katranuk Oynub, Oypuak resmkgan BakT 6yiiHaa
xncobnanran OupHHyn éxkn Oypunmm OypuwarnpaH BakT OyiMua xpcobnanran
HKKHHYH TapT6iH XOCHNA OPKAH BHUKIAHATH!

e=w;=¢
(2.74)

YuuHT Mogymu £ = |d);| = |@| ndona opxanu anmnanany, Yuos GHpHCH
pag/c? = 1/¢% = ¢~2,

Arap Gypuak Teanuk a Oypuax TeanaHMlufapHUHT anrefpanx KHiiMaTnaph
6up xmn mwopara asra 6¥nca, afinanma xapakaT veinaHyBuaH Oynami. Bynmait
Xapakatha Oypuax TeanMK BEKTODH @ Ba Oypuak TeanaHuw sextopu £ nap
afinannin ¥xu 6¥Hnab 6up ToMoHra fiyHanann.



Arap Gypuax Tesnuk Ba Gypuaxk TelnaHHULIapPHWHT anrefpadi KHMaTnapH
Xap XHJ Huropara sra 6ynca, alinaHMa XapaxkaT cexMHnaurysyas 0¥ nams.

Bynnait xapakataa Bypuak Teamik BekTopH @ Ba Gypvak TEeaTaHHII BEKTOPM
£ -nap aitnannw Yxu 6Y¥iinal kapama KapIiy TOMOHNapra fyHananu.

Arap XaTTHK KHCMHHHI aiinaHMa Xapaxatufia @ = const G¥nca, Gynnafi
XapakaT Tekdc afimaHma, £ = const 6¥nca jozara KejagMraH aiinasMa XapakaT
TEKHC YarapyBpyaH (TEKHC TEIMAHYBYAH EKM TEKHC CEKHHNAWIYBYaH) O nanm.

Kysranmac ¥k atpodupa aiinawma xapaxaroa OynraH KaTrHK xHcM
HYKTATADHHUHF YHIMKIH Te3NMKNapH MasKyp HyKTalnaphaH afinaHHm ¥xurada
By nran macodanapra TYFpH MponopuHoHan 6¥nagu:

v=wx*R (2.75)

By whonama w- afimamma xapakar Gypuak Teimurm (2.75) ndoma Diinep
topmynacuny ndoganainn.

K¥sranmac ¥x arpocdwma afinanma xXapakatma OynraH KaTTHK  KHCM
HYKTATADHHMME TYNA TEINaHWIM YHHHT YPHHMAa Op Ba MapKasra WHTHIMA
T, TEUTAHHWILNAPHHHHT TEOMETPHK HHFHHOACHAaH nbopar Gynany:

Q=+, (2.76)

YpHHMA Te3aHWm MOOYMH &; = £ * R Mapxasra MHTHIMA (HOpMA)
TEATaHUIN MOy M 3¢a &, = w? * R opmynanap épaaMnna aHHKNaHATH.

Monnwuit HyxTa T¥na TeanaHHMmn Ky HHaary GopMyna acocHia aHHKJIaHAOH.

a = aZ+aZ=RVe? + 0t Q.77

VpHHMa TeUTaHHII BEKTOPH HYKTa TPaeKTOPHACHTA YPHHMA X0/IAa, HOpMan
MapKasra HHTHIMA TeUIaHHII BEKTOPH 3Ca, aiiJlaHMa XapakaT MapKa3ld TOMOH
ityHanagn,

T¥na TeanaHmHUHT HOPMAN MaPKA3ra HHTHAMA TEAHMIN ORNaH X0cHA
KuATaH Bypuarn KyHraarnda aHUKJIaHAIH:

g8 =14 (2.78)

Myun TaskHOnNAIl NO3MMKM, KYHAANHK XaSTHa WIOJIATHNALMTAH TYPJH
MEeXaHHIMNApAa, Xap XUl y3aTManap (THILTH bpaxiroH) épraMuaa HArapHaaHMa
XdpakaTHH aiinaHMa XapakaTra Ba AKCHH4YA, aiinaHma XAPAKATHH HIrapdnasmMa
XapakaTra ¥3rapTHPHII MyMIKCHH,

Byunafi xosu1apHu Ky #Haa KeITHpHAraH pacMIapoaH KypHIL MyMKHH,
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2.5-pacm.

Bynpail MexaHHWIMNADHHHI  XADAKATHHH YpraHHa MeXaHHiM TYPIH
KMCMNTapHTa TAaNTyKMH, NexHH Yynap Y9YyH ymywmHil Oyaran HyKranapHHHT
TEIMHKNAPH ¥33p0 TeHr GYAMIOHMHM Halapha TyTHWIMMH3 fo3uMm. Hamxkana a6

. w; _ Ry
pacmnap yuyH ay Ry = wyR; éxkp — = o 6ymamu 6 pacm yayH 3ca v=w*R
Lor ] i

thopmyna Ypurm 6y nHmy ManmyM 6¥naon.

2.2.1. Karrax XNCMBHHT WITapHIaEMa B3 KyIFanmac ¥K aTpodiaga ailnanma
XAPAKATHTA AOHDP MACATANAPHH e9HLl YUYH YenyOnii x¥pcaTmanap

KarTHK KHCMHHHT Ki3ranMac X aTtpoduaa aiUTaHHIINGa NOWD MacananapHH
Kyiimnara Taptwbia e TapcHa 3THIADN:
1. Koopaunaranap cucremace Tannab onvxame, GyHoa xoopOwHaTa YKAapHAAH
Guprm (z yxunH) afnanym yxH 6¥#nab iiyHanpun Maxcaara smysoduk 6ynanm,
2. KATTHEK CHCMHHHT aftnaHMa XapaKaTH TEHrNaMacH TY SHIIAIH,
3. KaTruk XHCMHHHT aiinasvimn GypuarmgadH BaxT Oyfmda OMpHEWH TapTHOMM
xocHna xucobmab, Oypuak TeUTHKHMHMr aliTaHumn  YKMOArH TPOEKLMACH
AHHKNAHALHM.
4. KATTHK, AHMCMHHHT aiiadvmn Gypearmngad BaxkT O¥iMua MKKMHYH TapTHOM
xocwna xpcobnab, O6ypuak TeamaHHIMMHMr afinanum  YKMOAIH TIPOSKTCHACH

AHHKIAHANH.
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5. Afimanma xapaxar Oypuak TeanurHHH OwiraH Xonaa, XHMCM HYKTACHHHHT
GUINKIH TEIMTUMH Ba HOPMaN TE3NMaHHITH aHHKTAaHAIH.

6. Afimanma xapaxar Gypyak TelnaHMIDHHK GHMATAH XONAA, XHCM HYKTACHHHHT
YPHHMA TeanaHHIIH AHHKTAHAIH.

7. AHMKNaHras HOpMas Ba ypHHMA Te3JIAHMULTAD OPXAIH XKHCM HY KTACHHHHT Ty/1a
TEANAaHHINH AHHKIAHAOH.

Arap macanana KaTTHK »XHCMHHHr Oypuyak TealaHHuH &xn Oypyak Teannarm
Gepunran 6¥nub, afinaHMa XapakaT TEHTJIAMACHHH KATTHK AKMCM HYKTalapHHMHT
TEITHrH Ba TELUIaHHIIHHH aHHKJal Tanad 3THica, MacaladH KyfuaarH TapTHOma
euHll makcanra mysodHk Gnamm.

1. Kattk xucm Oypuaxk TealaHMILMHMHI aflaHHII YKHAArH MTPOEKUHACHHH
HponanosuH TeurnamaHu HHTerpannad, Oypuak TemMKHMHI afnaHMin ¥Kuaar
NPOeKUMACHHM aHMKnafiMui. ByHpaH uHTerpannaw poHMHiLIapu —¥3rapMaciapi
Golunanruy KaTTANMKIAP OPKAIH AHHKIAHAOM.

2. Bypuak Te3nMKHUHT afinaHM YKHOArH NPOeKUHACHHM HOAAN0BYH TEHTIAMaHH
MHTErpannab, »acMHHHT aiinaHMa XapaKaT TeHTJIaMacHHH aHHKnaiMu3. Bynna xam
HHTErpasinam yarapMacaapy GOMNAHFHY KaTTAIHIJIAP OPKANH aHHKJIAHAIH.

3. Bypuax TeanMKHHHT aiinamwim YkHMoard npoexuHacH ngomacumaH dofiganaHnG,
AHMCM HY KTANAPMHHHT TEJTHrMHH BA HOPMa/ TeXIaHHIIHHH AHHKNaHMH3.

4. Bypuwak TesnaHWIUHMHr afinaHMin  YKMgaru OpoexiEscH  udoRacHOaH
dofinananuG, kHCM HYKTANAPHHHHT YPHHMA Te3IaHHIIUTAPHHH aHHKIARMHS.

5. XucMm HyKTanapMHHHT HOpMAan Ba YPHHMa TeMaHHILNAPHHH OiIraH Xouma

YHUHT TYNa TeanaHWIIH AHWKIAHATH.

2.2.2, JKucMNapHHHr AWITAPHIANMA B2 afiNanma XapaKaT/IapHHHA
MEXAHHIMNAPAA KY/UVIAHHIIHIA JOHD MACAIAIAP

I-vacana. |-xucmunnr xapakar Tenrnamac X = 10 + 30t? ra w¥pa, yHunr
Beptuxan yx Oyinab, $=0,3m #ynem §ram maxT MmomewTHma, 3 xmcm M

HYKTACHHHHT TEaNMUry, ypHHMa, HOPMAaJ Ba TY/Ia TEINaHHIUH TOmUIcHH (2.6-pacu).
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Ixse Ba WMHAP Yuamnapy Kyfunaruya: Ry = 30 sm, 7, =20cm,

Everne:

Bupunun sacuumar § = 0,3m = 30 sm

FnHEn i pakTi T HH TONAMHM3!

S = Xymg = Xe=g = 10+ 307% — 10 = 3072,

2.6-pacm.

ByHnaH,

t=.[s/30=s/30=1s (2.79)

BHpHHYH XNCM TEUHIHHM aHUKIAIL YYYH YHHHT XAPAKaT TeHrJiaMacHIaH

paxT Gyiisa GUPHHYH TapTHOIM XoCcHNa XHCOOnaiMM3:
9, = % = (10 + 30¢2)’ = 60¢, (2.80)
Arap GHPMHYH XHCM OCWITaH, Xamaa 2- Ba 3- AMCMIIADHH GHPHXTHPYBYIH
TacMAnapHH uyInnMaiiny neb oncax, \“?:. = 51 6ynann. ¥ paKkToa

2- #PCMHHHT Oyp9aK TeTHIH

Ba _ 6y _ 60t
W 30 = 3t 6ynamn.

By xaicm B HykTacHHuHr Teznmrs:
O = wy - Ry = 3t-30 =90t 2.81)
BC Tacmann xam gysmmMaiing, neb oncax,
85 = 9, = 90 t6ynann.
By xonathma 3-kucMHMHT Oypuak Tewmrd Kyhmparu dopmyna GunaH

AHHKJTaHAaIH:

R, 30 s (2.82)



3-xncMHBHT HypuaK TeINaHMIIA 3Ga YHUHT Bypyak TeauruaaH sakT 6y Hiua
xucobnaxras GupuH4YM TapTHONH XOCHTAra TEHT!

dw 1

£; = oyt (3,{‘)' = 3.—2

at c (2.83)

M pa C nyxTanap usnMHODHMHr CHPTHNA, TLHH aittanmu ynaH OHp xHA

macodama ETraniMrH yuyH, YJapHHHI TeafMK/IapH, YPHHMAa, HOpMan Ba Tyna

TeanaHMInapH y3zapo TeHr Gynamy. [yHuHT yuyH:

e, = g;R; =3-30=19( (2.85)
0, = wl-R; = 9t2-30 = 270¢%, (2.86)

a=Jal+a: = [007+ (270t%)2 = V8100 + 72900t°.  (2.37)

=1 =1 cexynnua:

Oy =90-1 =90cm/c, (2.88)
a, = 90cm/c?, (2.89)
a,=270-1=270cm/c, (2.90)
a = /8100 + 72900 = 284,6 cm/c’. (2.91)

M HyKTaHHMHT TeaNHTH, YDHHMa, HOpMan Ba Tyna TeanaHHmH (2.6a- pacmua

K¥pCcaTHITaH),
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2-wacana, 1-XMCMHMHT xapaxaT Tenrnamacu X = 5+ 8t* ra x¥pa, ynunr
BepTHKan ¥k 6¥inab, § = 0,32 m itymm Gocub §rran BakT MoMenTHAa, 4-xncm M
HYKTACHHHHI TEXIKIH, YPHHMA, HOpMaJ Ba TH1a TelIaHAWIIapH TonuickH. 2,3,4
xHcMmnap  pammycnapu T, = 1ésm, R, =20sm, ry = 20 sm, Ry = 25sm,
r, = Bsm/s, R, = 12 smga tenr (2.66-pacm)

2.66-pacM.
Eunu:
l-xucmunnr § = 0,32 m itymm Gocnb Jrim pakTy T HH AHHKIAAMHE!
§=Xpey —Xp=o = 5+ 812 —5= 872 2.92)
Byruman,

7 =578 =32/8=2s. 2.93)

BupHHuH okMCM TEAMHIHHH ToMamH3. BYHMHT YYYH YHMHT Xapakat
TeHIrNIAMacHIaH BaKT Oyitnya OnprHuH TapTHOMH XocHNa XpHcobnafiMus:

8, = :‘T =16t (2.99)

IOk ocnnraH apxoHHH Y¥3nnMaiiny ned xucobnacak, 2 KMCMHMHT Gypuak Te3Iurn
Ky HHOArM4a aHHK/JIaHAIH,

n o 16 7 (2.95)
6ynna, ¥4 =1, sxawmru ysTHGOpPra oMMHAM.
2-xkucm B nyxracuHuur Teanuru aca ¥y = wy - R. = 20t 6¥nanu.
B HyxTanu 2- Ba 3- xucmnap yuyH ymymuii neb onu6, 3 xucMuuHr 6ypuax
TELIHI HHH TOaMM3,

9 20t
w; =— =— =08t
R, 25 (2.96)
3-sacm C HYKTACHHHHT TEANHTH 3ca Kyingarura Tenr 6ynanm:
O, =wy; 'y =0,8t-20=16t 297
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Arap 3- Ba 4- }KHCMIADHH GHPUKTHPYBYH TACMAHH Yy 3wimaiinu neb
xucobnacax,

ﬂc o 'ﬂp (2{93)
O¥nagn.
MlyuuHr yuyH 4- xucCMHHHT 6ypYaKk TEITHIH
i 158
Wy = -, z 2t (2.99)
6¥nazgn.

4-)KHMCMHMHT Gypuak TeimaHHLTMHH aHHKAW yqyH 6YpYaK TelmHrHiaH BaKT
6§itiua GupuHun TapTHEIM XoCKNa XMCOBNANMHI:

£, = -‘::—;— =20 =2. (2.100)

4-ncm M HyxTacHHMHr TeanMrn, YPHHMA, HOpMaUT Ba TYNa TeUIAHHLLIADH
Kyfiuparsua aHHKnaHanM:

‘B‘“ =w"R*32t'12=24t, (2.10[)

a, =& Ry=2-12=24 (2.102)

a, = w?-R, = 4t?-12 = 4817, (2.103)

a = Ju? + a2 =576+ 23042 (2.104)

t =1t = 2 cexynana:
B, = 24-2 = 48 cw/c?,
a, = 24 cm/c?,
a, = 48- 4= 192cm/c?,
a =+/576 + 36864 = 193,4cm/c”.

Tesmx pa Teananumnap yuyH MacmrtaG Tamnab, ynapHH uuamana
Kypcatamus: M HyKTaHMHT TeaNMK BEXTOPH HyKTamaH TpaeKTOpHAra ¥Tkasunrad
ypHHMa 6¥iinab, Tina TeamaHWIm BEXTOPH 3Ca YPHHMA Bd HOpMas TElNaHHIINAPTa
KyPHJIraH napasienorpaMHMHr QHAroHanx 6yinab Aynanaas (2.6e-pacms).
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2.6B-pacm.

2.2.3. MycTrakan eanm yqyR Tanabanapra rascHa 3THWIAAATAH Macananap

Tonwupnk K-2.
Horapanasma Ba aii1anMa XapAKATAAPAA KATTHK XHCM HYKTANAPHHHET
TEIIHKIADH BA TEANAHHIMIAPHHH ARHKIAL

MexammaM  Typnu  ysarmanap épaaMuna  y3apo  Gornamran 1-3
FHUIMpakiiap/iad, 4-THULTH peiika Ba FUATHpaknapnad Gupura ¥panran um ydqura
GornaHraH 5 10KnaH Talkan tonrad. Fungvpaxnap panHycnapH:

T =2cMm, Ry =4cm
> =6cM, R; =8cMm
r3=12cm, R, =16cm

TommupHk mapTHAaZ MeXaHMIMHHM XapakaTra KeNTHPYBRUM 3IBEHOHMHT EX¥
XapakaT KOHyHH, €xum Oypuak Teanmurd, ékH Teanurn OepwaraH. Bynaa
@ pagHaHnapga, S- cantumerpnapna, t-cexyHanapna Oepwirad. BypimHm
6ypuarn @ Ba Oypuak TElHK @ HHHT Myc6aT HyHammuu cudariaa coaT mMuIH
XapaKkaTH HYHANMIDHra TeckapH HyHamMm OJHHCHH, S, SgBau,,Ugs AapHHHr
mycOaT HyHammmuaapy cHgaTHOa BEPTHKAT NACT TOMOH KA0YJ KIIMHCHH.

Macanann euHMH MAaBOMHAA AHHKAAHNIOM no3HM G¥nran  kaTranuiaap
XKagBanaa KypCcaTHITaH,



Haox:

-  TOMMPHK BapHaHTnapH VKHTYBUYH ToMoHMAaH Gepunanu
-  XHcoBOT yUYH THTYNn Bapary WIOBadaH ONHHaIH.

Hoxep Hano Hafrmm

ye10Bix CKOPOCTH YCEOpEHRT
1 0= 4{7!-1':) Vg Ve £ A4, a5
2 vi=2{r-3) vy Ve £j. ag. a4
3 g1 =2r-9 V4, @2 £1. d;. a5
4 wy = 71-3¢ ) £ ag. aq
5 @3 = 3r-r vy 40g £]. ag. as
6 w) = 5r-2r Vi VR €. a,. ay
7 @y = Xr-31) Vi, @ £). - a3
8 vi=3r-8 V4. G2 £5. dg. a3
9 55 = 2r-5t Vi, @3 £]. a;. a4
10 wj = 8t-3r Vi, VR £ 44.d4







2.3, KaTTHK MHCMHHAI TEKHCTHKKA NapaUien XApaKaTn

Arap xarrMk SXHCMHWHT Gapua HykTamapu Gupop K¥sraMac TeKHC/THKKA
napannen 6ynraM TeKHMCIMKIApA XapakaTiaHca, YHuMHr OyHoah XapakaTH
TEKHMCIHKKA Mapannies] Xapakar feinnamm.

KaTTuk XHCMHHHF TEKHCAMKKA Napaniel XADakaTHHM YpraHum y4qyH
XHCMHH  KJ3FanMac TekuciHkka mnapannen GyaraH Gupop Texmcnuk Gunad
KecHWOan xocwn Ovnmagurad § TekHC XHCMHHM Ma3kyp WAk TEKHCIMIHAard
XapakaTHHu ¥prauvw etapnx 6¥nann. (2.7a pacm)

Texuc WAKAHMHT §3 TEKHCAMTWIATH Xap Kanmai xapaxati KyT6 cudaTnaa
tarwiab ONMMHraH HyxTa GWAaH GHPraTMKnard WIrapiutaHMa Ba YHMHT aTpodumary
aiUtanMa XapakatnapaaH Tawkun Tonaau, (2.7.6 pacm)

TekHc IWAKMAHMMT ¥3 TEKHCIMIHIArH XapaxaT TeHTJAManapH KyTOHHHT
WITapUnaHMa XapakaT TeHrnamanapn Gwiad KyTd aTpodmuary afijaHma Xapakat
TeHrNaMalapHOaH TAINKHT TONAIH,

Xa = £:(1)
Ya=£2() (2.105)
@ =#(0)
Yh
o
2.7.a pacM. 2.7.6 pacm.

TekHc IAKAHMHT KyTO aTpOGHIard ainaMma XapaxaTH YHHWHr Oypuak
TeAmHrH w Ba OYpYaK TeaNaHHIUH & GinaH XapaxTepiaHanu:

de

ar
i i (2.106)

E = == I em——

t tZ

=
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Texne WAKNHHHr Oypuax Teward Ba Gypdak TeIMaHMIIH Ky TOHMMHIr
TantaHHmHra ornix oy amaiigu.

TekHc WAXAHHHT GEPHNraH OHOA TEITHIH HOATa TeHT GYAraH HyxTacH TekHc
WAKN HYKTANapH TeINHKAapHHHHT OHHIT MAPKA3W meiiinanu.

Texkuc waxn HyxTanapH TeIUTHKNAPHHHHT OHMI1 MapKa3vHHM AHHKMAUIHHHT
KyiHnari Xxonnapu MaBxyal.
1) Texuc maxa 6upop A HYKTACHHMHT TEINUTH 5,4 Ba B HYKTaCHHMHIr TeaNMHrHHM

AyHammun  MmasnyM  6¥ncuH.  Bynnmait  Xonpma  TexkMC INakn  HyKTanapM
TEUTHKMAPHHUHI OHHIA Mapkain 4 Ba B Hyxranap TeanMknapHra YTKaiwarad
MepneHOHKYASPAAPHIHT KECHINraH HykracHaa 6¥nanu (2.7.c-pacm).

A HYKTa TEUTHIHHMHT MOMNY/H MabiayMm OyaraHn yuyH, (2.107) pan Texmc

MAaKTHHHT OypUak TeXMHTHHH aHHKTAAMHY;

— 4
= (2.107)

AP macoda ynIManaH aHHKIAHATH.

2.7.c-pacm.
Y naitraa B HyKTaHMHT Te/MrHy MHKOOPH Kyilgarura Tenr 6y nanu:

9y = w- BP. {2.108)
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2) Texnuc makn A Ba B MyKTanapHHWHT TeanMknapu napamnen sa AB xecmara
nepneHanKynap 6¥ica, TEUTHKJIAPHHHT OHHI MapKa3HHH aHHKMAW YYyH Teliiap
MOZY/IH XAM M&BLJTYM O¥NHILK Kepax.
(2.107) ra x¥pa:
_——=—, (2.109)
IMyuunr yuys xam, A sa B HykTamap TeamMkIapHHHHI y49M OHHH Mapkas

opkanu ¥Tysun amsukna éranyu. Uly umsuxkauur AB umsuk Gunad xecuiraH

HYKTacH TeanuKnap oHMi MapkasHHH nionanaiinm.(2.8a,6-pacmnap).

8, A
5 "
LY 1
- bl I
% i
R s s e
' L :
] ~
] -
1= ! WP
e
‘\ : : ~
by I 1 ‘\
[ ) \ ~
» ] i -
\ ' 1 \\
W b b} 1 >
{3 1 .. |
8 8

2.8 a 6-pacm.

Arap TekHc mwaxn A Ba B HyKTanapuHHHr TeIMKNapH §3apo TeHr Ba mapannen
fyHanran 6ynca, y Xonnga Teunncnap oHWii MapxasH uexkcHumkna 6fnamn (AP =
).

Texuc wawr Gypuax Teamru Gyngait Xonaa Honra Texr 6§nub, y Gepwirad oHpa

unrapunaHMa xapaxataa 6¥nann (2.9a,6-pacmnap):

N

w=24=24-¢ (2.110)
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2.9 a 6-pacm.

3) Texsic maxn xoHTYpH GMpop KyiFanMac 9YH3IHK YCTHOA CHpNaHMAacOaH
JyManaca, TEKHC Ak KOHTYPHHHHT KY3FanmMac
JHIHKKE TerHb TypraH HYKTACHHHHT TEMIMrH
Honra Tenr 6ynagn. [MysuHr yuys onnH Mapkas

my YpHHHm HykTacHaa éragu (2.10-pacm).

2.10-pacm.

4) Texnc waxn xoHTYpH A Ba B xyaranmmac 2.10a-pacm éxu B kjaranmac

2.106-pacM pacM 4H3Ma YCTHOa CHPNaHMAacOaH qyMasaca,

2.10 a,6 —pacmnap.
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Makn TeanukaapHHHUHT OHWI MapkasH A Ba B Hyxranap TeamiKnapura
YTKAaSMNTGH NepneHAMKYNAPADHMHT KeCHIraH HyKracHma G6%mamm. (2.10a,6-
pacmnap)

2.3.1. Texnc IIAKA AYKTANADHEHAT TEITHK/IADHHAN AHAK/ 18I

TexHe maxn HYKTANAPHHHHT TE3NMHATH HKKH YCYJUIa aHHITAHANH:

a) Texuc maxyn HyKTaNapHHMHI TEINMHTHHH KyT6 ycyauna anuxnam. By ycynna

TEKHC MAKT HYKTANADHMHHHE TEXTHKNapH KyifHaarmga aHMkIaHagu.

1. Teanuru manrym Exu Macana IIAPTHTA KPa aHHKNAHHMIIH MyMKHH 6¥nraH TekHc
waxn HYKTacH KyT6 cupaTina TannaHanm.
2. Tekuc maknaa TEVMIHHMHr HyHanHmK MawTyM 6¥nran Gomka HykTa
AHHKJIAHAOH.
3. By HYKTaHWHT TETMrH TEKHC WAXA HYKTANAPHHHHI TE3NHKIapH XAKHAArH
TeopeMa acocuaa Xxucobnananu.
4. TekuC WAKMHHHT WY BaKT OHMAArH OypdaK TeanHrH aHHKNaHADH.
5. Texuc makn Gypuak TeuTHrHHH ORFaH Xonaa, toxopuna GaéH >THATAH TEKHC
WaKn HYKTANApHHHHT TEINHKIapH XAKHIarH TeopeManaH, TeKHC MNAKITHHHT
C¥panraH HyKTACHHHHT TEINHIH aHHKIAHAMH,
6) TexHc WaKa HYKTANAPDAHEEr TeWIHKJIAPHHE TeITHKNApHHMr onnd
MAPKAIH 0PKANH AHHK AL,
By ycynga TeKHC IDaKn HyKTANapHHHHT TeXTHKNIApH KyHHaarva aHmomaHanm:
1. Texkwc mMaKn HYKTANAPH TENUTHKMTAPHHHHT OHHIt MapKaiu aHuKIAHATH,
2. Texuc INAKMHHHT TEXTHTH MakiTyM GY¥araH HyKTaCHHHHT OHMH paHyCcH
AHMKTaHaQH B2 TEUTHK MOMYHHH OHHi paguycra 6¥1m0, Texne WakiHHHE
Oypyak Teaaurd TonHNagH.
3. Terxnc maxaHHHr Gypuak TemarHHn OunraH Xonna, Cypaimral HyKTaHHHT

TE3NHUIrH AHMKTaHaOH,
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6) Texuc waxn HYKTATAPMHMHI TEINMKJAPHHHT OHHH MapKasu OpKanH

AHHKJIAI,
2.3.2. TexHe IWAKN HYKTANAPHHHET TEMVIANHULTADHHA AHHKNAam

} BN
Texknc makn HyKTANapHHUHE TeINaHHIYIapH opackHaary GornaHuin Kyiugaru

TeopeMa EpaaMHaA AHHKNAHANK:
Teopema. TexHc 1wakn HXTHEDHIT HYKTACHHMHT TeWIAHMIIN  KyTOHMHT

Tesnammmiy Gmnan  maskyp, HykramumHr KyT6 atpodmnard afinanma xapaxart
Te3NAHHINHHHHT TEOMETPHK HUFHHIHCHT TEHT

ﬁn=&n+&’“=ﬁa+&§4+ﬁ§4=ﬁd +£_x'jﬂ+ﬁ'xl_"“ (2“1)
Byuna:
@bs = AB 8z, Ay =AB-0? (2.112)

G, TCUAHHIHHHI MOMY/H Ky MOaruYa aHHKNAHAOH:

Gpa = J(@5)% + (@34)* = ABVeZ ¥ 0* (2.113)

2.3.3. Texmcnuxka napawien xapakaraa 6§ran RncM HyKTamapusauur
TEVIHK BA TELTAHHMIAPHHA AHHK1AIUCE JOHP MACANAIAPHA e9HIN YaYH
yorybuil k¥pcarmanap

Texucnukka Tapavien Xapakataa OynraH  ®MCM  HYKTANAPHHMET
TeUaHMIIapHHH AHHKIAUIra [OHP MacananapHH KyHunard Ttaptubna ewsin

TAaBCHN 3THNAIH.

1. Texnc maxnm HyKTanapH TEAUTHKIADUHHHT OHMIT MapPKAIMMM AHHKJIA
ycynnapunaH ofinanannb, GepwnraH Macanaga, TEKWMC WIAKN HyKTanapw
TEATMIUTAPHHHHT OHWH MApPKA3H AHHKJIAHANH.

2. TexMc WaxT HyKTANADH TEUTHKMADHHHHI OHHHA MapkasHHM Guiran xosna

WAKTHHHT HypUax TEUTHTH aHHKaHARH.

106



3. Texuc waxnauar Gypyak TEUTHTHHH OHAraH xonga, TeKne Ak HKKHHYUH
HYKTACHBHHT GHpHHTH HyKTa atpodmaarn ainanma XapakaTHOATH Mapxasra
HHTHIIMA TeaNnaHHIUH TOMHIAOH.

4. MxkmHun HyKTara YHHHT TelNaHHIUMHH TAWIKWI 3TyBYH Teinauvunap

BeKTOpNIApH Kyiinans. Arap Suprran HykTa 4, HKKHHYH HyKTa B 6¥nca:

(g =d +@gs = a5 + d} +dpy + dga. (2.114)
5.Koopnumata yxmapymm ¥rxasub, OKopHmarM BEKTOD TEHTTHKHHHT Xap
HKKH TOMOHH KOOPOHHATA YKJIapHIa NpOeKUHATaHAH,
6.XocHn 6Y/IraH MPoeKMANAp TEHTIAMANAPHAAH HOMABITYM (54 Ba dpnap
AHHKIAHAIH.
7.TlpoeKumanap TeHrnaMaNapuuaH TONWaraH (g TEIMNZHMII MOMYIMHH

GHIran xpJiIa, TEKHC maK OypHaK TesJlaHHITY aHHKIAHATH!

ap, = £-AB, @2.115)
Bynnan
Apa :
£ = :
AB (2.116)

8.Texuc waxkn Gypuak TewmurH Ba Gypuax TeaMaHMIIMHH GHIraH Xo/ua, TEKHC
maKn HyKTANAPHHWHT TEANaHMULIApH XAKHOATH TeopeMa €piaMuua, cypairaH
HXTHEPHHA HYKTAHMHT TEANAHUIIHK AHMKIAHAOH.
Hrox: Texuc waknna, Gy Ba dp, napHHHr moxyatapudd B wyxrana
TaHnasras macmrabza umIMAraH, TOMOHMApH TAMKWI JTYBuH TeINAHHILNAD,
&IyBYN TOMOHHM 3Ca HYKTAHUMHT TeanaHumy 6¥nraH xyn 6ypyakaas, rpadHk ycynna

AHHKJIALL KAM MYMKHH.
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2.3.4. TexHCIHKKA NAPA/LIEN XAPAKATAa ¥ Arad RHCM HYRTANAPHHANHT
TEIHKNAPH BA TEITAHHILIADHHH AHMK/IALLITS JOHP MACANANAP

I-wacana, PanuycH ry= 30 cam. O¥nran runoHpak HYJHMHT TYFPH YM3INKIH
rOpM3oHTan y4YacTkachga cHpraHmail nOymanaiion. DBy naiftaa  Fuoppax

MapkasHHHHr Teanuru 9,=350 avc, Teanamimu a,=30 wel AC=10cm.

Funoupak B Ba C HyKTranapHHWHT
TEITMTH BAa TEANAHHIUH AHHKIAHCHH
(2.11 a-pacm).

Euuu:
I. HykranapHMHr Te3NHKJIApPHHH Ba

FHAMPAK OypYax Te3KHIHHH AHHK/IALL,

Macana wapTna FHnaMpak Mapkasd A

2,11 a-pacm.

HYKTAHHHT Teairn ¢ Oepuras.

FunowpakHHAHr K¥Y3IFATMAC YH3HKXA TerHb TypraH HyKTacHHHHI TeaJMrH HOoMlra
Terr 6¥nmmncababnyg, FHIOHPAKHYKTANADHMTEANHKIADHHHMHT OHHHA Mapxas wry
YPHHHII HyktacHOa étamM (2.11 B-pacm).

Depunran ohga FHAOMPAK HYKTATapH Te3NIMKIapHHHHr OHWA Mapxasu [T
HYKTaHH KyTO ne6 oncak, FHIOHPaX HYKTAMADHHMHT Iy OHOANH TeiNMKJIAPHHH
ouMii Mapxas aTpodHma aillaHma XapakaTaar: XKHCM HYKTANADHHHMHT Te3/MKIapH
KabH aHHKnam MyMKHH Oynanu:

, = - PA
Py —ar - PEB @117
P = - PC
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2.116-pacm.

Eéxku

B oy S (2.118)

PA_PB PC’
Macana mapTvra kipa:
PA =r = 30sm. PB va PC masofalarni 4.519 — rasmdan aniqlaymiz:

PB = Jr2 + 12 — 2r2cos45° = 22,8 sm; (2.119)
IOyHWHTr yuyH
9y = ——-—~'9"‘};::B =38,1sm/s; (2129
9. =%=66,‘? sm/!s. (2.121)

Fungnpax HYKTANADHHHHT TEATHKIADHEH FUIAWPAKHHHT OypUYaKk Te3IHrHHH
AHHKIAL OPKANH XaM TOIMHIN MYMKHH:
Uy =w, - PA @.122)
ByHnan,
50
W= w,=_2="-=167 paz/c. (2.123)



Bypuak TEINHKHHHT H{HAMHIOH 1;4 iyHanmuH opxanu aHHKnaHaay (2.116-
pacM),
ByHnaii xonna, rungupak 5 pa C HyKTanapHHHHT TEIIHrH KyHHgarunapra
TeHr 6¥nagu;
%=, -PB=167228=38] smis.

3(: =.ﬂ}‘.-PC=1,67.¢0=66,73m,3‘ (2.124)

. Furdupax HyKMaIapHunz Me3NaHUNLIOPY 68 ZUAdupax GYPYax me3Nanuiiuny
aRuKIaN!.
Macana mapTiga A HYKTAHMHT TEIJTAHHION a, DepunraH,

Texnc waxn HYKTANAPHHHHI TE3MAHHLINADH XaKHaard TeopemMara acocaH:

o |
Bynna A Hykta Kym®6 cudatupa Kabyn / )

uanm. Pumupaksuur 4 KyT6 atpodmna / :

afinaHMa XapaxkaTHaa B HyKTACHHMHI Mapxaira 2{ |

HHTHIMA HOpMan TeinaHHIUH WFIH.E&I'H‘[E

aHMKIAHATH! 8,

2.1lc-pacm,

dp =wi - AB = 83,7sm/s* (2.126)
@3, BexTop B HyKranan A HyKTara ToMoH HyHANATM.

Funnupakuunr 4 xy6t atpoduma aiinamma Xapaxatuna 5 HYKTACHHHHr
afinaHma ypHHMA TexnaHHITHKYHunars dopMyna acocHAa aHHKIAHANH,

ap, =, AB. (2.127)

By ndopana 32~ rungvpakmunr Oypuax Temnannmu.  Bypuak Teanammm

Taspuiura xypa
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Frunaupakavnr Gypuak TeaNaHHITHHH AHUKMaHMHI:

dwg d UA 1 db" ﬂA 2
% = Tdr =dt(PA BAdr ™ BA T TS (2.128)

Bypuax TeinaHWIIMHMHT HyHATHIOH &A BEKTOp HyHANMINH OpPKAMH

AHHKIAHAIM,
B wyxtanumr A Hyxta artpodmna aiinanma XapakaTuna afnaHma-ypHHMa

TeTaHHLITMHHHI MHKGOPHHH aHHKNARMHI!

af, = £, AB = 30sm/s? (2.129)

@} .BEKTOD FWINMDAKHMHI 5 HyKTacHra £y HAYyHAIMIDHAA YTKa3wiraH

ypHHMa 6¥iinab itfmanagu (2.1 1c-pacm).
B HYKTA TE3NaHHIIHHHHHHIMOLDY THHH npoexuManaw Hymn  Ghmal

8HHKNAITMHU3 KoOpaHHATA YKAapHHH 2.1 1 B-pacmparnaex ¥rkascax:
{ag) =a}, —a,c0s45° =30—-30-0,71 =8,7sm/s?; (2.130)
(agl=0aj, —a,c0s45° =837 130-0,71= 62,4em/s®; (2.131)
Bynap opkam1 SHYKTa TeaHHIMHUHI MOTY MKy Haariva aHHKTaHaH:

as ’(a,)x + (a2)2 = /75,69 + 3893,76 = 63sm/s? 2132

Funanpak C HyKTACHHHHT TEANAHHITHHH AHUKITAAMHA.
Teknc wWakn HYKTANapHHHHT TEITAHHILAAPH XaXMAarK TEOPEMara acocaH.,

a =d,+a.,, (2.133)
éxn
G =dy+dg,+dge (3134
Fronoupakuuar A xyrG atpoduma afinamma xapakathga C HyKTacHHWHMT

MapKaira HHTHTMa TeWTAHHTIMKY H1aruya aHHKIaHaH,

aml = wZ-CA = 16.7%
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Masxyp Teanansiu C HyxTanas A HYKTa TOMOH ifyHAnaqH.

FunoupaxuuHr A kyT0 aTpodHaa afinanma xapakatima C HyKTacHHMHT

aiinaHma ypHHMa TeInaHMIOH Kyfunark4a xHcobnaHamH:
az, = g,-CA=10 smfs?. (2.136)

Maskyp Teanamwm C HyxTana apy ra o, M
1IN

nepneH-AUKYIAP Xonaa £5 TOMOH AyHanagM. 3
o
& A
a,

dy,, % ;sexropnap 2.11 r-pacmna KypcaTHaraH. zy/

C MyKTAHMHT TEINAHNLIHHH XAM NPOeKLHATALI
#ynm 6unan apnknanany, Koopnuuara yxnapunn &,

C HyKTaHMHI TeaNaHHIUIHHH XAM MPOEeKLHANAL

2.11r-pacm.

iy nu 6nnaH anmgraHand. KoopauHarta yxnapyun 4.510 pacMoardaex yrkascax
(ac)r = —ﬂ“_‘ ﬂ;‘ = _30_ 10 = _405'”}‘2 (2_]37]

(a.), = —aZ, = —16,7sm/s>. (2.138)

Bynap opxan#

a. =.J(ac)i+ (ac); = 43,34sm/fs®.  (2.139)

2-macana, MexaHuIMHHHT GepunraH

xomamy  yuyH A, B,C  Hyxranapumuur
TEAUTHKIADH Ba TEANAHHILIADH XaMmOa LIy
HyKTanap Ttermmnd O¥iraH 3BEHOHHHI
Oypuax Teaumurn Ba Oypuax TemnaHMIH
TONMHACHH (2. 12-pacwu).

M da:xyi :
acanada:Kyiinoard KaTranuknap Gepunran 2.12-pacm.
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0A=40sm, AB=80sm AC=30sm, (40
weq = 210dfS., £,y =6Tad/s®, (2.141)

Evuu

1. HyxTanapaHar Teznunapiad Ba AB inenonnur Gypaak TesTHruan
AHWKIATI.
Mexanuamuunr Gepunran xapaxatioa OA xpusownn A  namxacw

TEMUTHHHHT MO THHHM XMCoDnaiMu3;

U4 = wp,"0A =240 = 80 cm/c. (2.142)

A nykramusr Teamurm O, 04 KPHBOLIMIIAa [EPNEHAHKYNSP XO0/aa,ley
tnammin 6yimya ifnanagn.

B nonsymmmnr Teanmru ropwsontan Xonma B myxranam A myxra ToMom
fiHanraH. VHHHr MORyTHHH aHHKAam Y9yH AN 3BeHO HyKTanap TeiTHKIapHHHHT
OHHIT Mapkasupgan dofinananamms. A 3BEHO-IATYH HYKTANAPH TEIMHKIAPHHHHT
ounit mapxasu P,z A sa B wyxranapnaw, ynapummr U, vail, Teanuknapura
¥TxasnaTaH nepneHaMKyIANapHHHT KECHINraH HyKracHaa éramM,

ByHnait xonna A HMykTaHMHr TeanMkHHH AB 3BeHAa HYKTANapH TETHKIAPHHHHT
OHHMii MapKa3H OPKANH Kyinariua Hgoaanamns My MKHH.

‘81 HMAH-BP-RR' (2143)
Bynpait xonna AB wotyn Gypuax teandry Kyiaars ndonanaH aHmcTasany.

)
Wep = ;;:—i (2.144)
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@ 4 g HHHT T HATHIIH 543emp HyHanumy opxany aHuknasanu (2.12a-pacu).

2.12a-pacm,

Martynu B sa C HyKkTanapH TeITHKNAPHHHHT MOIYJUIAPHHH Ma3Kyp HYKTalapHHHT
oHMii Mapkas P HyXTa aTpodHmars aiUlaHMa XapaxaT TeanukiapH xabu

arHnaiiMna. HIyHuHT yayH
ﬂj = (ap 'BPA!, 'ch = {5 CPAB' (2]45)

AP.g, BP,3. CPyg macodanap wmsmagarn ABF zea ACF,z yuOypuaxnapnan

Tormnnanm (2. [ 2a-pacm).

AP, =—2_=160sm BPyg = APy sin60°=137,6 sm; (2.146)

cos60®

CPug = J(BC)? + (BP,g)? = /2500 + 189338 = 146,4 sm. @2.147)
Hxopyunarnnapun suTHOOpPra oncax:
mAB = 0,5 Tﬂd/s;aﬂ = 68,8 m,"s, ‘l?c = 73,2 Smfs, (2143)

B nexrop CP,g xecmara neprneHgHKynsp xonna, @, HYHANTMIOH TOMOH

fganran (2.12a-pacu).
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BakapunraH XHcoDMAIUNAPHHET TYFPWIHTHIA MIUOHY XOCH KMIIHLI YUY H, B
HYKTAHWHT TEITHTHHHM, TEKAC INAKN MKKH HYKTacH TeumMKiapHHHHT Oy
HyKTanapmaH ¥%Tys4d ¥YKOard [POeKWHANAPDHHHHI ¥3apo TeHIIMIH XAKHOArH
TeopeMagaH cpofinananns aHuxnaiiMns.

Bynunr yuyn Y yxuHH wmaryn G6yitna6 B wyxranan A Hykra
TOMOHITYHANTHpaMK3, Teopemara acocaH:

9, l:os(lfi:4I y) =¥ cos(ﬁgy). (2.149)
2.12a-pacmpan:
0, c0830° = B , uymicu cos(F,"y) = 1 (2.150)

Hemax, 9 = 68,8 cm/c, xucobnamnap Ti¥pr GaxapuraH.

C uykramunr assan Tonmnranm Temmru U, XaMm ury Teopema épaammna

TEKIMPHTHLITH MY MKHH.

2. HyxkTanapuRHr Tvesnanmumuiapan sa AB 3BeHOHHHr Oypuak
TEINAHAOTHHH AHHKIALL,

A nyxra O nyxra atpodmaa aitnana 6yitnab xapakartnaHmmy Tygainy yHHHT
Te3NaHHWIOH afilaHMa YPHHMa BA Mapkaira HHTWIMA HOPMAT TelNaHHIINapIaH

Tawkwi Tonams (2. 126-pacwm).

a -

&, % Iy
A &}‘ C EI a.ll B
Epa dg -
ay a:
27
2.126-pacm.
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d,=a;+aj (2.151)

ByHna:
a, =&y, 0A= 240 cm/c% 03" = w), - 0A = 160 cm/c®>.  (2.152)

&:"t sextop OA xpusowHnra nepneRaMKynap Xonna,fo, AyHanuum 6¥itMua
fiynanann. @) sexrop A uyxranan 0 uyxTa TOMOH iyHanamu.

Texuc waxn HYKTANApHHHHI TeTaHHINADH XaKHOard Teopemara acocaH:

- -
dg = Gs + dpa (2.153)

i, = +a; +ay, +a3, (2.154)
Byuna Tesnaummu d, manmym 6¥aran A HyxTa KyT6 ne6 onmuan.
AB watyunnnr A xyt6 atpodmmarm aiinawma xapakatmna B myxkrammur

MapKaIra HHTHWIMA TeUAHHIM KyHHaardra TeHr 6ynagu:

aps, = wip-AB = 20 w/c?. _ (2.155)

4y, sextop B uyxranan A

HYKTa TOMOH ifyHananu.
3 dg B
B nyxranunr teanarmmm dp sa B PR

Hyxrauunr A kyT6 atpodmnarn a5, i

QA
aHnaMMa XapaxaTHOANH afiflanma
Teananuuy @5, napHHHT Gaxar a% =

Bga
HYHAIHII yM3uKIapH MabiTyM: dg
2.12c-pacm.
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ropusonTan, Gy, ca, AB warywra nepnemamxynsp HyHamrad. YmapHHHT
KypcaThiraHd iyHarHm 4H3MKIapH OYinab kaficn TomoHnapra AyHANHILTADHHH
mxThépuki Tannab onamna (2.126-pacm).

Mazkyp TeznaHuuIapHHHr MogyJsuiapH (2.154) pexTop TEHTTHKHHHI KOOPOHHATA
¥K/IApHTa NPOEKTCHAIAPH TeHriamanapHzaH aHHknaHanH. YasoGHuHr Muiopacura
Kapab, BeKTOPHMHI XAKMKHIT MFHATHIIHHY, XHcoOnamaa Kabyn KWIHHIAHHra MOC
KeNMHIIH EKH KeAMAc/MrH aHWKIaHagH. X Ba Y ¥KNapHHHHT HYHATHIDIApDHHH

2.126-pacmpa xypcaTinraHaek ¥Tkasnb, KyAHOarunapHH XOCH KHIaMH3!

0 = —ajcos30° + a}cos60® + aj,; (2.156)
ag = a}, + afcos60® + alcos30°. (2.157)
(2.156) nau:
a%, = a’cos30° —alcos60° = 17,6 cw/c’.
(2.157) nau

ap = 306,4cm/c’.

Kapobnapuunr wmmopanapu Mycbar. Idymsmr  yuyn Gz, Ba dp
BEKTOPNADHMHT XaKMKHIA  fiyHarumnapn, xucobnamza xabyn  xunxHraH
fiyHanuunapra Moc Kenap 3KaH.

AB watynuunr Gypyak TeanaHuUWHHH Kyinnarn GopMynanaH TonaMus:

Manmymxy,
az, = 45 " AB. (2.158)
bynnan,
o 2;; = 0,22 pay/c’. (2.159)

€45 HUHT fiyHanmy 35, BECTOP HYHANHILH OPKANH AHHK/IAHATH.
@z sa (j, napHuHr MOXY/UTApHHH rpadux ycynna B mykraga teananmmnap xiym

OypuarHHH YHIMI OPKANH XaM BHHMKJam MyMkHH. ByHHHT yqyH (1.6) ra acocax B
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HykTanan Gomna6, Tannauran macmtabna xetma-ker Gy, A5, na O 4BexTopnapHH
KyAMH3 (4.52c-pacm). @5 sextopuymr oxupy opkami AB watynra nepnenmmiymsp
XONOa YTKAIWITaH TYFPU MHIMKHK Qp TeINaHMIUHMHT AYuamum umsurd Ginax
KECHIIIYHYa OAaBOM ITTHpamu3. Maskyp TYrpH YH3HK Y3YHAMCH TaHaHTaq
macmTabna ﬁ';ﬂnmr MOOyNHHH  Mdonanafinn. 5, BEKTOPHHHT  MOIYJH
Teananminap Kyn Oyp4yarvHHHr Enyeyun ToMOHH xabhn aHnknaHagu. IIyHHHT yuyH
Kyn-OypuakHuHr EMYBYH TOMOHHHMHI Y3YHAMIH TAaHnaHraH wmacwiTaboa dg
Moy mHaK ndoanadign (2.1 2c-pacm),

€ HyxXTaHHHT TEANAHHITHHY AHHKTARMHI:
dc=dy+td =a; +a;+ai, +az, (2.160)

AB watynnmmr A nykra atpodunark afinamma xapaxatupa C HyKTaHHHT

aiinaHMa Ba Mapxaira HHTHIMA Te3NaHHULIAPH Kyfinnarnnapra Tenr 6¥nanu:
g, = Eap* AC = 6,6c0/C%, (2.161)
ag, = wip-AC =75cm/c®>  (2.162)

dg, mextop C HyxTanau A Hykra ToMoH fijmanamy. @ % BexTOp 3ca, A3, BexTOpra
NepneHnHKYNAp XONAa, £, 6ypaax TeanaHMIMHHKT HyHaMWH TOMOH HiyHamamH.
8 (HHHT MOZYJIHHH MPOEKTCHANALL YCyJTH GHTAH AHMKNARMHS,
ByHmur yuyn X ma ¥ xnapra npoexrcuanaiMmui(2, 126- pacm):
(8¢)x = +agcos60® —afcos30° + af, = =1lem/c; (2.163)
(ac)y = azcos30° + afcos60° + a}, = 293 9%cm/c>.  (2.164)

Hatmxana

ac = J(@c)Z + (ac)i = 294,1 cw/c™. (2.165)
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2.3.5. MycTaxua eqsm Y9yR Tanafanapra TABCHA STIIAAHTAR MACANATAP

Tonmnpuxk K-3.
Texuc MEXAHHIMHHAT KHHEMATAK TAXLTH/IN

Macana. Texuc maxn (Mexannam) 1,23 4 crepxennap pa B, E nonsynnapnan
uGopar. Banin mexanumsmnap 1,2,3 crepkennap ea B, E nonsynnapgaH Tawxui
tonran. Crepxewnap sa nonsywnap ¥3apo sa O, , O; xysranmac TasHwrapra
wapHuprap BocuTacuaa OupukTupunrad. JI wyxta AB  cTepxeH YpTacHia
woinawran. Crepxennap ysyunuinapn: 1,=0,4 M, =12 m, =14 m, 1,=0,6 m.
MexaHu3IMHHHI  TekHcnukgarn Xxonatn  a, f,v,@,0 Oypuaknap épnaumunma
awnknanagy. Bypuaxnap Ba Gomka Gepwirad KaTTanMkiap KHiMaTnapu 1-5
quamanap yayn 2.2-xameanna. 6-10 wmamanap y4yH 2.3-xagsannapia Gepwiras.
ByHaa w, Ba wy-Nap y3rapMac KaTTaNHKIAp.

MacanaHn euHIga aHMKJIAHMIIH fo3HM OYnraH xaTranuxnap xansauapna
K¥pCATHATAH.

Macanaun eummaa uMIMaHe BazMsTH  a Oypuax xuifMatH  opKanM
anuxiaHanurad 1-crepsxennan Gounam 3apyp. 6-10 apuantnapnax 6ypHax Teumk
Ba Oypuak TeanauuuUTap COAT MHIM XapakaT HYHWIHWHIA TECKapH XOmna
iyuanran, Vg pa @p xaTramacrap A HyKtanaH B HykTa ToMOH AyHanraH.

Hiox:
- TOMUMPHK BAPMAHTNAPH JXKATYBUH TOMOHHAAH DeprianH,
- Xnco6OT THTYN BADAFM HIOBANAH ONMMHAMLH.

2.2-xansan (1-5 pacsuiap)

Voo rpax Jaso Haftm
Houep a B b v L] Wi | o ] @ a i
yeaomu le | l'e | Towex | TBema TOYXR menn
1 ] 60 o 0 |10 ]| 6 - B.E DE B AB
2 90 | 120 | 150 | O 30 - 4 AE AB A AB
3 o | &0 0 0|10 | 5 - B.E AB B AB
4 60 | 150 | 150 | 90 | 30 - 3 AE DE A AB
5 o | 30 60 0 150 | 4 - D.E AB B AB
6 90 | 120 | 120 | 90 | &0 - 6 | AE AB A AB
7 o0 | 1%0 | 120 | 90 | 30 3 - B.E DE B AB
B 0 60 60 0 | 120 | - 2 A.E DE A AB
9 60 | 150 | 120 | %0 | 30 2 - D.E AB B AB
10 30 | 120 | 150 | 0O 60 - ] A E DE A AB

119



Bapmant 1

Bapurar 2

Bapuanr 3

Bapmant 6

120




Bapnaut ¢

Bapuamr 10
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1L JHHAMHKA

3.1 Moaawii nyxrannar refpanma xapaxkaTn

3.1.1. Moaawi RYKTAHHHI 3pKHE Tebpanma xapakaTH

Arap moanmi HMyxTa ne6 xabyn whnmMranm ssicmra GMp BaxTaa snuglop Ba
AyHamun xuxaraad yarapmac O¥araH  (GKHCM  OFHpAMrH) Kyd Ba  HYKTaHH
MYBO3AHAT XOJATHNa KANTApHINIA HHTIUTYEYM (3IACTHRNHK) Ky4 TabCHp 3ITCa,
MOZAHH HyKTa 3pKHH Tedpanma Xapakatna Oy nan.

Kaiitapysuu kyu f'=cx KOHyHra mysognk ysrapuwu myMinH, Oy epoa x-
HYKTAHHHI MYBO3AHAT XONATHIAH OFUILIH, € —NPONOPUHOHALINK Ko3dduimenTH.

M HyKTAHMHr KaifTapyBus F Kyd TabCHpUIArM TYFDH HM3MKMH Xapakar
muddepeHuMan TeHrnaMacH KyHHIars KypHHuuga 6ynaom;

mi = —cx (3.1}

arap -:-‘- = k2 Genrunaim KMpHTCax,

£+ kix=0. (3.2)

(3.2) nuddbepenunan TeHrnamMaHHHr yMy MU eSHMM KYFiHparka é3mnagy:

x = xgcoskt + %sinkt (3.3)

x = asin(kt + a) (3.4

Iywnaii xuamb, MONHA HyKTAHMHT SHIHKIH KAHTAPYBUH KyH TAhCHPHIATH
3pKHH TeOpanma xapakaTH rapMOHHK TeGpaHma xapakaTaaH nGopaT 6¥nap »xaH.

a= }x.,z $+EH2 (3.5)

Xapaxkatiunr Gownanruy dasacH

Tebpannm aMmnTygacu

Xk . x x
tga = -o—, sing =2 = 2

o © o frr e G
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#
cosa = ,—_J=. (3.6)
k a-°=+(5kﬂﬁ

¥

TeSpaHHILNTAPHHHT JOHpPABHii 4aCTOTacH

k= J— J_ @7

topmynanap épnamuna aHMKIAHALH.
Eaunran ndonanapna:
¢ — THKRaHHW Ko3ddmmeHTs (3TacTHIIHK Ko3thduumenTH),
m — EHCM MaccacH,
S — IPYAUHAHMHT CTATHK YP3HIMILIY;
g — 3PKHMH TylUMII TEIaHHIIH,
OpxuH TebpaHma Xapakar NappH KyHHOaryda aHHKTaHaIH:

T=2=2n J_-sz- (3.8)

3.1.2. Teyanuxnanr GHpHHIH AAPAKACHTA DponopuHoHan 6¥rad Kapmanax
KY9# TARCHPRAATH MOAAHH HYKTAHHHT 3pKHH TeGparma xapakaTn
(c¥uyBun reGpanma xapakar)

Arap momnuii HyxTa ne6 Kabyn KwIHMHray xHcMra OMp BaKTHHHT ¥auna
KaffTapyeu  (2nacTHKAMK) Kyw Ba  TeanuxHusdr OupHHuM  papakacura
nponopuMoHan G¥araH KapwHiuk XydH K = UV TascHp 37ca, MOBONH HYKTa
c¥HyBun (TebparMa éKH anepHogHK) Xapakataa Gynanm.

F sa R xyunap TancHpumars HyKTaHHHF XapaxaT QT hepeHUHAT TeHrnaMacH
xyfunarmua éannagn.

miE = —cx — ux 3.9)

TenrnaManuHT HKKala TOMOHHHH 77t ra 6iimG, Gapua XamnapHH 9an TOMOHTa

¥rRascax
E+2nt+kix=0 (3.10)
KYpHHHIIOAr# TeHrnaMmara sra 6ynamus. Tenrnamana

= K2,

R
EN R

= 2n. (.11)
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HyxTaHHHr XapakaT TeHrJamacHHM €3nm yyyH 7t Ba Kk xuiiMatnapuHu
aHHKNAIL IO3HM.

ByHna n=-"t; k=J-E= ’i (3.12)

a) Arap n<k O§nca, MoaqHii HYKTANRET CYHYBTIAR XAPAKATH KyHHIATH
xonyH G¥iiuua 03 Gepaau:

x = e™™(C,cosk,t + C,sink,t) (3.13)
éxn
x = ae "sin(k,t + &) (3.14)
Byxna
a= ’xg + (e, (3.15)
1
- Xok . . = ﬂ Y
tga = __Lv.,+nz'.,' sina =—2; (3.16)
CiHyBun TeOpaHMa XAPAKATHHHT HOMPABUH YACTOTACH
ky = VkZ —n?; (3.17)
XapaxaT ZaBpyu
2m
T, = oy (3.18)
dopMynanap épaamMmna aHHKNAHALH.
i 15§
e z ra TeHr 6ymran abGcTpakT con TeBpaHMIm NexpemeHTH Hefmnamm.

HexpeMeHTHHHT HaTypanm norapudMu MOOYNHMTA TEHT KATTANHK JorapudmMuK
JexpeMeHT nedHnani ea y /| Gunan OesrunaHagu:
P L14 § nTy

6) Arap n>k 6¥nca, moaamii HYKTa CyHYB9H ANEPHOANK XAPAKATAA
6¥nann ra (3.7) TeRrNaMaHRAr yMyMAi eanmn Kyiingaruaa é2naann;

x = e—fnt(clev'nz—kft + Cze—-’mrf) (3.20)
Ekn
x = Ae ™Msh(VnZ — kit + §) 3.21)
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Bynna C, Ba C, usrerpannaw ¥3rapmacnap ypHura 8; pa B; yarapMacnapHH

KHDHTAMK:

C,=252; =2 (3.22)

Ba B, Ba 8, naphy 6omxa A sa f§ Yarapmacnap 6mMnaH anMam THPAHK!
B, = Ashf, B, = Achf, (3.23)

(3.18) Tenrmamanan xypunub Typubmmci m>k 6ynAraH Xonma Hyxra TefpanMa
xapakatna Gysimaiiny, uynkd ranepBommk cuHyc ¢yHxumscH naBpHA yHKUHA
amac.

B) Arap n=k 6¥nca, HYKTaHHHI XapaKaT TEHIVIAMACH KYHHaarm
K¥pHHHINra 3ra 6§¥naan.

x=e™(Cit+C3) (3.24)

C; ma C,-mapHH aHHKNIAW Y9yH XAPAKATHHHT GOMNAHFHY IAPTNAPHIAH

dofigananamus, Hatmkana HyKTRHMHT XADAKar TeHIiamacH KyHHOarHya é3nnamu:

x = e ™ [x + (vy + nxg)t] (3.25)

By Tenrnama BocHTacKaa aHMKIAHAHIZH XapaKaT XAM CYHYB4YH ANEPHOIHK
xapaxatnaH nbopar 6¥nagw.

3.1.3. Moaamii nyxranrur max6ypuii Tebpanma xapaxatn

Arap momamit HyxTa ne6 xabym xHnuHraH sumcmra OHp BaKTHa XaiTapyBuM
KYUOaH TawKapH BAKTHHHI faepuii dyHKumscnaan nbopat 6¥nran yiroTyBYH KyY
XaMm TabCHp JTca, Y MaxOypHit Tebpanma xapakatna O nanm.

VitroTysuu xyd

Q@ = Hsin(pt + 5) (3.26)
thopmyna opxam MdoaanaHagH.

Bynna H — yiroTyBYH Ky aMILTHTYOACH,

P — yiFOTYBYM Ky9HHHT IOHDABHH 4acTOTACH,
& — yitroTysun kyuHHHr Goninanriuy galach.

-

F xaiitapysun Ba 5 VHFOTYBYH Kyd4nap Ta&bCHPMOArH MOLOMA HYKTAHHMHI
xapaxat auddepeHunan TeHramMacH Ky iHaard xkypunimna Gynanu;

mi = —cx + Hsin(pt + §) (3.27
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&kn
% + k*x = Hysin(pt + §) (3.28)
6ynna

=42 L =4, (3.29)

o
3=

P Ba X — NapHHHT KuitmaTnapy opxanu MaxGypHil TeGpaHmMa xapakaT Xammoa
HYKTaHHHE KaiTapysuM Ba yHFOTYBYM Ky'Ulap TakCHPHOArH Mypakkal XapakaTs
KOHYHIAPWHH aHHKJIAI MyMKHH;

a) Arap p<k 6ynca, maxOypuii TeépaEmMa Xapaxkar KyHHAArH KoMyH
acocHAA w3 Jepann;

Xyawg = E%’p—,sin(pt + 6')_ (3.30)

Hyxranunr HaTixaBhi Mypaxkal xapaxati 3ca KyHHaars KoHyH acocuaa 03
Oepanu:

x = Cycoskt + C;sinkt + k:"p,sin(pt +8) (331

Hurerpannam ysrapmacnapy C; a C, KuiMaTNapH XapakaTHHHT GOmMNaHTHY
wapTiapxuk (3.31) sa 6y Tenrnamanu auddepeHumMannawaan xocun Gynagurad
TEHrJlaManapra KyHHII OpKAt aHHKIaHARH,

6) Arapp >« 6ysnca, mamGypuit Te6panma xapaxar Kyiugars Kouyw
acocuaa o3 Gepagn:

Xyamg = —p,’_’_"kzsin(pt +8) (3.32)

Hyxramuir Hamiokaswii mypakxal xapaxaTh 3ca Kyfiumaru KOHYH acocHza

K03Ara KeJlagH:
x = Cycoskt + Cpsinkt — p,’i“kz sin(pt +8)  (3.33)

By xonna xam C;, C; uurerpamnaw ¥arapmaciapH XapakaTHHHT GOULTAHFHY
waptnapuuy (3.33) Ba Oy Tenrnamanu ouddepenumannampas xocHN b6¥nanxran
TEHIJIaManapra KyiHiur opKany aHHKTaHagH,

B) Arap p=x Gynca, maxGypmnit Tefpanma XApaKaT KyEnaar® KoHYH
acocuaa 103 Gepangn;

Xyas = — S cos(pt + &) (3.39)
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Eannran renrnaManan xypusuG TypubauKnH, p=x xonga maxOypHii TeOpanma
XapakaT annuMTyaacH BakT YTHIIH GHIaH BAKTHHHT 9H3HKNHN dyHKumacH cudaTHia
qexcH3 opTHG Hopap sxaH. By Xomicara pesoHaHc neffiLiany.

PelonaHc xonucacuna Maxdypui Tebpauma xapakat dazach yHroTyBYH Kyu
dazacunan % ra c¢apx kunagmd. Hykrauuur HaTkaenid Mypaxka® xapakaTH
KyHHOArH KOHyH acOCHOa K03 Depamm:

x = € coskt + C,sinkt — %ms(kt + &) (3.35)

By xonga xam C,, C; AHTerpajuiam ¥3rapMacyiapH XapakaTHHHT bominanrya
waptaapiuu (3.35) sa Oy Tenrnamanu muddeperiMannainad xocun Gynaniras
TEHT/IAMANApra KyAu OpKATH AHUKAAHAIH.

3.1.4. Xapaxar TellArura nponopuHoHaa 6¥1ran KapmamK Ky 1M
TABCHPHAATH HYKTAHHHT MAXOypHH Tedpansma XapakaTH

Monnuii Hykrara Kaditapysum kyy F, yiroTyBaM Kyd { Ba TEanMXHuHr
BupuHun papawacura nporopuxoHan bynraH R= —4¥ KApAUUTHK KyuM TaLCHpP
3TCA, HYKTaHMHT Xapakar gudbepeHiman TeHFNaMacH Kyingariia é3Hnaqm:

mi = —cx + Hsin(pt + §) — uf (3.36)
TeHrnamanymr Mxkana ToMOHHMHH m ra 6¥mb, Gapya xanaapHH 9an TOMOHTa
¥TKascak,
P e _H .
X+ +mx—msm(pt+6) (3.37)

KYPHHUIIIArH TeHrnaMara 3ra 6inamus.
Arap -:—] =2n, -;-:1- = k?, % = Hp GenrunaninapHH KHPHTCAK,

% + 2n% + k?x = Hysin(pt + &) (3.39)

nuddepertman Tenrnama xochn 6ynann. Byunaii xonga HyKTaHHHr Hamxasuii
Mypaxxab Xapakaru cyuysun TeGpanMa (Exi anepHogHk) Ba MawOypuH Tebpanma
XapaKaTnapaaH TAWLKH N TOMAIH.

Cyuysuu TeOpanMa xapaxar BakT ymumm GunaH cynub Gopumun Tydaim,
ManayM BakT YTrad, MOAOHH HyKTa ¢akaTr KyHuaarH KOHyH acocHna 103 OepyB4n
MaxBypuh Tebpanma Xapaxataa 0¥ namm;

Xwe = Bsin(pt + & — £). (3.39)
GyHna
B —maxbyphit TebpaHymunap aMIHTY JacH;
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P — refpanuumnapHuHr yHFOTYRUM KyY YACTOTACHTA TEHT
GynraH moHpaBHii HaCTOTaCH;
£ — maxGypwit TeGparnmnap dasacein yHFOTyB M Kyu ¢asacHra
Hucbarax hapkm.
TebpanMa XapakaTHHHr XAapakTePHCTHKATIAPH P Ba K HMHT KuiiMatiapura
GormuK Oynaon.
a) Arap p #* k 6¥nca

— Ho
b= e (3:40)

tge = =22 ' (3.41)

2np
J(kz 25 pZ)z + 4n2pz

kz_pz
COSE = m (3' -42)

MaxOypHit TeOpaHHIINAD HABPH

_m
r=Z (3.43)

Max6ypHit TeGpaHHILTADHHMHT MAKCHMAT aMTUTHTYAacH Kyituaaru dopmyna
DPK&ITH AHMKNAHATH:

sine =

M
= vak:—n, (3.44)

Byax
sap = vVkZ — 2n? yactoTana 103ara Kenany.

Monouii HyKTa MyXHT K2DIIMJIMTH Kyd9d Tascupuoa Gynca mawGypwit

k
Tebpanninnap dakar n < 75 O¥nraHma MakcHMan aMrjinTynara ra 6ynaom.

6) Arap p=x G6¥nca, pezomanc xogncach w3 Gepaau. Bymagh xo/aa,
mMaxGypui TeOpaRAIIIAPp AMILINTYAACH MAKCHMAA KHIIMATra SKHH KHiMaTra
Ira Oy naan.

_ Ho _ Mo :
Buax = Py e (3.45)

Pesonanc xoaucacuna dazanap dapxu %ra TeHT Gynann.

Iyss Taeskuonam NO3HMMKH, MaxOypmii TebpaHMULNADHHAT aMIUIMTYZAcH,
4acToTacH, gaspH Ba dalanapu cwmokdiun (¢apkH) XapakarHHHr GolwmaHrHY
maptnapura Gornuk O¥amaiinn, dyHkH MaxOypui TeOpamunap dakar yirFoTyBuH
Ky4 TaLCHpHAA 103ara KenaaH,
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Arap Monnmit HyKTara MyXUTHHHI KAPLUHIHK KY4H TabeHp ITca, MaxOypHA
TebpaHHWNAapHUHT  amiTHTymacH Ba  Gazanaps cumxawn  (papxx)  Hyp
k0od¢HUHEHTHHHHT KHitMaTHra GOFHK 0¥ nann.

3.1.5. Moaanit ayxrannsr Telpanma XapaKaTHIA QOMD MACAIANAPHA e9HIN
TapTubn

Monnuit HykTaHuHr TebpaHMa XapakaTHHH ¥praHHuira OOMp MacalaiapHH
Kyliuparn TapTH6aa eanm maxcaara MysaodHK B¥nanw.
1. Tpy:;xuHanap cucTeMacHHM (Macanana 6Hp HeYTa NMPY>XHHANAP KATHAIICA)
ynapra 3kpHBafneHT G¥nraH npyxMHAra anMalITHPHII.
2, Mogauii HykTa TeOpaHMa XapaxkaTHHHHT Oomutakryd IMapTNapHHH

aHHKAL.

3. Moanuit HykTa (3KHCM) XapakaTHHHHr AnddepeHiHan TeHrnaManapHHH
Ty3HLl,

4. Ouddepenuman TenrnamanapHu ewnb, HYKTAHHHT XADaxaT KOHYHHHH
AHWKAL,

5. Moanuii HyXTa XapaKaTHHHHT FPafMrHHH TY3IHIIL.

3.1.6. Moaasii myxranuur Tebpanma xapaKaTHra JOHP MACA/IANAP EXHI
HAMYHLTapH
3.1.6.1. JxBHBAIEHT NPYAXHHAHHHT DHKPARK KOYDPHIHEHTHHH AHHKAAWTA
AOMP MACANATIAPHH £9HII HAMYHAJIADH

TIpy»uHara ocHnraH >xHCMHH Momauii HykTa neb Kabyn Kuncak, #HMCMHHHT
npyxHHAZarH Tebpanma XapaKaTH MOIOHH /
HYKTaHHHr XapakaT cudaTuaa KapanagH.

Arap wMmacanana monawii HykTa cHaTHOA
Kapanaétrad IKHCM T[PY:HHAIap CHCTEMacHra g Ca
GHpUKTHpHATAH O¥nca, macanaHH euMmpa OMpHHYH | ;
HaefaTaa, MpyXKHHAnNap CHCTEMAacHHH  ynapra c %
JIKBHBANIEHT 6¥nraH npyXWHa GHMaH anMamTHpHIL
nosuM O¥naagu. Bynoa Kyingarn xonnap O¥axmu
MYMKHH!

3.1-pacm.
a) Mpyxunanap napannen xo/aa YJIaARraH

(3.1-pacm ).
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Byunail napannen xonga yJAaHraH npy»XHHanap cHcTeMacH OHKHMpAHK
ko3pduuHeHTH Npy:KUHAnap GmcHpanKk xkodddHUHeHTIapHHA HHrMHONCHTA TeHT
6nraH NpyRHHAra 3KBHBAIEHT Gy nanu:

C=C1+C; (3.46)

Byuna M sxncm LL ropusodTan TaxtawawmHr N Hykracura ocmuarad. LL
TaxTaya TOPH3OHTAN XOAOAa KOMMMH Y4YyH (; Ba @ wmacoganap HucOam

NpyAMHanap OHKMPAMKNADHHHMHI TeckapH HucbatH xkaGu yyyryryy.
6K TO3HM,

fi .. G

a; G 349
C,
6) Npy=nnanap KeTMa — KeT YIaAran
(3.2-pacm). C->
ByHaail mpyxuHanap cucteMmacy SHKHPIIHII:
San2 3.48
Cl +C2 (3.48)
6§nran GuTTa NpyXHHArA SKBHBANEHT G¥namy. 3.2-pacm.

e) Hpyxusanap xucmra 3.3-pacmia Ky pcaTniiras maKnga
GHPHKTRPH/ATAH,

By xonaTtna Xam npy»sHanap cHcTeMacHra
3KBHBaNEHT GYAraH nNpy»XHHAHHHT ODHKHPAHIH Kyfingarura TeHr 6¥nanu:

C=C+Cy (3.49)

Haox: (3.47), (3.48), (3.49) dopmynanap npymxuHanap C,
rOpH30HTANn EKH XHMX XONATAAa J>ROjUlaliraHoa XaM YpHHIH
6ynamu. C:

Kyitvga yu Ba yHEaH OpPTHMK NDYXMHANAp CHCTEMACH
KATHAIIraH Macananapii Kypub ynkamui. Byngail mypakkab

Macananap XxaM KypHO YHKHIraH Macananap kabH eunnanH.
3.3-pacm,
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1-Macana,

3.4-pacmpa  Kk¥pcaTWAraH = NPYXMHANAP  CHCTEMAacHra  JKBHBAICHT
MpYXKHHAHHHT OHKHPJIHMIH aHHKIAHCHH.

Bupumun  nasGatoa  napaanen  npy>xueanap ,
CHCTEMACHHH YNapra 3KBHBANEHT pa GUKHPIHIH
c'=¢ci+C, (3.50)
6ynran npyxuHa 6mnan ammamrtwpammi. YV naiitna
Guxupmiknapu C' pa C3 6¥nran, xetma-xeT ynamras

Cy z

TpyXHHanap cHcTeMacura sra  6ynmamui.  Bywpait
CHCTEMAra 3XBHBANEHT O¥/ITaH NpPYKHHAHHHT BHKUpAMK

ko3pdHureHTH Kyiingarura Tenr 6ynanu;
3.4-pacm.
— CG _ (G+G)G

TCHCG | GG

(3.51)

Kypuru6 Typubmwxu, 3-4-pacmna xjpcatwirad yuara nipyXHHanaH wbopar
cicremMa Ouxupnuk koagdmumentn (3.51) dopmyna époamuna aHHKnaHamuraH
Npy>KHHara sxeHBaneHT Gynap axas,

2-Macana.

3.5-pacMpa  Kkjpcatmiaran yuta npyXuHanaH HGOpPaT  npyRHHANAp
CHCTEMAcHra IKBHBRNEHT

NPy KHHAHHHT GukupIK c Cs
K02 PHLMEHTH AHMKTAHCHHA. c, y
By Mmacanaga xam GupuHum
Has0aToa, xeTMa — KeT ynadraH
npVKHHANapra IKBMBAEHT
NpVAHHAHHHT OHxHpaHK 3.5-pacm.

ko3t pHUMEHTHHH aHMKTAHMHA:

t _ GG
c GiC, (3.52)

Hamwxana 3.6-pacmaa xypcarunran OpyaHHanap cHcTeMacHra ara Gy namms:
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Bynpait npyxuHanap cucremacH GMKHpIMK x03ddrimenTH

C=cC1+C (3.53)
6¥nran npysxuHa OwiaH anMmawTHpILTATH g
(3.52)im  >wTnGopra ONCaK, JKBHBANEHT L
npyxnHa  OHKMpAHMK  x03(HUMEHTH yuyH
Kyhnnars nionara sra 6inamns;
3.6-pacm.
s Czc:l C
C= ey + G (3.59)
3-Macana. 3.7-pacMOa xypcatwirad  TYpT c, C» C,
npysxHHanmaH x0OpaT mpyxHHManap CHCTEMAacHra
IKBHBRIEHT MPYXRHHAHHHT Gixupavk koaddHLMeHTH W
AHHKNIAHCHH: ‘
bupuruu wasbatna napannen ynanran, Guxupmik
xo3pduumentnapn C3 sa C4 6ynran npyxuuanapHu
JXBHMBATCHT MNPYXHHArAZ aTMamITHPaMH3. JKBHBANIEHT
3.7-pacm,

NPYXHHAHHHT OHEHPIHK XoadpuiHeHTH
= C3+Cy (3.5%)

Hamxana 3.8- pacmaa KypcaThirat
TpYkHMHANAP cHcTemacHra ara G¥namms. By cucremapa
OMKMPNHK ko3HIeHTNApH KeTMA — KeT ynaHrax

Co, c’ Oynran npyxuHanapHu ynapra 3KBHBAneHT
O¥nrax pa GHKHpIMK KO3 dinpenTH

C.rr e c’ [ i (C.__l-i*(".,) [
'+ G, Ca+C3+ C,

(3.56) c' c"

6fnran npyxuHara anmamTHpamMus.

Byngaii xonma  3.9-pacmna  xypcatunras
6mxmpinx  koadpmmentnapn C; sa C” 6ynran
NpyXuHanap cucTemacHra sra Gynamms. Byngait
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MPYKHHANAPD CHCTEMAaCHIa J3KBHBANEHT NPYAHHAHHHT OHKHpAHK k03¢t pHIFIeHTH
Kyfinnarura TeHr 6ynagn:

_ (c +C4)'Cz
C=c¢+ J“_cz+c3+c4 (3.57)

Hiox: Macananap CH Gupnuknap cuctemackma ewwica, OGucnproix
xo3dduunenT™ 1M — na Yauanamy.
H H H
Macanan C —5;—5—1——500;.

100

3.1.6.2. Moanuii HYKTAHHHT JPKHAH TeGpaHMa XAPAKATAra JORP MACANAJIADHA
eTHII HAMYHANAPH,
1-Macana.

Maccacu m OFiraH 0K KHA TEKHC/IHK
6yinab (a=30°) GownanrHu TeanMkcHs S —
macodanu VTHE, GHxHpIHK kodddHLMEHTIApH
€;,C; 6ynran pedopmaunsanaHmMaraH xeTMa —
KeT ynaHrad mnpykunanapra Gopul yprnanm.
byuma 10Kk KeifHHIH XapakaTH HRasoMAOa
TpyXHHanapaaH axpanmalinn fe6 d¢apal xwmHcuH Ba TeGpanHma Xapaxar
TEHrTAMACH TY3WICHH. FHOKHMHMr TeOpaHHin amruiMTydacH, AOMpaBHH YacTOTAcH,
naepw Ba GomnanrFig GasacH XaM aHHKTAHCHH.

3.10-pacM.

Ci= Cp=1_,m=0,5 kr, S=20 cu=0,2M IxaHMArH 35THOOPra onmmCHH (3.10-
pacm).

Eaumn,

a) [Ipyaxananap cucremacHin JXBHBANEHT NPY:RHHA Gunan anmawrupamns,
JKBHBANIEHT NPYXHHAHHHT BUKHPINK Ko3hDHLIHEHTH KyHHIArHYA AHNKIIAHAIH!

c=%=0,5 £=505 (3.58)

0) IOk  Tebpanma XADAKATHHHHT
SomNanFRY WAPTJAPHAR AHHKIAAMHES,
ByHuHr yuyn @ JKHHH KHR TEKHCITHKKA
napamien Xo/ana OKHHHT XAPaKATH TOMOH
nactra ifiyHanmupamsa (3.11-pacm).

M oxuuir LB yuacTkanary xapakaTHHH
¥pranamus. By yyacTkana M loxra oFMpnMkx

-

Ky9H G, KU TEXHCIHK PEeaKuHACH N TaLCHD
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stann. [yHuHr yuyH 0K XapakaTHHuHT auddepesinan TeHrnmamacH KyHwgarn
KypHhnwHaa O¥nam:

mi =G, + N, (3.59)
Jlexun
G, =0Gsina; N_=0 (3.60)
WYHHHT Y4yH
m¥ = Gsina = mgsina (3.61)
&kn
¥ = gsina (3.62)

TeHraMaHHHT 9an TOMOHHHH Ky/HOArH4a é3aMu3:;

L LT L (3.63)

Y nafirna (3.62) xyHunarn KypuHnmna €3wnany:
dv ,
v— = gsina (3.64)
Arap (3.64) HuHr UXKK ToMOHMHM dS ra KynadTupcak, ky#ngarn ndonara ra
6¥namns;
v-dv = gsina-dS (3.65)
(3.65) Tewrnamamn M woxkmuHr LB yuwacTkamard GOumimaHrHd Ba OXMpPrH
Xonatnapura moc verapanapu G¥itmua mHTerpannacax xyHumparnm udopara sra

G namus;

= = gsina-s (3.66)
éxH
v? = 2gsina-§ (3.67)

By udonanax

v = .[29S sina (3.68)

AHHKIaHTaH V TEUTHK IOKHMHI B HykTana npyxuHara ypwirad naiitgars
TEANHrH, 73HH M 10K Te6paAMa XapakaTHHHHT GOUUIaHIHY TENHIH XHcoOnaHaAnH.
(3.68) ra S Ba a — nap KHilMaTHHH K¥Hicak, Ky iiunaru HaTHxara sra Gynamus:

Vor = Vo = /2gsina-5=/2-9,8-0,5-02 = V1,96 = 1,4= (3.69)




M 1okHuHr GounaHFHY KOOPOHWHATACHHH 3-11 pacmaaH aHuknaiiMui. Pacuna
AB wMmacoda npyxuHaHnnr TabuuH y3yHnurusn  udomanaiinn  (npyaHHa
OedopMmalimananMaraH).

M ok aedopmaunsnaHMaraH npyxuHara ypuavmM cababmH  yHMHT
Gownanruy xonatu M, B Hyktara moc kenanu. Pacmaa 0 HykTa IOKHHHT
OpY)KHHANArH CTATHK MYBO3JAHAT XonatnHW udoganadinn. By Xonatma npyxmsa
cuxmuira (nedopmaunananran). [Ipyxuna ckimum 80 = fo

My HHHT YUy H

Xy = OMy = 0B = —f, = —7&2 (3.70)

Hemax, M 1ox Tebpanma xapaxaruHuHr OOLUNaHTHY LWAPTNApH KyAHparw4a
Oynap >xau:

to=0 ma xp=-—f= _.L“_in?____ —0,049 M
Vor =V, = 1, 4M/c (3.71)

B) M ok Tefpanma xapakaTHHHHT AHQ depeHLIHAN TEHINAMACHHHE TYIaMH3.
3.12-pacmpa oxHuHr Ox yxunaru uxTeépuil Xonati M opkanu GearunaHrad.

By xonatoa 10k OFMpIMK :cytm-ff, KHA TEeKHCIINK pea,lumncu-ﬂ" BA MpYKMHA
INACTHKIIHK xqu-Ft,mn TakcHpHAA O¥nanH.

3.12-pacm.

10k xapaxatnuunr guddepeniman Tenrnamacu KyHumarn kypuHmaa 6 namH:

m¥ =3 Py (3.72)
EKH
mx = Gy + N, + 27T (3.73)
Jlexkun
G, = Gsina; N, =0; PP = 30T (3.74)
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IdyHuHr yuyH
mi = Gsina — F¥™" (3.75)
ManayMKH,
FAMT = ¢of (3.76)
Bynma
C — Mpy)XHHa OHKHPJIHIY;
f — 1ok uxTHEpHI M xonataa 6¥nranna npyxxuHana Xocun 6¥nanura

nedopmatim,
3-12 pacmnan
f=BM=BO0+O0M=f,+x 3.77)
IyHuHT yHyH .
FAT = o(for 4+ %) (3.78)

Y nafrna (3.75) xyhAngarnua ésunans:
mi = Gsina — c(f + x) (3.79)

m¥ = mgsina — cf; —cx

(3.79) TewrnamamiMT MKKM TOMOHWHH m ra 6ymb, kZ = % Genrnam
KMpHTCaK, XapaxaTHHHTr aHdidepenunan TeHrmamach yuyH Kyfinaarn udonara ara
6y namu3;

¥+kix=0 (3.80)
(FOKHHMHTI CTATHK MYBO32HaT XpraThaa mgsina = ¢f.;)
(3.80) Tenrnama 10K 3pKHH TeGpaHMa XapakaThHUHF AuddepeHLHan TeHrnaMacHHH
Hdomanaion.

r} M 0KHHHTr XapaKaT KoHyHHuH auuknaiimui, HOxopuaa éaunran (3.80)
anddepeRunan TEHTNAMAHHHAT YMYMHH e9MMH KYHHAArH K¥pHHHMHAZ
6¥nanmn:

x = Cycoskt + C;sinkt (3.81)
bynna C;, C; — nap MHTerpaniam ¥irapmacnapH.
(3.80) auddeperunan TeHrnaMaHHHT YMy MU eqHMHHE KyHUAArH KYPHHHLIAA XaM
E3HIN MY MKHH;
x = Asin(kt + a) (3.82)

Bynna 4, @ - nap xam HHTErpaLiam ysrapsmacnapuinp.

M FOKHHHT 3pKHH TeOpaHMa XapakaT TeHTIAMACHHH, XADAKATHHHI GomnaHrHY
mapTnapHHy 35THH0pPTA oMicak, KyHHaarH4a €3 MyMKHH:

x = xgcoskt + =2 sinkt (3.83)
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EKH

x = Asin(kt + a) (3.34)

Byxna
A= fxg + ()2 (3.85)
tga =2 (3.86)

Va
(3.83) ra xapaxaTtHHHr GolnaHFHY IAPTAADH B&

K J?_ 50_101
“NAm Jo5 ¢

kHItMaTHM KFHicak, XAPAKAT TeHrTAMACH YOyH Kyfuaarn Hdonara ara 6¥nams.
x = 0,049 cos 10t + 0,14sin10t(M) (3.87)

A= [+ EBy = (004977 + (0147 = 0148w

tga = —— = ———— = —0,35;

Arap

=520
sina—-A <0

SKAHITHIHHM YBTHOOpra ONCAaK, XapakaT TeHrnaMacH Kylimaarn —K¥pHHHINA
E3HJTANH;
x = 0,148sin[10t + arctg(—0,35)] (M);
Bynna
arctg(—0,35) = —0,037 paj, (3.838)
Byun snTHbHOpra oncax,
M IOKHHHT XapaKaT TeHrnaMacH Ky unard kypHHuaa éannan:
x = 0,148sin(10t — 0,337) (M) (3.89)
(3.39) nan xypumunb TypuBamxu, GepwnraH mucomna M 1OK IPKHH TapMOHHK
xapakaTtna O¥nap akaH.
Te6Gpann amnnuryna: A=0,148m

Tebpaumn gaspn: T = -‘-";’1 = Ec

Lo

TebpaHuw yacToTaCH ¥ = % =1,6
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3.1.6.3. Moaanit HyKTaHHHar MmaxOypHi# TebpanmMa XapakaTHra fOMp Macana

1-Macana. Bupop paxT oHmpma M 1ok nnuTa ycTHra YpHaTtHmanu Ba
(aedopmaunsnaHmaral npykHHaaa) CownaHrHy TEITHMKCHI KYiHO woboprnann.
Xyomn ury ounad Gowma6 B HykTa (NpY:KHHaHHHT NAacTKH yun) § =
0,5sinpt( cM)KkoHyHra mysodHK BepTHKan 6¥iinab xapaxar kuna Gowmnaitam (§ xu
nacira iynanrasd). TpyscHHauHr GUKHPIHMK Koddduumentn ¢ = 250 :"; x ¥xuna
caHok 6own B Hyktauusr ¥pTa sasvstura (§ = 0) mMoc kenamm.

ITnuTaHWHr MAacCAcHHH 3BTHOOPra ONMacmaH Ba yHH MyTnak 6Gukp neb
xucobnab, m = 100 kr maccani M IOKHHHT XapaxaT TeHrnamacH aHHKnascuH. Ok
KeFMHIH XapaKaTH JaBOMHAA NAHTaTaH aXpanMaiiny ned dbapas KHIHHCHH,

MuconHH eunuIna Ky Aunars xoanap Kypub wingucns (3. 13-paca);

a)p=402;6)p =50-;c)p = 603

M,

fer

" . X
3.13-pacm. ' 3.14-pacm.

Eunmu:

XapakatHmHr OGommaHFud wapTiapWHH anmxnaiivus.  3.13-pacmma AB
Macoda oOpxANH NOPYXMHAHHMHT TabuuH (medopmauMsnaHmaraH) Y3yHIHIH
Kypcatwirad. Macana waptvra kypa M 10K mAMTara  NpY/RHHA
nedopmanHAnanMaran Xonataa kyiunrag (A Hyxra), TIyHuer yuyH M IOKHWHT
fournanruy xonatt My A Hykta 6UnaH ycTMa — yCT TYLIAOH.

M oKk Tascupuaa npyxuHa AQ = fo wmacodara cHKMnagM Ba CTaTHK
MYBO3aHAT X01aTH [03ara KenanH. M IOKHHHT THHY ~ CTATHK MYBO3aHAT XonaTH O
HYKTa opKanH GenrinaHrax,

By HyxTa xoopmiHata Gomm ne6 xabyn xunmuran, Jemax, M 1okHHHT
GomnaHrHy KOOPAHHATACH KyHHaarura TeHr 6ynamm:
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X9 = OMy = ~f,=—"£ (3.90)

c
Mo mykra O wuyxTamad TenaOga Ba X ¥KH BepTHKan nactra HyHanrad
Synranmuris yuyH Xg KoOopaAHHaTa MaH(Hi HIDopara ara 0¥ nanH.
Macana maptura x¥pa M ok mmra yctmra kyHunanm pa Gomnanrud
TeanukcHi K¥inb wobopmnaan. Iynuaxr yuyH
Vor =V =0 (3.91)

Hemax, M 10k XxapakaTHHHHT GolInaHFHY mapTnapH KyHHgarsnda 6ymap skam:
to=0; Xo=—fr=—"3% (3.92)

Vox = Vo =0;

Arapm = 100 kr, g = 9,8 m/c?, c = 250& = 2500-:';3ranmn1mn
mTHOOpra oncak,
mg
Xg = e —-0,00392 = —0,004 (M)ra
TeHr 6ynann.
Iemax, M 10K XapakaTHHVHT GOIMUIAHFHMY INapTNapH
tp =0; xo=-0,004m (3.93)
Ve =g =10
Ginap skan,

Iuau M 1ok XapakaTHHHHr auddepeHLHan TeHrnaMacuHi Ty3aMu3. ByHuur
yuyH 3.15-pacmaa M 1OKHHHT HXTHEPHIT Ba3HATHIA YHIa KYHIUIIaH OFHPIIHK Ky4H -
G, NPY>XHHA DJNACTHIIIMK Ky9H - F*M pa yiiroTyRuM Kyu - Q¢ xyunapHu
KypcaTtamua (YilFoTypdH kyd 6 GIMHHXOHA» XONZa KATHAMAOH,

WYHHHT YyuyH y 3.15-pacMaa xypcamumaran), A M
M iox xapakatuHuur nuddepeHInan TeHINaMacH yMyMHil A
Xonoa KyHHpary KypHHHIIAA €3WJIanH: &
m¥ = G, + T (3.94) o |
bynma -
G, =G; Fmr=— [FamacT. Fici b
Bynapuu suTtHGopra oncak (3.136) xyHumarn xypuHHiUTa 1
3ra Gy nanu. =
mi = G — 2T, (3.95) B"G
Jlesxm T'yk xoryHuTa acoca o
x'g

3_15-pacm.



F2et = f, (3.96)
Bynna f —10ox M xonarna 6ynraHna npyauHanary neopmaums KaTTATHIH.

3.15-pacunaH NpykHHa nacTkH y4d B Hyxra THHY Xonartma Oynravpa
npyxuHa neopMaLMACH (CHKHIHWIH) KyHnaarura TeHr 6¥naau.

fl=AM =A0+O0OM =[5 +x (3.97)
Tpy»aema nacTky yu B mactra { Macodara cumsHiton.
MyHuur yuyH
f=f—-§=fa+x-¢ (3.99)
(3.15-pacmna § — myc6ar vwopa GHiaH onMHraH, acnuaa YHHMHr Hmmopacu sinpt
HImopacH unan Genrwnananu).

Tpyxuua aedopMalmack MawTyM G¥ca, INACTHKINK KyYH Ky AHAArHra TeHr
6 nanu
FPRT =cf =c(fa+x=) (3.99)

Y nafitna M ok Xapakatmeunr andepeHuUMan TeHrnamacH KyHHOArH
KypuHHIIra 3ra 6¥nanm.
mi=GC—c(fa+x—§)
EKH
m# =G —cf., —cx + k. (3.100)
Arap

G =cfe ¢ = 0,5sinpt(cm) = 0,005 sinpt(m)
3KAHIIHTHHH BTHOOpra oncax, (3.100) xyiinnarnua éaunanu:
¥ = —cx + 0,005 c sinpt

Eéxn
mX + cx = Hsinpt (3.101)
Oynoa -
H =c-0,005
(3.101) wdonaHHHr ¥Hr TOMOHH YIlFOTYBYH Ky4HHMHr oX JPKHIArH
MPOEXIMACHHH Hdonanannm:

Q. = Hsinpt (3.102)
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Gynna

H ~ yroTyBYH KyY aMIUTHTYZIACH,

P — YAFOTYBYH Ky4 [IOMpABHHA YaCcTOTACH,
& — yiroTypun kyy Gownanriuy dasacH.

Myum Tankuanaw nosumky, £ = 0,005 sinpt (M) xoHyH G6¥fva ¥3rapyBun
TAWKH YAFOTHID MABXKYIUIHTH I0KKa

Q = Hsinpt (H) yHroTyBuH Ky4 TabCHP ITHIWHHH OHNOHPagH.

(3.101) TenrnamMaHUHT Xap HKKH TOMOHHHH m ra 6¥nmb, Kyiunars
TEHIIaMaHH XOCHT KHIaMH3,

., € __H .
X+ _—x=_sinpt (3.103)
Berrunam xupuTaMM3:
H
— =k} —=h
m m

¥V naitrga (3.103) xyinpars KypHHMouna é3nnanH:
# + k%x = hsinpt (3.104)

By Tenrnama mMoOonMii HYKTAHHHT MYXHMT KapWIHIHK Ky4H TEZbCHpP 3TMaraH
Xonna MaxOypuit TeOpaHma xapakaTHHMHr AHdGdepeHUMan TeHIJAMACHHH
udonanaiigm.

(3.104) mudideperiman TerrnamMariT YMyMKit eYHMH P Ba K KaTTamMxnap
xuitMaTnapu opacinary myHocaGarra GormHK 6¥namh.

Kyimparn xonnapHu xypub aMKamus:
H)P=40f: k=E=v‘250 =su-:-

Hewax, p < k

Bynmaili xonna anddepeHuman TeHIMAMAHHHT YMYyMHH eunMH Kyiivparu
KYPHHHIIZA E3HNAAH.

x = Cycoskt + Cysinkt + #sinpt (3.105)
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By uopana €; Ba C; ~ nap HHTerpawaw ¥arapMacnapi.

Vaapun anwinam yayH (3.105) HMHT MM TOMOHHHH BakT O¥iuiua
nnddepeHiHannaiiMHi;

% = —Cyksinkt + Czkcoskt + - cospl: (3.106)

Xapakarsunr Gownanrud maptnapuny (3.105) sa (3.106) Tenrnamanapra
HIONMATAMHI.
t=0 pa Xg = C1
hp

fo—vox—czk“"k _pz

Arap
xp =—0,004M, vy, =0

IKAHTHTHHH 35THOOpPra oncax,

cl — —0,004
| A— 12.5-40 S S
Cz = 5aps = " sagzseo-1600) o0 =~ —0,01lra
TeHr Oynaou.
Cy,Cy, k, p,—5— nNapHMHT KMIIMATIAPHHH (3.]05) Tenrnamara xyicax M 1ok

k22— pz
XapaxaT KOHyHH y4yH Kyfnnaru nionara sra 6ynamus:

x = —0,004¢c0550t — 0,0115in50t + 0,0145in40t (M) (3.107)

Tenrnamanan xypunHuG Typnbavxu, M 1ok Xxapaxat 3pkun TeGpaHma

Xapaxar (TeHrnamanary OWpHHYM HKKH Kywwinys4H) Ba MaxGypuid TteGpanma

xapakatiapH (TeHrnaManarn yuMMHYH K¥IIWIyB4H) HHFMHAHCHOaH MOopat Oynap
sxaH. by Xon M 10K XxapaKaTHHHHT TEHrTAMacHHH

x = Asin(kt + a) 2 g .smpt (3.108)

KypPHHHIUOA E3raHaa AKKoN HamoéH O¥manm.
By reHrnamana A sa @ — ap XaM MHTerpawuiamt ysrapmacnapH. Y JIapHH
ammgram yayn  xam (3.108) HMHr MKKM  TOMOHWMHH  BakT  Oyiuua

amddepenimannaliMus:
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x = Akcos(kt + a) c T cospt (3.109)

t = 0 na (3.108) 8a (3.109) Tenrnamanap Kyfmunars xypuHHura sra 6ynamm:

%o = Asing; %, = vo, = Akcosa + =2 (3.110)
By ndonanapnau
Pox 2.
A= Jx - @.111)
tga =—2%_—. sina =% (3.112)

Vox T A
XapakatHumr Gownanruy maptnapunn 6y ndomanapra xyvicax, A sa @ YUYH
kyfnnaru KuiimaTaapra sra 6¥namus.
A =,/(—0,004)2 + (—0,011)% = 0,0118:

—0,004
-0,011

tga = = 0,3636,

a = arctg(0,3636) = 3,4811

Bynapsu sntiGopra oncak, M IOKHHHT XapaxaT KOHYHM yayH KyiMAard
ndonara ara 6 namma:
x = 0,0117 sin(50t + 3,4811) + 0,014sin40t (M) (3.113)

Te6parma xapakat XapakTepUCTHKANApH KyHAATH XanBaga KypCaTHIraH:

2-mansan
Ipxun Tebpanma Manlypui
T/p | Te6panum xapaKTepucTHKAnapn P ~p TeGpanma
XAPARKAT N
xapaxar
1. Amnnuryna (cM) 1,17 1,4
2. | Houpaswii yactora (paa/c) 50 40
3 Ti 2 2w
% | Repamr ey T= % =013 | r="—=016
4. | TeGpannmunmur 6outanrua dajack a = 3,48 d=0
5. | dazanap cmmxnmH - -

L k= [S=s50l,
6)p = 503; R—J;—so,.
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Hemax, p = k.

Byuaaii xonga pesoHaHc XomHcach iozara xenmamn. Pesownamc xopucacuaa
(3.104) nuddepeHunan TeHrNaMAHHHT YMYMWHA €UHMH KyiiHgars XypuUHALWAA
€IUnAnH,

x = Asin(kt + a) — %tms(pr + &) (3.114)

Arap p=Kk, 6§=0; —cos(pt+ &) =sin (pc +4 --1-;-) IKAMTHT HHH
sxTHOOpra oncak, (3.113) Kyfinnaru x¥prymmra ara 6¥nanu:

x = Asin(kt + a) — :—:siﬂ(kt ) (3.115)

By Tenrmamana OupuHun Kymmnypau M OKHWHF 3pkuH Tebpanma
XADAKATHHM, HKKHMHYM KYWmaysaH 3ca MaxOypuil TeGpanma xapakaTHHM
udonanainn.

Tenrnamanarnt A pa @ — napuu anpnam yuyH (3.115) HHHr HKKH TOMOHHMHH
BakT Gyinma gnddepeHimanaiMua:

% = Akcos(kt + @) + o [sin (kt — ) + kecos(kt — )] (3.116)

t =0 aa(3.114)s a (3.115) nap 1yAHOarN KYPHHHIIHY ONANH:

xp = Asina; %g = Altcosa
Bynapnan
Asina = xp; Acosa =

A= ‘x;‘ + {1%")2 = 0,004 M

R85 ..
Tk Z.mp eeRM

xok  —0,004- 50

IMyHuHr yuyH

sing =2 = 1; amarcrgm=3?"-""‘;i=4712 (3.117)

Bynapuu 3xtHGopra oncax, (3.115) xyimgary kfpuHmnga é3nnamgy;

X = 0,004sin(50t + 4,712) + 0,125¢sin (50¢ = 3) ()  (3.118)
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Bannran Temrnama p= 505:- 6inran xonga M OKHHHT XADAKAT KOHYHHHH
ndoganaitnoH,

TeGpanmMa XapakaT XapakTepHCTHKaNapH Ky AHIATH KALBANIa KEATHPHITEH:

J-kagsan
TeGpannm . Max6ypnii Te6paama
i XADAKTEPHCTHKANAPH TeSnaupn xapaxar
XApAKAT

1. | AMnnuTyaa (cm) 0,4 12,5
2. | Honpasuii wactoTa (pan/c) 50 50

2 Zn  2m
3. | TeGpannw naspu T= L 0,13 T=—=—=10,13

k P k

TebOpauumHuHr GolunaHryy
4. | pazacu a=4,712 d=0
T

5. | dasanap cunacumu - e -1,57

=anl = S —epgl
B)p =601, ""'J:—E‘“:

Hemax, p > k

Byunait xonna (3.104) muddepeRunan TeHrnaMaHWHr yYMyMHil edHMH
KyHHpar# K¥pHHHLIAA é3MnanH.

x = Cycoskt + C,sinkt + ——sin(pt — ) (3.119)

:;‘z

By udonama C;, C; — nap wurerpainam yarapmacrnapi. Yiapeu aHmxiam
yuyH (3.118) TeHrmaMaHMHr Xap MKKM TOMOHMHH  BakT  Gyiinua
ouddepenunsnaimus;

% = —Cyksinkt + Ckcoskt + ———cos(pt —m) (3.120)

p? kz
t =0 na(3.119), (3.120) Tenrnamanap KyHHOary KypHHHLIHHA ONAnH:
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Xp = Cl
hp
pz p—

x'u, = Czk—

f.'i = xu = —0,004
c, =ﬁ= 0,682 (3.121)

(3.121) uu (3.119)ra xyHcak, M IOKHHHI XapakaT KOHYHHM YHYH KyAunaru
TeHrnamara ara 6¥nammna;

x = —0,004cos50t + 0,682sin50t + 0,011 sin(60t — ) (m) (3.122)

Tenrnamana GHPHHYH HKKM KYWWIYEYH M JOKHHHr 3pkuH TeBpanma
XapaKaTH TeHrnaMacH. YumHuM Xyunutysun —MaxOypuii Tebpamma Xapakar
TEHTAIBAMACH.

Masxyp muconHm 60mIKa, MKKHHTH YCYIIA XAM SUHII MYMICHH:
(3.104) nmddepeHunan TeHrnaMaHMHr yMyMHI E€UMMMHM  Kyfimparu

KYPHHHILIA £3aMH3;

x = Asin(kt + a) + ——sin(pt — 1) (3.123)

zkz

Texrnamanuur xap uxxH ToMoHMHH BaxT 6¥iirua mudipepeHumanaimus:

% = Akcos(kt + a) + —— cos(pt — ) (3.124)

2*!

t = 0 na (3.123), (3.124) Tenrnamanap Kyfiugars KYpuHMLra ra G¥nany:

Xxp = Asina
k;
%, = Akcosa — P—z-_%-:-
E€KH
Asina = —0,004
hp 12.5-60

Acosa = =0,0136 (3.125)

®*-k¥)k  (3600-2500)'50

By ndonanapaan

A = ./(—0,004)2 + (0,0136)? = 0,0142;
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tga = 0,0136 -0,293;
o _ 0004 _ 3
sing = o=== 0,281; : (3.126)

a = —0,285 pad
(3.125) vm >nTGopra oncak (3.126) xyinnars xypuHHIDAa é3Mnamu.
x = 0,0142 sin(50t — 0,285) + 0,0111 sin(60t — 3,14) (m) (3.127)

Xocun Gynran TenrnmaMa M IOKHMHr XapakaT KOHYHHHH HQonanaioH.
Tenrnamanan kypuun6 typubanks, 6y xonna xaM M Hykta Mypakxab xapakatga
6¥nap oxan. Tewrnamagarn Owpuaun  Kywwinysun M JOKHHHT  3pKHH
TeBpaHuIUNapHHKY, HKKHHYH KYIWIHIyBYH 3ca MaxOypuit TeGpaHMIInapHH
Hdonanaian.

TeOparui XapakTepHCTHKANAPH Ky HHOArH Xagsanna Ke1THPHIraH.

4-xansan
Tebpannm Ipscn MaxGypuii
e XapaKTepHCTHKAN yefipamma TeDpanma xapaxat
p P Kanapu XApAKAT P P

1. | Tebpaumnm amnnutynack (cM) 1,42 1,11
2. | Tebpanum povpasHi JacTOTACH 50 60

(pan/c) n

Y

3. | Tebpasm gaspu P = .2?11' - 013 =% _ 0105
4. | Tebpanum DownaHriu dazacH = —0,285 §=0
5. | MaxOypwii TeSpanuuiap R ot

hazacHHMHL CHMKNMH
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3.17. MyCcTAKHN e9HII YYYH TANA0ANADra TABCHE JTHIANHIAH MACANANAD

JA-1. — monuupux, Mopanii HYKTARHHEr TebpanmMa XapaKaTuuH
TeKIOHPHI.

A-1.1. — monmwuupns, my maccann D 1okuunr (2 sa 4 BapuaxTnap) kM
maccanapu my Ba mg 6¥nran [ Ba E woxnap cuctemacununr (1, 3, 5 - BapHaHTNap)
x ¥kH O¥iinua xapakaT TeHrnamacH TomwichH. CaHox Gouwrnt D 10KHMHr €KkH MOC
pasHwna D sa E 0knap CHCTEMACHMHHHT THHY Ba3HATHAA (NPYKHUHANADHHHT CTATHK
pedopMaupacH XonatHan) onHucHH, FOxmapHn GHPNalITHPHD TYPYBHH CTepIKEHD
OFMpNHKCH3 Ba AedopmalpananMaion geb xicobnaHcHH.

Bapi

I:.al:a Tonmmpsk cxemanapn TomuapHk WapTAapH

1Lt

1. D wx (mp =2 xr) xap
OupHHAMHT OHKHpANK

xo3pdmmenth ¢=4 Hfcm 6ynran
MkkHTa  BMp  xun mapannen
npyxHHara ociwmad AB Taxrauara
MaxKaMmaaHraH, I 10K MAXKaMnaHTaH
HYKTa NDYXKHHANADHHUHT YKTapHaaH
TeHr Macodanapaa woilnamras,
Biupop BakT onnpa D wkka E
1K (mg= [ kr} ocub KyHHnagH.

.':r"'I E IOxknap cHcTeMacHHMHP XapakaTura
Empmd KApPLWHITHK KY4H TeTHKKA
¥X nponopipioHan; R= 10v (H), Oy epna
v — TeanmHk (M/c).
MyTnax Buip AB
TaxXTauaHHHT Ba yHra
MaxKamUIaHTaH nemmdep
KHCMHHHHE ~ MAaccacH  Xpcodra
OJIMHMACHH,
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>

G,
G
D
E
x¥g

Dfmp= 2 xr) sa Efmg= 4 k1)
WOKIapHH  OHMpAamTHpHO TYpyBYH
cTepxeH: kecHD robopwiraH oHmaH
bomyra® B myxkTa  (keTMa-keT
YMaHraH MPYAHHATADHHHT W0KOpH
yun) = 1,5 sin 187 (cM) KouyH
GyitMua xapakar Kkwm OGomuaima
(= ¥xr mepruxan 6¥imab naca
FryHamraH). Ipy:xuHanapHHHr
GHXHpAHK kozddrunerTnapn
¢;= 10 H/eM, ¢7=30 H/cm.

Ptb o L W s Wy A

L~
CE{

=]

Ae

C.a b%

> C

= 3
£ B

Vol IE

D wx (Mp=06 xr) AB
TaxXTaA9aHMHT F HyKTacHra
MaxKamnaHraH B OHKHPHK
koapdmutens ¢, = 10 Hicm
6¥nrans [Py AHHAra OCHAraH.
Taxtaua BHKHpPIHEK
koaddrpentnapn ¢;=6 Hicm, ¢~=8
H/cm G¥nran  uxkxura napamen
npyxuHara ocHl Kyituras. F HyxkTa
6y npyxuHanapHHH YKIapHOaH & Bd
b macodanapaa xoitnauiras;

ab=cy c,.

Bupop sakr ouuga D wxka E
WK (mg= 1,4 kr) ocub xyHunaau.
Xynom# oIy BakT OHHAA HKIap
CHCTEMAacHra  MacTra  iyHanran
1,=0,2 Mfc Teymk Oepunama.
MyTnax O6wxup AR TaxXTawaHMHMT
MAaccacH XHMcoOra QIIMHMACHEH.
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B

Hkxknta 6up xw1  napannen
npyxHHaHuHr Dfmp=05 kr) sa
Efmg= 1.5 kr) woknap TascHpuaars
ctatux pedopmaunscH fo.=0 cM.
0knap  mpys#sHanapra  MyTnax
6uxnp AB  Taxravya éEpnmammuna
ocwmad, bBupop BaxT wHyHga
joknapHu  GupnawTHpud TypyBuH
crepxed kxecubd wbopwragn. D
JOXHMHI  XapakaTWra KapuMiHK
TenHKKa nponopumoHan R=8 v(H),
6y epna v — Texmk (M)
TaxTauaHuHT Ba YHra
MaxKamIaHraH aemMndiep KHCMHHMHT
mMaccacH xHcolra onMHMAaCHH.

Bukupnik  koapdHIMEHTH
C=6 H/cm O¥aran npy:uHara
ocuriHK D okka (mp= 1,6 kr) £ ok
(mg=2,6 Kr) oOcHnraH OHAAH
Gomnab B HyxkTa (npyXHHaHUHT
10KopH yuH) £= 2 sinSf(cm) KOHYH
Oiirua xapakatnada Gownadnu
(§ ¥xu BeptHkan Gyiinal mactra
AyHanTan).

Jcnatma. CaHok GOWHMHHHE X
¥KHUOard BasHATH B HyKTaHHHT YpTa
pasuaTHra (£=0) Moc kenagu.




A-1.2. — momuupux. my maccanu D tokunnr (7 sa 9 sapuanTnap) €ku mpy
Ba mg Maccanm DD sa E wknap cHctemacHHMHr (6, 8, 10 — BapHanTnap) xapakar
Texnrnamacu TormcHH (6y xapakat x fkura xentupuacyn), Canox, 6o D roxHHHT
éku Moc pasmwaa D Ba F  10Kkaap  CHCTEMaCHMHMHI  THHY  BAIMATHAA
(npyxuHanapuusr cTatik nedopmaumsick BasuaTHma) omuucuH, D ma E woxnap
GupranMxgary Xxapakarnapuna axkpanub ketmaiion neb dapal kuHHADH.

Bapmra
uT
paKas TonmTpAK cXeMATAPH TonmupHuy, MapTaapn
n
6. Yemipa D wxuu (mp= 12 xkr) yuuiab

TypyBuH | Npy:xkHHA F HyKTaga MKKMTA
2 Ba 3 nmapauieNl NPYXHHANADHHHI
yanapHHH Oupnamtpu® Typyeun A8
TaxTtayara TasHagM. f-, 2- Ba J-

NPy KHHATAPHHUHT Gucp e
kodpdumentnapn  (Hlem): ¢,=200,
3 c;= 160, c5= 140.

F HYKTa 2- Ba 3-
/777 //B// /b//////, MpY>XHHAMAPHHHT YKIapHoaH a Ba &
macodanapaa *onamrax;

¥x ab=cy cy

Bakmuvur Gupop oHumpma D
OKHHHT yeTira E ok (mg= 20 kT)
kifinpann sa wy BGunan OGup saxkrma
HKNap CHCTEMACHTA TIaCTTa MyHaNTaH
vo=0,4 m/c Teanux Bepwnamu. Mytnax
6uxkup AB TaxTayaHWHr Maccacu
XMco0ra OJIHHMACHH,

7. Bupop Bakr ommma £ wx D
HWKHHHI YCTHOAH OJHHaAH (mcxa.na
K Xam TIPYXKHHAHHHP CTATHK
oedopMaLHACHIa MOC KeJyBUH THHY

E

D
p- xonataa Typubau). D ma E roknap
...
P

CHCTEMACHHHHT NPY)KHHA YyCTHEArH
XycycHil TebpaHHIINAPHHHHT LIHKITHK
I gactotacH k=20 panm/c, Maccanap
HHCOaTH mp/meg=2/3.

_— i Ahn\l
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HMxxuta Oup xun  napannen
npyxxHanapaaH xap Gupunnur D ok
fmp= 20xr) TabcHpunarnm CTATHK
aedopmaumsicy f,=2 cm. Bupop BaxT
wunpga D woxsuur yetura E ok (mg= 10
xr) xyiinnann. HOxknapHHHr XapakaTira
KAPIIANHK Te3JIHKKa MpOnopLHOHAN.
R=60v3 v(H), 6y epma v —Teunmk
(m/c). MyTnak GHKHpP TaxTauaHMHI Ba ¥
Ginan GornaHraH aemndep KHCMHHHHT
MaccacH xHcodra OJIMHHMacHH.

Hkxuta D Ba E w0k (mp=20 «xr,
meg=25 kr) ¢;=250 H/cm pa ¢;=375
H/cm Guxupnux kodgdHUHEHTIAPHIA
ara  G¥nraH  keTMa-keT  yJaHraH
NPy XHHATAPHHHT ycTHOa THHY
Typu6au. £ 10x onMHran ounad Gouwnad
NpyAMHANADHHHT TasH4 HyKracu B §=
0,5 sin 30¢ (cm) KoHyH GyiiMua xapakar
xuna Gomnaitmy (£ YKy sepTHxan 6¥itnab
nacTra ifyHanraH).

10.

[p—

o ™

TTpyxHHAHHHT CTaTHK
pedopMalAra MOC XeNyBYM THHY
xonatna Oynran [ OKHHHT YCTHra
BaKTHMHr Owpop ounmga E 1ok
Kyiunaad. XyoOH Wy OHOA IOKap
cHcTemacura nactra fiynamran v,=04
m/c Teanuk Oepmnagn. D IOKHHMHT
nNpY»XHHA ycTHaara xXycycHit
TeOpPaHHLLTAPHHHHT LHKIHMK 4acTOTacH
kp= 24 pan/c, maccanap HMCOaTH miz
mp=3
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J-1.3. — monmwupux. m maccanu ) IOKHHHr ropH30HT Ounad @ Gypuak
TAIIKHM N1 KMWTYBYH CHJUTMK KHs TEKMCIHK 6¥inab xapakaT TeHriaMmacH, Xapaxar X
yrura Kenrupunrad xonga tonwicHH. CaHok Oowd xuiHb lOKHHHT THHY Typrad
XONAaTH NPYXHHAJIADHHMHT CTATHK Oe(OopMaLIHA X0NaTH KabyJl KMITHHCHH.

Bapua
1 Tonmmpimk cxemManapi Tonmupnk mapraapy
pakam
H
11. Bupop makt oxuga D wox (m=2kr)
c;=7 Hicm Ba cy=3 Hicm OurMpaux
ko3 rumcHTIapTa ara 6ynran
AcopMamMANaHMaran mpy>KHHANAPHITHT
vunapura maxxasrarany, Hly Gunan 6up
BAKT1A I0KKA XMA Tekmcnuk (@=45°)
6§#fnab nactra #yRamran v,=0,6 we
Teamik Gepunann.
12.

D 1ok kpa Texscmukamnr (@=30°) yeriaa
MPYAMHAHMHT CTATHK AcdopMaupacH
Som= 2 €M T2 MOC KCTYBYH THHY BAIMATAA
Typamu. Bupop maxr owwaa (1=0) K
HYKTa (MpYAHMHAHHHT OKOpPH Yiu) §=
0,01 sin 10t (M) kouyn G¥iinda XapakaT
kiwta Gownaiign (£ ¥xH TokHCnMK
G6¥itnab mactra Ananrau).

13.

D wk (m = 3 Kr) HXKHTA
nedopMaigsinaHaaraH napasnes
NPYHHANAPHHHT YANapHHH

fupramrmapysan A8 Taxmamammar  F
HYKTACHIa MaXKaMIaHagH Ba SouwnaHriy
TCIMKCHD KyiinG obopunami
TpysamanapHHHT OHKMPIHK
xo3tphruncurnapn ¢;=3 Hliem Ba c,=0
Hfem. F HyKTa  npy»aHANapHHHC
Yxmapraan a ma b macodanapaa
woitnamman; ab=cvc, a=60°.

iOwor  xapakarira  KapUIWIHK
Te3nukxa nponopuuoHan: R= 12 v(H), 6y
cpaa v — Tk (M/c). AB TaxTauaHuHr
Ba aemndepHHHT  maccacm  xucobra
OJTHHMACHH,
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| Bupop saxr onnga D wk (m = 2
kr), ¢;= 12 Hicm sa ¢; =4 Hlem
6ukMpnnk  kodthpuuncHTIApHIA  2ra
6ynraH achOpMALHANIHMAITH KCTMa-KeT
yAaHraH npy KHHAmapHuHr A ydura
MAXKAMTAHATH BA DOWNAMFHY TCITHKCHI
Kb  obopriaan. Uy Gmnan  Gup
parraa (= 0) npyvKHHATAPHHHT HKKHHYH
B yan £= 1,5 sin [0 (cu) xomyw G¥inma
xapakar 2 Downaitan. £ Fxuo ot
Tekncmnk  (@=30°) Gyiviad nactra
fdyHatrad. CaHoK OOIIMHHHT X ¥RHaarW
BalmyTH B HyKraHMHT ¥pTa BaskaaTHra (§=
0) soc kemagn.

15.

Ukarra Gmp o napanen
npyxpHAnapHHHr  YuaapH AB TaxTaua
6unan  Gupnaurrmpuirad.  Xap  Owp
APYAHHAHHHr KHA Tekneamk (a=30°)
yerwma érraH D wx (m= 15 k)
TaBCHpHIArM  CTATHK  JedopMmaunacH
Sfow=4,9 oM. Bupop BakT onmaa D) toxxa
Kaa Tekucanx 6§itnab roxopura Hinanran
v,=0,4 m/c Gownanrny Teammk Geprnaas.
HOxrrmr xapakaTHra KAPUIMIHK TEI/THKKA
nponopigoHan: R=6 v (H), 6y cpaa v —
Temik, (we). MyTnag 6uEHp AB
TaxTauaHMHr Ba Yy OnnaH OGornaHrad
AeMndep KHOMMHMHT MaccacH Xmcobra

OJTHHMACHH.
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16.

D 1ok (m= 2 xr) ukxeTa 6Hp X
NAPANNCN NPYRMHUTAPHHHT YUTADHHH
Bupnamrupysan syTnak Guxnp AB

TaxTasaHHHr Ypracura Gomnanrm
TeamMkcHl  maxkasuiab | kK AHIaga.
TMpvauuanap ncdopsalpianasdmaras.
TpvaamanapHHHT SuxHpAHK
xo3(hpHUHCHTIAPH c=1,5 Hicm.
Kwsmr XApaKaTHra KAPLIWIHK

Teamuxka nponopimosan R=Bw(H), &y
cpaa v —reanuk (M/c), @ = 60°. AB

TAXTAYAHMHT BA YHTA MAXKAMIQHTGH
Acumndicp KMCMBHHET MaccacH XHcobra
ONMIHHMACHH.

HA-1.6. — monwiupuy, m Maccum D

10K ropusoxTan Tekuennkaa E {x arpoduaa

AiMaHa ONYBYM BA3HCHI CTCPHKCHHMHI yMHra maxkamnawrad. KOk npyvsama Gaman €xi
npy*HHanap cucTeMacH Oiman Gupmxrupmmran Crepaemomr minmaza k¥pcaTHiaran,

THHY TYPraH NonaTH AcopMaHanaHMaras

MPY>KHHATApra Moc kenagd. Mommat mykra

caaritaa kabyn kumHamsran J) ok TYTpR 1iamk 6¥it1ab xapaxatianagn ac6 xmcobrab,
fy MOKHMMI XApaKAT TCHrTAMACH AHMKIAHCHH (IOKMMHT TekHenmk O¥inab cHpriaHimn

MITKATAHMLUY XHUCOOra oMHMACHH).

z:’:;::: Tonmupux cxemaiapn Tonompik mapriapn
17. b wx (m=2,4 kr) GHKHpNHK

|

Lu:u.pdmmlcn'mapn ¢= 1 Hiom Ba c= 14
fH/cym G¥nrar nkknTa fapanien Opy&HHAHAHT

yunopuae  Gorosdn  AB  TaxTaqanuHr F
HY KTacHra GHpMXTHpRHITAH. F HYKTE
1py¥aTHaTapitiT  YKnapmianr 4 B4 b

hacodaiapia koftnamran: abh=cxc;

D wor wunas kKFpoaTwiren BRIRATHINH
[art TOMeHra A= 4 oM KHIIMOTra OFIHPIITEAK Ba
Goumasrmd  TewnkeHs kY¥HAAC wGopunoan.
JOXHMMT  XapakaTHra KApUIMIHK Tel1HkEa

E nponopiutonan: R= Gv (H). By epna v —
"A_ reamx (M/c). MyTaek, GHeep AB TaxTavanuar
a AemndiepHunr MagcacH xucobra

Emmuacna
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Bupop BaKT oHHOA
npy#HHaHHHr A = 2cM KufimaTraza
cuxnb ymnab Typwiran D ok (m=3kr)
Gownanriy TEIMHKCH3 Ky#HHb
wobopunaau. [Ipyxuuanuuar Suxapnnk
xoogdruments c= 9 H/em. Iy onpax
Gownab (r=0) B HykTa (npymuHaHHHr
yur yun) €= 1,2 sin 8 ¢ (cm) xoHyH
Gyfnua xapakaT ta Gowunadion (§
Y yanra  HyHanrau). Canox
CownHuHr X  Ywapmarv  sains™ B
HykTaHHHT ¥pra BasuaTura (§=0) moc
KenagH.

19.

D wx (m=2 ¥r) OHKHPIHK
ko3dduunentn ¢= 12 H/cm 6¥nran
MpYXKUHAHHHT YYHTa MAXKAMIAHTEH
Oymmb, Oy NpYKMHAHHHI HKKHHYH
yun AB Taxtauauumnr F HykTacu
bunan OupuxkTHpunrad, AB Taxtaua
xap OMpPHHHHT 6 HKHDITHK
xoxdduments c= 13 H/em 6G¥nran
HKKMTZ  Mapanien  NpYKHHaHWHT
yunapunn  Gormaiinn. F HykTa
Napannen NpYKHHANRPHHHT YIUTapuaaH
TeHr macodanapnaa xoiinamraH, HOkxa
ED CTEpKEHHUHT yu3IMana
K¥pcaTHAraH BasHATHAAH ¥HT TOMOHTa
Hynanran v=0,5M/c Teanuk Gepunanm.
IOKHHHT  XapakaTHra  KapIUHWIHK
Teanukka nponoptmoHan; R= 12 v(H),
Oy epaa v — Teanuk (M/c),

Hevndepriir cypunrmun BasHcHs
AB  Taxrayagarm TEIIHK  OpKamH
yrazwmo, D wk  6unan
OHpPUKTHDHNTAH.




20.

D wk (m= 2,0 xr) 6Hp TOMOHH
6unan  c;=4,4 Hfcm  GHKHPJIHK

ko3drmeHTHra ara 6¥nran
NPYXHMHAHMHF YHYHTa, HKKHHYHA TOMOHH
Onnan aca OUKHpIHK

ko3bpduumenTnapn c;= 2H/cm, c= §
H/cm  6¥nran  HKKHTA  KeTMa-KeT

ynaHraH NPYXHHAHHHT yHUHTa
MaXKamaHuraH.

0k YyHIMAZA k¥pcaTioras
BAIMATHAAH Yan ToMmoura A= 2,5 cMm
KuiimMaTra OFAHPHNMG, K¥iub

wbopunagy sa my 6unaH 6up BaxToa
yHra ¥Hr TOMOHra ityHanraH vy=0,4
M/c Gownanry Teankk Gepunamm.

21

T

C;

D ok (m=2 xr) xerMma-keT
yNnaHraH npyxHHaHuer A yuMra
MaxXKaMJIAHTaH, Tpy*uHanapHHHT
MKkkMHYH B yun &= 1,8 sin 12t (¢cm)
KoHyH O¥fiiua xapaxaTjaHand &
YKH yarira ffHanTaH).
TMpyxuHanapHuHr Orxupnmx
ko3tppuumentnapn c;=4 Hlem, ¢~
12 Hfcwm, ! =0 na K
nethopMaLHANAHMAraH NPYXKHHANAPTa
MOC KelyBuUH THHUYIHK BAjMATHIA
Typagn. CaHox Gowmumuwr x xuparu
Ba3MATH 5 HyKTaHuHr ¥pTa BazHaTHra
(£=0) Moc xenagm,

Hiox:

TOTINIMPUK, BAPHAHTNAPH YKHTYBYH TOMOHHEAH Gepragn
XMcOBOT YUyH THTYN BapaFd HNOBanaH ONHHATH.
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3.2. Moaawii HYKTa ITHHAMHKACHHHHT YMymuil TeopemanapH xamaa Jlanambep
NPHHEUHAHHA HYKTA XAPAKATHAH Yprauuiura Taqdnrn

3.2.1. Moaani HYKTa Y9¥YH XAPAKAT MEKAOPHHH FIrapaus XaxHAary Teopema

Mexamkana MOAAMH HYKTAHMHT Xapakar ynvomnapumad 6mpw cndarvna
VHHHT XapakaT MHKOOpH onuHany. Hykrauunr xapaxar Mmuxnopn neb, Hykra
MaccacH OunaH TeanMK BekTopH KynaifTMacHra Tewr Gyaran miv  BexTop
KATTAMHKKA aiminand. mv  BeKTOpHHHT
AyHanmmuu ¥ pexTop AyHamiwm Gunas Oup
xun 6¥nann. Xamkapo CH Gupnuxnap
CHCTEMACHAR HYKTAHHHT XapakaT MHKOOPH
Kr-M/c Guiad ¥nuanamn (3.16-pacm).

md

o)

Arap mMoagHi HY KTaHHHT XAPaKaTH M

x=fi(). y=£(0. z=fx) (3.128)
TeHrnamanap opkanu Oepmiran  Gynca,
HYKTaHHHI XapaKaT MHKIOPH BeKTOPHHHHT
KOOPAMHATA YKJAADPHLAIH MPOeKUMANApH Ky iHOarnnapra TeHr 6ynam;

mu, = mi, mv, = my,mv, =mi, (3.129)
Gyuna %, ¥, 3 -nap HyKTAHHHT MOC KOODAMHATANApHAAH BakT O¥iMua xHcobnanraH
XocHIanap.

Monnmit HyKTa YYyH XapakaT MHXKROPHHHHT ¥3rapHIlH XaKkBAard TeopemaHH
yprauumpaa, HyxTara KyinnraH xKy9HMHT GMpOp BaKT OpPanWFHAArH TabCHPHHH
raecudaaln yuayH, Kyd HMIYJbCH TYLIYHYAaCH KHPHTHIAOM,

Arap monmHii HYKTara TanCHp 3TyBYH Kyunap ¥srapmac Gynca, Gyumah
KYyWI3pHHHT X2p OMPHHHHT HMITYJIBCH Ky AMAarnta aHHKNaHAIH!

S, = Pyt. (3.130)

Arap monmuit HyKTara ¥arapyBsuaH Kywiap TabCHp 3Tca, GyHmail Ky<9IapHHHT
Xap OHpHHMHr DHPOP BaKT OpalTHFHAArH HMITYNbCH KyHHgarn jopmyna acocHna
AHHKTIAHAITH!

3.16-pacm.

S = [, Pedt, (3.131)

6yHna t — KyYHHHT TALCHP BaKTH.
Ky4 HMIysBCH BEKTOP KaTTAHK.
Varapmac kyd MMOYILCHHMHr KOOPAMHATA YKIADHMIArH ITPOEKUMANADH
KyiMoarHya aHMXIaHanH:
Skx = kat, Sky = Pkyf, Skz - szt (3,]32)
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ByHna Pyx, Pry, Pxz — 'P_,; KYUYHHHI KOOPIMHATA ¥KIapHOArH MPOeKLHANADH.

Varapysuan kyunap yuyH Kyd HMOYJLCHHHHI KOOPAMHATA YKIAPHIArH
NpOeKUHANAPDH KyiHoarHya aHHKJIaHaaH:

Skx = Jy Puxdt, Siy = [y Piydt, Siz = [} Pesdt, (3.133)

Xankapo CH Gupnuxnap (3.133) cuctemMachmoa Ky4 HMIOY/ECH H.Cc. OunaH
ynuananm.

Mopmmit HyKTa YUYH XapakaT MHKIOPHHHHT ¥arapHimM xakHjari TeopemMa
Kyiinnarmva Tabpudnadamn. HyKTa XapakaT MHMKAOPHHHHI OHpop 4ekimH BakT
OpaNMFBAa Y¥3rapHIuM, YHra TahCHp 3TYBYH KyWIADHHMHC IIY BakT OpalHFHOArH
HMIIyNBCHTa TeHr O¥nanu.

Teopema nuddeperHian KYpHHMIOA Ky AMpnarnya é3unann:

d(mi) = Xp_, P dt (3.134)

Hykra XapakaT MHKIOPHHHHT 4HEKIM BaKT HYHAAa ¥3rapuiiM XaxHmard
Teopema Kyiinaarvua ugonanaHanH:

mb —mvy = Y-, Sk (3.135)

IOxopuaarn ndonaHv KoopoHMHaTa ¥knapHra NpoeKUMAnacak, KydHaard

TeHr kK Iapra ara 6¥namMus;
n

muv, —MUpx = ZS,“ = Sx
k=1
mv, — mugy = They Siy = Sy (3.136)

™
my, —mvy, = ZS"' = 5;
k=1

Xocun 6¥nraH  TeMrnMKnapfaH ' KYpHHHOG TypHOOMIGL, HYKTa Xapakar
MHMKOODHHMHT GMpOp KoopanHata yxu O¥iivua dexnd BAKT HAMOa ¥3rapHmy, 1y
BAKT MYHIATH HYKTara TabCcHp 3TYBYH Ky'wNap HMITy/NBCNIAPHHMHI Maskyp yxaarn
NPOEKLHANAPHHHHT anrebpank MHFHHIHCHTA TeHT G¥nap sxan.

3.2.2. Moaanii MyKTa XAPAKAT MAKIOPHHHAT MOMEHTHHN ¥irapume XaxkHgarn
Teopema

Monmsii HykTaHHHT 6Mpop Mapkas atpodmparn afnaHmmmHEN Hdomanamga,
XapakaTHHHT J4oBM cuaTHOa, HYKr4 XAPAaKAT MHKZOPHHHHC MOMEHTH
TYWYHI3CH KHPHTHIAOH.
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Maccack m, xapaxar Teanurd ¥ 6¥nran M uyxtanuur 6upop O mapxasra
HHcOaTaH XapakaT MHKIOPHHHHI MOMEHTH, Ne6 HyKTa XapaxkaT MHMKOODHHHHI Iy
Mapkaira HuchaTan MomeHTHra aitrinany (3. 17-pacm):

M HyKTa XapakaT MHKIOPH MOMEHTHHHHI MOIY/IH KyHHIArH9a aHHKIAHANM:

lu=mv'h (3137)
Gymna Ah—m¥ BextopHHHr O
HykTara HucbaraH  XucobnaHraH
enKacH.

Hykrara HucOataH Xapaxar
MHKOOPHHHHT MOMEHTHHH
KyiHnarn4a ndopanam MyMKHH:

{, = fxmv (3.138)

Xankapo CH  Gupmmnap
CHCTeMacHa MOOMMA HYKTA Xapakar
MHKOOPHHMHT  MOMEHTH kr-m/c
6unan yruanamy.

Mononu#i HyKTa XapakaT MHKOOPH MOMEHTHHHMHI ¥3rapuiid Xaxdnars
TeopeMma Kyiinparvua tanpndnanagy: Moaanit HYKTa Xapakar MHKIOpHHHHD
Supop KyIFAIMAC MAPKAIra HHCOATAH MOMEHTHAAH BaxT 0OyitHua
Xecofanras XocHJIa HYKTara TabkCHP 2TYBYH KYTHUHT 1My MAapkKaira
nucharan MmoMeHTHra Teur G¥nagmn.

3.17-pacwm.

2o = My(P) (3.139)
(3.139) mu JlexkapT koOpOHHATA YKNiapMra MPOEKLMANACAK, HYKTA XapaKar
MHKOOPHHHMHT  KOOpAMHATa  YKnapura by
HHcOaTan MOMEHTRapHHH Yarapumm
XaxKHgars TeopeMaHHHT Xyimpoars

HdogacHra ta Gynamus;
= M(P); 52 = M, (P); 52 = M,(P):
(3.140)
Oxopupna émnran  wudonanapnas
KypuuHb  Typubauxm, MoooHA  HyKTa
XapakaT MHKAOPHHMHI OHpop Ky3ranmac
¥kxa HHcDaTaH mMoMmeHTHgaH sakT O¥Finua
OJIHHTaH XOCHfA, HYKTara TabCHP 3TYBYH
KYYHHHT 1Ty ¥xka HHcDBaTtaH wmoMeHTHTa 3.18-pacm.
TeHr O¥nap IxaH.

=Y
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Macananap eumiuna, HYKTAHHHT MapKaiMii Kyd4 TabCHDHIATH XApaKkaTHHH
ypraHuIr anoxMaa YpHH Ty TaaH
( 3.18-pacm).

Byngait  xonma Mo(P) =0 sa (3.140) nan Ty = const 6ymunn marmym
6¥namn, 6y xon MooAMi HYKTa XapakaT MHKAOPH MOMEHTHHHHT CaKjaHuid
KoHyHeHY ndoganainu;

T;,’ = const,
EKH Fxmx = const (3.141)

Arap fo = const 6ynca, OwprHIHOaH, wmapkasHii Xyd4 TabCHpPHHEArH
HYKTAHMHT TPAeKTOPHACH OHp TeXMCIMKNA ETYRYH 3TPH WHINKAaH HOopar 6¥namm,
BKKHHYHAaH, (3.141) nan

mv - h = const
IKAHITHIH EKH
mvyhy = mvah, (3.142)
6y mamy masaym G nanu.
(3.142) naH KyiHnnarsHn E3dU1 MyMKHH:

b (3.143)

vy hy

(3.17-3.18-pacmra xapaHr).

3.2.3. Moaamii HyKTa KHHETHK JHEPrHSCHNH VIrapuilld XaKHAarn Tecpema

Monouii HyKTa KHMHETHK JHEPrHACHHMHT ¥3rapHIIH XakHOarH TeopeMaHH
Ypranumpa, KySHHHr 6akapraM Wi TYIIYHYACH acocHii TyIIyHYa xHcobnanany.
Arap Moanouil HyKTara yarapmac Ky4nap TascHp 31ca, GyHnai kyunapnan xap
GHpHHMHT Gaxkapran HH Kyiingarn gopmyna acocHaa aHHKIaHAIH:
A= Py-5 cosa, (3.144)
byHaa
S — HYKTaHWHr xjunmu (i)
& — KyHHMHr iyHanuuy GHnaH HYKTa XapaKaTnaHaéTraH
TYFPH YHAHK opacugaru Bypuak,
Arap mopaHii HyKTara ¥arapysuaH Ky'wiap TascHp aTca, OyHmail KyunapoaH
Xap Owpummar Oaxapran wmM Kydugard dopmynanapmnad 6upm  opxamm
aHHKJIAaHALH:
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Amymz) = I:PkCOSII' *ds (3.145)
s
Ay = Io P+ ds (3.146)
Aprmy) = J':,’(Pudx + Pyydy + Py dz) (3.147)
Xankapo CH Gupnnknap cHCTeMacHRa KyUHHHI HIUH Xoyana yadaHanu: 1x
=1 n.M.

OrupnHk, 3NacTHKIMK, MapKaiHH Ba HINKANAHHI Ky YHHHHT HIUHHH aHHKIaW
ycyJuapH DHIaH TaHHIIAMH3.

Monnsit HyKTa OFHMPAHK KYYHHHHT MINH OFMPJHK KYUHHHHr MOOYnH Omnad
HYKTAHMHT OOWLNAHFHY Ba OXHPrH BA3HATIApHra TETHIUWIK  GanaHmIHXIapH
dapxiimr mycbar éxn mandHil Wmopa OmnaH OMMHraH KYTIaHTMacHra TeHr
6¥nanm.

Ag=3G-H (3.148)

ByHna mMycGar Hinopa HyKraHMRr Tymudmura (nacafnoura) (3.]1%a-pacm),
MaH¢nit HIOpa 3ca, HYKTAaHHHI KyTapautamura (3.196-pacsm) Moc xenaau.

|

M b
¥ 4

M

E

E
3.19a-pacm. 3.196-pacm.

Arap mopmmii HyXTa TOpH3OHTan HyHaiMmza xapaxkatianca (3.19s-pacm)
OFHPNIHK Ky4HHHHI DaxkapraH My HoNra Teur 6ynamm.

M M M
G
3.198-pacm.
DIMACTHINIHK KyYHHHMAT DaxapraH HIIH KyHHAAar#ya aHHKIAHaOH:
c-h?
Aoy = iT‘ (3.149)
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6y udonana
¢ — NpYXHHAHHHT GHKHPAUK ko3 DdHLMEHTH,
h- npyxuna  pedopMaimach  (ysaitmm  éxkM CHKHIMIUH),
nedopmauHIaHMaraH XonataaH xucobnanans (3.20-pacm).
3.20-pacmua ! — npyKHHAHHHT TAOHHIT YIYHITHIH,

3.20-pacwm.

Tavcup unanry xap goum dalonnar Gupop K¥IFanMac HYKTACH ODKauIM
YTYBUM Ky4 mapKasHil kyd meifmnanu. MacanaH, epra xap oMM Ky€wl Mapka3ura
AYHanraH yHMHT TOPTHII Kyud TabcHp 3Tand. Bynnan Tamkapu, mapkasdii xyudra
3NEKTPOCTATHK BA MATHHT Ky4IapHHH XaM MHCOI KHIHD KypcaTim MyMKiHH,

ByTyH OnaM TOPTHIMIUH KY4HHMHT HIIHHMA XHcobmafnmx:

F=k=r (3.150)
Gynna
k — 6yTyH onam TopTIMIH
JOMMHIICH

M — Kyém maccacH
m- Ep maccachn.
r=0M (3.21-pacm)

3.21-pacm,

Bynpail KyuHMHT KHCMHH
Gupop kiumwmga GaxapraH MUK Ky AHaard dopmyna acocHIa aHHXIaHAH.
A=xMm2=2 (3.151)

Lp
6y udonana = 0M,
= OMZ
MyxH TaLKHONAIN TOIMMKH, MAPKa3HH KyyHuHr Gaxaprad HInH y k¥iunrad
HYKTaHHHT KaHgai arpH un3uk 6¥inab konuura OoFmK OynmainH.
Bornannwnary xucmnapHYHr GHPH HEKHHuMcHra HHcbataH cHmDKMranna
ynapHiHr Gip GHpHra TerHt TypraH cHpTaapHaa XocHn 6y nagMrad KapIiHK KyaH
HIOKANBHHII Kyud paefmanu. Mmxamammn kywyd Kyingard dopmyna acochua
aHWKTaHaOM;
Fow=f-N (3.152)
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6y ndonana [ —mmxanaHH ko3ddrineHTH.
N- CHPTHHHI HODMAJI DEAKLIMACH,
Hmxanannmm KyusHH XHcMHMHT Oupop § cwbkMmiuaa Oaxapran MM

KylHoarnua aHHKIaHaIN: N
A=—-F,*5S . (3.153)
6y udonana 5 - HQM, éfi ysynmru (3.22-pacm)

Hmxanamin KY4HHH ACHCMHHHT

cHpnanuwnna OaxkapraH HImKA  Xap norm F""" Y] L

MaHpHil minopara 3ra GynanH. (/ —\M
Mopauii HYKTAHHHT KHHETHK JHEPruiacH, . y

Aef HyKTa MacCaCHHHHI YHHHT  TE3NTHIH

KBAaOpaTHra KyTMaiiTMBCHHHHT SpMHTa  TeHT 3.22-pacm.
2
6¥nran m—:— ckansip KaTTamuxka affmwiamw. By udonana m — Hyxrta maccacm, v—

HYKTaHHHT a0CO/moT TeTITH.

Xankapo CH Oupauknap cucTeMacHaa XHHETHK 3HEPruA KoyJulapoa
¥IaHaH.

Mopmuii HYKTa KHHETHK D>SHEPTHACHHMHI Y3rapMiii Xaxkuaard Teopema
MaTeMaTHX Tap3na KyHuaardya ndonanaHagu:

m:’_m_z,‘_l,gk (3.154)

Kypruub Typubauxn, 6uMpop uewIH KyuHmnoa, HyKTa KHHETHK
IHEPrMACHHHHT VIrapHIIH YHra TabkCHP 3TYBYH KyWIapHHHI XyOOH LWIYHOa#
KyoHmAaa Gasaprad HULTAPHHHHT HHFHHIMCHIA TeHT O¥Jap 3KaH.

Mognonit HyKTaHHHT MHepUHMA Kyud 1ef, HyKTa MACCACHHH YHHHT
TeVIAHHIIWTA KynaiiTmacura TeHr ©O¥siraH Ba TeanaHMIl HyHa/MILUHra Kapawma-
KAPLIM X0Ja HyHANTaH BEKTOp KATTANMHKKA aifTHagH,

% = —md (3.155)
Huepuma KyaH MonyH KyHHaarsda aHHKIaHaoH
Q¥ = ma (3.156)

Arap MoomMA HYKTAaHHHI XApakaTH 3TPH 9HIMKIH  XapakaToaH wbopar
6¥nca, sHepuMsa KYYUHHH TAINKM J1 STYBUHIAPTa — TPAEKTOPHATa YPHHMA Ba HOopMan
Xonna HYHAITaH HHEPLMA KYWIapHIa aXpaTHIl MyMKHH!

o = U + P (3.157)
6yHna
oY = —md", (3.158)
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a = —md",

yJapHHHI MOOYJUIAapH 3Ca KyAMAArHua aHUKIAHARM:

¥ =ma, = '“T’z (3.159)
T
¢3=ma,=§§=% (3.160)

3.2.4. Moaauii wyxkra yays Janambep npuHoOnnH

IJpPKHH MOOAWA HYKTAHHHT XapakaTHHHM ¥prawnmpna HeiotoH KoHyHnapHmaH
tdofinananmnans, TexHukaga  yupaigiradH KaTop MacananapHH  eyHupma
BSornasumaap KFITHITaH CHCTEMAHHHT XapakaTHHH YPTaHHIITa TYFPH Kenamy,

Byunait cucremanapHuHr XapakatuhH Ypranmiupa S.T'epman, JLJitnep sa
X HanambGep TtoMonupad kamd kunuHTaH Ba «JlanamGep npuruHY  neb
aTanagMraH NpHHUHNOad gofinananym Kyaait 6nam.

Dapai kunainuk, Moaaui Hykra Gup Bakraa F;Fz', ..,Fn AKTHB Ky4iap Ba
E,Ff;, ,?M': GornaHWIINGp peakuuanapH TabcHpHAa 6¥ncum. Bymnail HyKTara

TaLCHP ITYBUYH KyWIap KATOPHTa RIADT/H PABHINAA MHEPLHS KYUHHH XaM KyuaMus,
YV naiitna spxud GynmaraH MoOOMH HYKTa YHyH AMHBMMKAHHHT acoCHi KOHYHH
KyHHparv4a éaunanu.

P+N+(-md)=0 (3.161)
By ndonana —md = ® — MonaMIt HYKTAHMHT HHEDLMA KyUH,

ByHH anTHOOpra oncak, (3.161) ky¥vnarnua éamnann:

B+N+d=0 (3.162)

(3.162) ndona opxkuy OynmaraH HykTa yduyH [anambep nNpHHUMITHHH
ndopanafign: akTHe Ky4 Ba GOF/IaHHI PEAKLMSCH KYHH TALCHPHIArH HYKTATA Xap
OHA HHEPUMSA KYYHHH K¥ucax, Oy kyunap ¥3apo MysosaHaTRauanu.

HJanamBep MPHHUMIMHHHT MOXHATH AMHAMMKA MacananapHHH euHIaa
CTAaTHKAHHHT MYBO3aHaT TEHrJIaMaapHra $hrauawm TEHraManapaan
doiinananmmomp, seHl, Janambep npuHimmH épramuia AMHAMHKA MACANANAPHHH
ey, (popMan paEHINga, CTATHKA MACAANADHHH €HMIIra KeTTHPHIANH.
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3.2.5. Moaanii HYKTa AHHAMHKACHHHHT YMYMHIi TCOPEMANAPHTS J0HD
MACANANTAPHH e9HID YIYH YOTybmil xipcarmanap

Monouit HyKTaHHHT XAPAKATHHH MODAMI HYKTA JHHAMHKACMHHUHT YMYMHil
TeopeManapi époaMHIA ypraHumaa KyHHiarunapra 3sTHoop OepHiu no3anM:

a) Macanan: GepunraH KaTTAMHMKXIAp EKH AHHKIAHHIM no3um  Gfnran
HOMALAYM KATTAJHKNAD KATOPHIA HYKTAHMHI XAPaKaTAaHMIL BaKTH KaTHAICa,
MOaMH HYKTa YUYyH XapakaT MHMKOOPHHHHI ¥3rapuiu XakMaars TeopemaaaH
doitnananum maxcanra mysodHk 6¥nann.

6) Macanana, GepHnrad xaTTanHKIap €KH aHHMKNAHHIMK no3uM 6¥nran
KaTTAMHKNAp Katopuaa, macoda (Hyxra Oocub yrram iyn) xaTHawca, Moaqui
HYKTa YYYH KHHETHK 3HEeprHaAHHHr ¥3rapHiuy Xakugard Teopemanad dofinanaruu
Makcanra MyeodHxk Gynanu.

B) Arap Xapaxaria 6yiraH MOMOHIT HyKTa Mapkasuii kyu TancupHma 6ynca,
MacanaHH euHilaa, MOOOHH HYKTa YYYH KHHETHK MOMEHTHHHI Cax/aHHIIN
KOHyHRAaH dofimananum xynai 6¥aams,

r) Monauii xHCM XapakaTH BakTHOA, TasSHUra KYPCaTHNAMHraH RHHAMMHK
Gocumnapum anuknawna, [Janambep npuHuMmoaH doiinanaHMm  Maxkcanra
mysodux 6¥nann.

3.2.6. Moanni HYKTa ANHAMHKACHHHHT YMYMHI TEOPEMANAPHTa JORD
MACANANAPHH ¢9HII HAMYHATADH

1-Macana.
Marepuan wykta ned xabyn wpnvmran, maccacn m=0,5 x2 6¥nran mapua,

Yxi mepTHxan TekMCITMKHA Oyaran Hafiua wamma A4 XONATOAH XapakaTHHM
Gomnaran. IMapwa hp maceda Gocub
yTrau, npy&XUHATAH axpananH.
IMapuammur B, C, D xonatnapnnarn
TeurHry Ba C xonatHna Haliuya nesopura
KypcaranguraH OOCHMH  AHHKIAHCHH.
TpaexropisaHuHT 3rpH HH3HKITH
ydacTkanapudaa — MIIKANAHMLI — KY4H
xucobra oNHHMACHH. T- wap4yaHuur BD
ydacTkafa XapakaTaHKm eaktd (3.23-
pacm).

Bepunran:

he=0.5 cm

AR
=
=

3.23-pacm.

1les



R=1Inm
T=l¢
m=05 xz

a = 309

B = 602
c=1000 n'm
0,1

W= D

Eanmu;

Mapuaruur B Ba C HykTanapHoars Vg Ba U, TEAUTHKNapHHH aHHKMAIN y9IYH
KMHETHK OJHEPrMAHMHT ¥IrapuiuM  Xakuoars TeopemamaH  doftmanmanmmms,
IMapuauuur AB sa AC yuacTkanapaart XapakarH OFHDJIHK G Ba MACTHINHK F) pacr
KYWiap TaeCHPHJA H03ara KenaiH,

b TR = T A = Ag + Asgacr (3.163)
ByHpa
Ag=G'H, H;=R—Rsina=R(1-sina) (3.164)
Amc =22, v,=0  (.163)

Bynapum apbopra oncax, Vg KyHuaardra tesr G¥nanu

h2 2 1000
v = jug + %[c(n - Rsina) +°T"] = \/&—5 [0,5 -9,8- (1 — 1sin30°) +"'i"° 52 =

-J—[us +9,810,5 +=-0,25 = 11,55m/c (3.166)

IMapuauunr AC yuacTKapary xXapaxatwHH Ypranamus, By ywacTka yuyH
KHHETHK JHEPTHAHHHT ¥3rapiiiH XaKMaari TeopeMa Kyinparnda ésunann:

’“:‘ w T A= Ag + Aypacr (3.167)
GyHna
Ag = G(R + Rsina); Ayper = fzﬁ (3.168)

Bynapuu ax™bopra oncak (3.168) nad v, KyHHOardva aHMKIIaHAIH:

ve Jv,.+ [ng(1—sma)+—t J [05-9.8-1(1+05) + 220,25 =
11,55m/c (3.169)
IMapuanrsr ' HykTtana TpyOka nesopura xypcaragurad OGOCHMHHM
aHukmaitvuz, Moonu#t HykTa yuyH [JanamBep mpHHUMMHMra acocaH HykKTara
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KJTHITAH KyWiap Ba HYKTAHHHT HHEPLIHA KydHHH reomeTpuk finFuxancy Ora TeHr
6ynanm (3.24-pacm).
G+N.+0" =0 (3.170)
Monmii  HyKTaHHHT HHEpOMA Ky HHH
¥puHmMa Ba HOpMan TalllKH N 3TYBYHNIApra
KPATHII MYMKHH:
T = + O (3.171)
Cx yxuAuM  ¥TKascak, ¢, N pad"
KyYnapHWHT  YKAArd  NPoeKUMsNapHHUHr
HUFMHOMCH HOMTA TeHr Oynamu:

X

—Gsina —®" + N, =0 (3.172)
By ndonanaH:
2
mv,
3.24-pacu N, = Gsina + ®" = Gsina + Tc =

= m (gsina + %) = 0,5 (9,8 sin30° + 1325) — 68,5u. (3.173)
MMapuanpsr J xonartaard TeMTTHHH, BJ] ywacTka ydyH MOmAwil HyKTa
XAPAKAT MUKAOPHHHHI ¥3rapHuIH XaKHaard TeopemManan doiinanannb, aHMKAaHMH3
(3.25-pacm),
mvg, — mvge = X Skx (3.174)
By xonatna mapuara Kyiugars Kydnap TanCHD 3TAOH. OFHDIHK KydH ff,
Haifya AeBOPHHHHI PEAKIFACH N sa mumxananum Ky Fug

3.25-pacm.

MmxanaHHin Kyd¥ Kyfisnaryda aHHKiaHany;
Fyu = f N = fGcosa (3.175)

Masmywnad
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Vje = Vi Vax = Vg LSux = GSINB -t — Fug * t = (mgsing — fmgcesp)t (3.176)
ByHnait xonna
mvy — mvy = mgt - sinf — fmgtcosf  (3.177)

By ndonanan
vy = vg + gt(sing — fcosf) = 11,51 + 9,8 - 1(sin60° — 0,1c0s60°) = 19,5m/c
(3.178)
XKasobrap: v.=11,51 m/c vy = 19,50 M/c
vy = 11,55 m/c N.=685H
2-Macana.

Monamit Hykta ped kaOyn KHIMHTAH [Iapya  BepTHKAN TEKHCIHKAA

woinalray Hafiua waMna A XonaTaaH ¥3 XapakaTwHu Gouutaian (3.3 1-pacm).
Hyxrauuur 4 Xonatpa npysdiHa hg=0,5 M ra curwmwan Ba w,=0. Beprixan,
neopMaUHANAHMaral  TIPY/KHHEHMHT JHT XK&8TTa CHKWIMIOM & AHUKAAHCHH,
npyusanapiuir 6upauk koadduunentnapu e=100 n/m, R=0,1 M., mapua Maccacu
m=0,44kr, WapuaHHHr Hafiua fAesopura Mmkanauum xo3dduumentn f=0,2.
IMapuannHr Haiiua aesopura C HykTaga Kypcatanurad 60cHMH Xam aHWKNAHCHH,

o
=

r e

3 A
x|

O
Q.
I-LA
AVAVAVAYAYAY
B R
3.31-pacm.

Eunmn:
IHapuauuHr Haliva pesopura C xomatma xypcaramuraH GocumH Mopapnit

HykTa yuyH Jlanambep npHHLMNIHOAH aHHK1AHATH:
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G+Eya+N+d=0 (3.229)

: @,
il =
[
G
3.32-pacm.

—

N Hu aHmgiall YNyH IOKOPMOArHHHHC X8p HKkana Tomonuuu Cx ¥ura
MpOeKLHMANAIMHS!

; Ge+ Fypr + N, + 9, =0 (3.230)
Gynza ; ::s 0 G =10 : (3.231)
vt Fawx =0 (3.232)
_'.!,-g"I{J!:.';;;-;PK =0 (3.233)
T Ne =N (3.234)
Macanana 5 nritg

—N =0, meun N =0 Gynanu. qymm HalMaHIHT BePTHKAL XONaTHIa Lapya
Haitua geBopura GocHM KipcaTManou.

Pacmpa meprHkan  xonarga  OxofnaliraH  [pyXHHAHMHT  JHT  KaTtTa
CHKMIMIIMHH  aHukyiam  yuyH, AD yuacTkana, MOIOMIA HYKTa KHHETHK
3HEPTHACHHHHI ¥3rapHIUH XAKHOArH TeopemanaH doinanaHaMus

moj ﬂ = T Ay (3.235)

z
Byuna vq = 0, 9yHKH NPYXHHAHMHT JHT KaTTa CHKWIMINH XONaTHOAA Wapya

6Hp OH TH¥XTAAIM.
Macasia mapTHra kypa v, = 0
¥ naittha
YA, =0 (3.236)
Hxxamau ToMonzan:
YAy =Ag + Ay +A50T + Ay + AleT : (3.237)

G ormpnnx kyun ¢axar B/ yuacrkana i Gaxapanu:
Ag = =GHgy = —=G(2R + h) = —mg(2R + h) (3.238)
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AB  yuacTkaja IDapuara TABCHD 3TaNHraH N Ky9 10apya XapakaTH

AHANHMIINTA MepreHAMHKYAAp DY NrannHryH yayH Hiu baxapmanan
Ay=0 (3.239)
AB yuacTkana MmxanaHuw Ky4uHu OaXkapraH MoK KyAMOarura TeHr:
Ay = ~Fy-R=—fNR =—~fGR = —mgfR (3.240)

TopusonTan Ba BEpTHKAZN NpPYKHHATAP JIACTHIITHK Ky'WWIapMHHHT OaxapraH

HULTAPH KyHHOard4a aHHK1aHanu:
2 2
AR =52 AN =-%=- (3.241)
Bynapum abTHOOpPra oncax

2
YA =-mg(2R+h) —fmgR+<8 - _o  (3.242)

2 2
ABHH
2
2L+ mgh + mg2R + fmgR — 22 = g, (3.243)
EKH
h? 4 2Oy [ZRORCED _ 2] =0 (3.244)
TeHrnamaHH Ky AvAaraga 83U MyMKHH
2, 20498 20,4-981(240,2) _ _
pE 4 20808 4 Z0ASRN 0,25 =0, (3.245)
EKH
h? +0,0784h —0,0775 =0 (3.246)

Xocun G¥nran keagpaT TEHrMAMAHHHT HIEHANTAPHHH AHHKNAMK3:

hy, = —0,0392 +./0,0015 + 0,0775 = —0,0392 £ 0,2811 (3.247)

Hemak, npy:XHHAHMHI JHT KATTA CHK}WIHIH i1 =024 M 6¥nap >kan.
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3.2.7. MycTakn euHII YIYH Tanabanapra TaBcHS ITHIAAHIAH MACANIANIAP
Tonuupnx /-2

JuHaMBKaHHHT acocuil TeopeManapHHH MOLOME HYKTAaHHHr XapaKaTHHH
¥pranmura TanbuK ITHIL,

Monouit Hykta ne6 xayn KMAMHYBYH map"a ¥KM BEpTHKaN TEKHCAWXOA
oilnaiirad HajfiyaHuHr HuMaa A Ba3HATAaH XapakatnaHa Gownaiton. IMapyaHuHr
B Ba C BaanaTnapugars Teanurd xampa C pasmaTAa YHMHI Haidda nesopura
KypcaTanuraH GoCHMH TOMWICHH.

TpackKTOPHAHMHI 3PH YHIMKAH KHCMJIapHOarn Hikananwny  Xpcobra
onuuMackH. 2, 4, 10, 13, 14, 16, 18, 21, 24, 25, 28 sapuaHTnapaa wap4a M, fiyn
§TH6, Mpy»MHanaH axpanani.

Tomunpukaa kKyiimpard Genrmnaminap xaGyn KMIAHHIaH: M — MAPYAHHMHT
Maccas, ¥, — WapYaHHHT OOLLIAHFHY TeWHry, T- wapyaHuir A8 kucmaa (3, 5, 6,
8,9, 12, 15, 17, 23, 26, 29, 30 papuanTnapna), 8D kucmpa (1, 2, 4, 7, 10, 11, 16, 18,
19, 20, 21, 22, 24, 25, 27, 28 sapHaHTnapOa) XapakaTAaHHIl BaKTH, f-apuaHHHr
Hafiya [eBOpHra CHPMaHHWI-HIIKANAHHI KodgpHuHeHTH, Mgy  NPYXKHHAHHHT
Gouwnanruy nedopmaymncH, h — nOpyKHHAHMHr MaKCHMAN CHKMAHIIN, © —
NpY»XHHAHHHT OHKHpIHK ko3dhduumenTH, A — WapuyaHHHT MaKCHMaNn KyTADHAHI
Ganannnurn, § — wapyaHHHr TYXTaryHda yrrad fynu,

ToNmHpHKHH eYHII YIYH 3apyp MELJIYMOTAAP KAaOBANAa KEJTHPUITaH.

Hcadear
Kyommmaa
E Tonmreprcau emum yaym 1apyp ANNIK/IAHE
2 Tonmupnk cxemanapn e
2 i MALIYMOTaap Mol
Nap
1. 2. 5 :
1.
m = 0,6 k1,9, = 4 M/c
u = —
A a T=02c., R=20M ﬁﬂ
’ g f=04a=30°
c E__m
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m=0,4kr,9 =0M/c

t=02c,R=10Mm

U
f=02a=30°
hy =20cm,c = 11/cM
m=0,2kr,8, =4M/c
T=04c, , R=15Mm -
f=0.2, @ = 45°
m=0,2kr,9 =3 M/c
t=01c,R=04m
& M3, f=03,a=30° I
A
£ =60°%hy =10cMm,
c=05u/cMm
m=0,4xr,0, =20 mfc
T=1c,R=05m
h
f=02a=60°
A _3% hg = 0 cm, c=12H/cm
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m=08xr9, =4m/c
t=03c,R=03M

f=02a=45°

f=01a=45"

A9
m=0,6kr,0, =2M/c
T=04c,R=02m
O, h
f=02a=45°
5 D heg =0cM,c=L1L1H/cMm
rrrrrrrrr i o
S
i m=0,4xr,94, =3 M/c
t=04c,R=02M
9p
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m=0,6kr,d, = DM/C
T=0,4C.,R=016M

f=02a=60°8 =30

10.

m=20,2 Kl‘,'ﬂﬁ =0 “/c
t=02c,R=05M
f=02,p=30°

ho = 30 cM,c = 0,4 H/cM

11,

ol

m:O,‘le([‘,ﬂ,‘ = 4“/‘:
T = D,l C.,R = OJZM

f = O.Zta = 30“

12.

m=0,6 Kl‘,ﬁg=4’“/c
T_—-D'zc'rR =0'4“

f = 0,15,“ = 45“
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13.

m=0,4xkr,9, =6M/c
tT=01c,R=06M
f=035a=30°

B =15%h, = 60 cM,

c=0,1n/cm

14,

m=06kr,9, =0M/c
t=02c,R=05m
f=02a=45°

B =30%hy =50 cMm,

c=0BH/cm

15.

m=0,6kr,d, =6M/c
T=02c,R=06M

f =0,15,a = 30°

{ne
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16.

m=0,2kr,% =2 M/c
T=01c,R=10M
f=0,15a = 60°

ﬁ' = 200, ho = 50 cMm,

c=0,2H/cm

17.

ot

m = 0,8 kr,8, = 0 M/c
t=20c,R=30m

f=01a=60°p =30°

18.

m=0,4xkr,d, =0m/c
T=02c,R=10M
f=01a=230°

B = 60° hy = 50 cM,

c=10n/cm

i




19.

m=0,6kr,9, =6M/c
t=04c, R=20mM

f=02a=230°pg = 60°

20.

m=0,4xr,9, =6M/c
T=20c,R=10mM

f=03,a=45%c=3n/cM

5. h

21

m=0,6xkr,9, =6M/c
T=01c.,R=05m
f=01a=30°

£ =60%hy, =0,2 cm,

c=0,2n/cm
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22.

m=0,6kr,8, =4mM/c
T=20c,R=40m

f=0.25a=20°8 =60°

23,

ol

m = 0,4kr,8, =2 m/c
= 0;4C'JR = 1,5“
f=0,15a =30°

B =60%h, =Dcm,

c=4H/cMm

24.

m = 0,6 Kr,0, =6 M/c
T=1lc, R=10m
f=01a=30°

hy = 50 oM, ¢ = 5 H/cM
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25,

m=0,4kr,9; =3 m/c
T=2c,R=40Mm
f=01a=30°

B =20%hy =30cm,

c =2 H/cMm

26,

m=0,2xr,¥ =6M/c
t=15¢c,R=20m

f=02a=30°

27

m=0,4kr,8, =6M/C
t=06c,R=10mM

f=01,a=45°




28
A m=0,6kr,d, =0mM/c

r=20c,R=20M

f =0,15a = 30°

hy =10cm,c =1 HfcM

29.

m=08xr,9, =20mM/c

T=02c,R=40m H

f=01,a=40°8 = 20°

30.
m=06kr,18, =22M/c
t=2c¢,R=20M -

f=02a=30%8 =45

Hiox:
- TOTIUHPHK BaApHAHTNApH Tanafanapra YKHTYBTH ToMoHHIaH Geprnagn.

- XMcoBOT Y4YyH THTY/]1 BAPAFH HIOBAAAH OJTHHALM,
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3.3. MexaHuk CHCTEMA YHYH KHHETHK JHEPTHAHHHT ¥3rapHIIN XAKHAATH
TeOPEMAHH MEXANHK CHCTEMA XAPAKATHHH FPrasHuIra Taabu HTHI

3.3.1. MexanHK CHCTEMAHMHI KHHETHK JHEPrHACH

MexaHHK CHCTEMaHMHT KMHETHK JHEPrHACH MEXaHMK CHCTEMAaHH TAIKKA
ITYBUM MOAAMA HYKTANAD KHHETHK IHEPrHANADHHUHMT apHdMeTHK ABFHHINCHIAH

nbopar G¥nagu:
T= m?
- Z 2

MexaHuk CHCTEMAHHHT KHHETHK 3HEPTHACH YHWHT XaM HIrapHIaHMa Ba XaM
aiinanma XapakaTHHH XapaKTeplnoBYH KaTTanuk xHcobnarnaom,

Arap MexaHHK CHCTema 6Hp HedTa MOIAMI! XKHMCMIADAAH TAIUKHJI TOMraH
6ynca, OyHoail CHCTEMAHHMHT KHMHETHK 3IHEPrHsCH CHCTEMAHH Tallkil 3TyB4YH
MHCMIIAP KHHETHK JHEPrHsTIADHHUHT apHipMeTHK AnFuHAHCHAaH nbopar O¥nann:

T-_-ZT[

KuneTHic 3Heprus CKansip Ba xap noHM MycOGar Hinopara sra 6¥araH KaTTanuk
xHcoDnaMagn,

Hnrapunansma xapakaraa G6Yarafd KaTTHK EHCMHHHET KHHETHK JHEPIHACH

Hnrapunauma xapakatna O¥nran XKATTHK JKHCMHHHT KHMHETHK JSHEPIHACH
KyHHoarn gopmyna acockuna xHcobmaHamH.
mu,?
c

TE.I'II" 2

By ndronana:
mM — KammuiK d}ucy maccaci
Up — KammuK HCM MAacca MapKa3HHHHT Te3JTHTH.

Ailnanma xapaxaria 6¥1ran KaTTHK XHCM KHHETHK JHEPIrHSCH

Aftnlaima  xapaxkatoa OysaraH  KATTHK SKHCMHHHI KWHHeTHK JHEPTHACH
KyHnmars ¢opMyna acockaa xucobnanagu:

1 2
Tai'ul = EJS“"'

By ndopana:
J; — xammux dencarnz aitnaruu yu2a Huc6aman uHepyus MOMeHmu,
W — KQINMuK HCUCMIHNKZ aianma xapakam Oypuax meanuzu

182



TexHcHKKA Napannen Xapakaraa 6¥Iran KATTHK KHCMHART KHHETHK
IHEPruscH

Texncnukka napannen xapakatga O¥nraH KarTHK KMCMHHHI KHHETHK
3HEprHacH KyHnaarn ¢popmyna acocuna xHcobnananH:

1 1
T Emvf E,j'amz

By ndonana: m- xaTrsx Maccacu;

U, — KGnminiies; NCHCA MACCA MAPKA3 Meau;

Jez = KAMMUE NCUCATHENZ MACCA MAPKATUOAH FIyauu YEka nucbaman
UHEDHIR MOME NI,

W — KANUNUK NCUCMHNNZ Glinansa Xapaxam Gypyak pesiiu.

3.3.2. Mexanik CHCTEMA KHHETHK DHEPrAdCHHE FICapHIUH XaKHATH TE0PEMA

MexaHHx cHcTemMa KMHETHK 3HEPTHACHHH V3rapHIUM XaKMOoarH TEopeMa
Kyliuparnua Taspudnasany;

Teopema, Mexanuk cucTemansur 0OMpop weKH KyuMIIHOAa KHHETHK
JHEPrHACHHH YIarapHIIKN MEXaHHK CHCTeMara TABCHD 3TYBUM KYWIADHHHT MA3KYP
YeX/IM K¥4HIINAA GaKapraH HILIAPHHHHT anrefpank HHFHHOHCHrA TeHr Gynanu:

By udona:
Tp — MeXaHHMK CHCTeMaHHHT BOULTAHFHY X0aTHAArH KHHETHK JHEePTHACH
T — MEXaHHK CHCTeMaHHHT YeKAH KY¥YHIIHAAH KeHHHIH X0aTHOATH KHHETHK

IHEPrusacH

Z A}, MEXaHHK CHCTEMara TabCHD 3TYBYH TAWKH Ky4/IapHHHT CHCTEMaHKHT
YeXJIM KYHIIHAA GakapraH HIIIapHHHAET anre6pank HFHHAWCH

Z A} MexaHHK cHCTeMara TaLCHp 3TYBYH HIKH Ky4JapHHHT MeXaHHK CHCTEMaHH

YeK/H K{MHIIHAZ 6a)KapraH HUIapHHHHT anrefpank AHFHHAHCH
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3.3.3. KaTTuK MHCMEHHT MHEPLHA MOMEHTH

Moponit sykraHHHT Gupop ¥xkxa Hucbatad Gupop ¥xka nucbaraH HHEpUMA
MOMeHTH nef, MOMOMif HYKTa MaccacHHM MOMAMN HyKTamad afnandur yxuraua
6¥nran mMacotha keanparura kynaifiTMacura TeHr O¥IraH KaTTanHkKa aiTHIanH:

] =mk?

Exn

J = m(x® +y?)

Bup AMHCIN MacCacH M, TOMOHJIapH a Ba 6 6¥nraH nnacTHHKAHHMHT
MIACTHHKA FO3ACHIa NEPNeHOMKY AP X008 YHHHT MapKa3HiaH ¥TysuH ¥KKa
HHcOaTaH HHEPUHA MOMEHTH Kyiinnary hopMyna acocHIa aHHKIAHATH;

_ m(a® + b?)
Jo=—7r—

Maccacu M, yayrwmuru | G¥nran wHTiMxa GMpP HKHHCAH CTEPIKEHHHWHI YHMHT
MapKa3MOaH CTEPIKEHTa MEPHeHAMKY/AP XOnna YTyBYH YKKA HucOaTaH HHepums
MOMEHTH Kyiaars GopMyJia acocHIa aHHKNAHAIH:

_mi?
]z = 'E

Maccack ™, panHycH r b6ynran Gup XKHHCITH AHCK EKH IMIWHIPHHHT YHHHT
Ypra HucOaTaH HHEpLUHA MOMEHTH Kyiinaaru hopMyJia acocHia aHHKIAHALMH,

mr?
r =g

Maccacn wm, panHycH r O¥nraH XallKaHHHI YHHHT MapKasHOaH Xanka
TEKHCIIHTHTa TIEPAeHAHKYJIAPp X0nma ¥TyBuM ¥KKa HucOaTaH MHEpLHA MOMEHTH
KyiHmar# fropMyna acocHia aHHKNaHALH;

J; = mr?

Afijasnmn  ¥xkura HucbataH MHeEpUMA MOMEHTH Ba HHEPLUMA PagHyCcH

Ky#fnnars myHocabatna ¥3apo Gornanran 6¥nanu:
Iz = mp§
By ndonana p, — z ¥xpra HucbaTtal xHcofnaHTaH HHEPLHA pamHycH.
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3.3.4 Karruk mucMBEMHT napaten ¥aapra uucfaTan nHepiiHd MOMEHT/IAPH
xaxuaa I'orenc-1lreiinep Teopemacn

Teopema. bupop ¥kka HHcOaTaH CHCTEMAHMHI WHEPLMA MOMEHTH
CHCTEMaHWHT Maccasap MapKaid OpKanH Uy ¥KKa mapaiien parHiuia ¥iraH yxxa
HHcHaTaH HHEPLMA MOMEHTH BHNAH cHCTeMa MACCACHHH ¥Knap opacHmard Macoda
KBAOPATHTA KyNAi TMACHHHHI HMFHHOMCHIA TeHT Dynaau;

Jz =]y + md?
By ndonana:
Jz — xaTTHK ®ucMHMHT 0 $KpTa HHCOATAH HHEPLIIA MOMEHTH,
J2r — KATTHK KHCMHMHT €+ ¥XKA HHCOATAH HHEPLMA MOMEHTH
d - 0; Ba c s ¥xnap opacumaru macoga,
M - KATTHK KHCM MACCACH.
1. TopTHIWIHLI Ky4YHHUHT HIOM KyiiHnarid GopMyna acocHaa aHMKNaHAgH:

A=fm, mz(-:-; - :—1)
By ndonana:
f — TopTHIIMIL nOMMUIiCH,
M,y M, - ¥3apo TOpTHIyBHM HYKTANAp (KHCMAAp) MaccanapH,
r - ¢ Ba M HyKTanap opacsaary macoga
Miox. Maccacu m; ra Terr M momnuil HykTara ¢a3jona JOMMO K¥3ramMac, MaccacH

m; ra TeHr C HyKkrara ifyHanraH Ba MEKOOPH
F=F Tz

Tz
ra TeHr GYNraH TOPTHIDHW Ky4H TALCHD 3TagH.
Byuna:
f- TopTummn poumuiicH,
r- C pa M HyKTanap opacumaru macoda.
2. AitnaHyBun xUCMra KyiiHiraH sy T KyUHHHT xucMHH GHpop uexsM @ Gypyakka
Byprwmwraa Saxapran MIHn KyHugarn opMyna acocHOa aHHKIAHAON,
A=f: Hzde
By udonana:
Mz — #y T Ky MomerrTh (altnanim Fiura vucbatan xucodnananm)
Arap u, = p = const b¥nca,
A=ug
B¥naam.



Byuna xydT kyunuHr wmwmn mycbar xmucobnananu, arapaa y MHMCMHHHT
alinanMa XapaKaTHra Xe4 KaHOaii TYCKMHIMK KypcaTmaca. Axc xonga, #y¢T
KyuHHHT GaxapraH i Makd it muopara ara GynagH.

3.3.5. MexaHHK CHCTEMA YIYH KHHETHK JHEPIHAHH FirapHun xaKHaars
TeOPeMAHHHT MEXAHHK CHCTEMA XAPAKATHHH Ypranvmra TagfHi 3THION: AOHD
MACANANAD

Macana. MexaHik cHcTema GHp KHHCTH HWIHHAPHK XaTok-1, KyaramysuaH
610K-2, NOFOHANM WKHB-3, (TAWIKM WKHE paniycH R;, MHKH WIKHB panHycH T3)
Gnox-4, Ba 10K-5 napmaH TAWIKWI TONraH. 3-IUKHBHHHI afinanMw  kura
HHCGAaTaH MHEPUHA PAOHYCH P3 Ta TEHT, S-IOKHHHT TEKHCTHK GHnaH MIIKAnAHHII
xoeddiumentt f ra Tenr. CHcTemaHH TalIKWA JTYBYM >KHCMNAp 3-WKHBra
ypanmran un éppavuaa yiapo Gornawrad. 2-6nox mapkasu E Hyxra Gukpnnk
ko3duunenrmt C 6ynran npyxmnara Maxkamnadrad, [Ipysxmna 6ouwnaHrHdY
naiitaa nedopmaunananmarad. Macananm eqHilna HIT BA NpYyXHHA MaccanapH
IETHBOPra ONIHHMACKH.

Mexanux cuctema BGomnanrua TiHwLAK KonatHoaH F=f{(s) xyu rancupnna
XapakaTra kenaaH. 3-IKHAra TahcHp 3TYBYH KapillHIHK KYUnapHHHHT MOMEHTH
(xapunumix kipcatysud momedT) M ra tenr. (3.33a,6-pacm) MexannamMHHHT
5=5, 6¥nran xonam y4yH 3-IDKHBHHHT Dypyak TeATHIH AHHKIAHCHH.

3.33a,6-pacm.

Bepunran
m,=8 kr, my=0, mz= 4 xr, mg=0, ms=10 xr, R3=0.3 m, 73=0.1 m, p; = 0.2
m, £=0.1, c=240, ¢ = 0.6, F=20(3+2s) H, 5;=0.2 m.
Eanu:
1) Macana wapTtHaa GepHiraH MEXaHHK CHCTEMAHHHI XApakaTHMHH YpraHamms.
Macanana 1,3,5 xucmiap maccanapra sra 6¥nub, KonraH »Hcmnap maccanapH
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5 B e
bTHGOpra onuumaiinn. MexaHHk cucTemara P, Fopaern P1. P3, Ps, TallIkn

xyunap N; N3 N, N; - peakiissn KywnapH, 5‘2 MM TAPAHTTIHK KY4H, ?’:m. ?:m-
HIDKAUIAHMIN Ky'iapH Ba [ - KAPIIHIIHK MOMEHTH TABCHP KYpCaTanH.
Macanani euHW yHYH MEXaHHK CHCTEMa KHMHETHK JHEPIHACHHH ¥3rapHiun
Xaxkuoard TeopemanaH ofaanaHaMHs:
T-To=X Ak (3.248)
2) Mexanuk cuctemanmur Gownanruy Ty Ba S=S; 6yran Xonartn yuyH T kaHeTHK
JHEPrUACHMHM aHWKNaHMH3, MexaHuk cMcTema OournaHrMd maiToa THHY
xonataa 6ynrad. IIyHuHT yuyH xam Ty = 0.
Mexanuk cucTemaHuHr S$=S; XonaTHOArH KHHETHK 3JHEPrHACH MEXaHHK
CHCTEMa  TapxkHOMra KHpPYBUM  KHCMIIAp KHHETHK  3HEPrHsapHHHHT
AvFMHOMcHAaH Hbopat 6ynanu:
T=T; + T3+ Ts (3.249)
Macana wapriaan 1- xHCM TEKMCIHMKKA Napauien xapaxarna 6ynaam,
IMIyHuHT yuyH

Ty mvd + 3 Jewl (3.250)
3-mmcM Kysranmac VK atpoduna aiinaHma xapakataa 6ynagn. Iy yuyH
Ty=3 3w} (3.251)
S-umcM wirapunanMa xapakataa 6¥nany. Ilysuur yuyH
Ts% myv2 (3.252)
(3.250),(3.272),(3.273) naphu (3.249) ra xyitamus;
T=3m,vh +3/305 + msvd (3.253)

(3.274) ra kupysun Gapua TesanHMKNapHH @3 OpKanH Hiponanaiva, Bynna vy =
V5 = V4 IKAHJIMIHHU 36THOOpra onamns. (A HyKTa panuycs 13 6ynran kHyHK WIKHB
rapANIONOAry MXTHEPHH HyKTa) |-KOTOK HyKTamapH TeMTHKNAPHHHHI OHHA
MapKasHHH K, OpXanH Senrmnaimml. (KOTOK paqdycH 1y ra Tenr), Hamwkana:

Vy=vs =y s =—="log, 2 (3.254)
L1351 r n
(3.274) ra kKMpYBYH MHEDLMA MOMEHTJIADH KHMATIAPH Ky HHIAIHIIAPra TEHT:
1
Jea ='-_,'m1T12- J» =mypd (3.255)
(3.275), (3.276) napym (3.274) ra x¥iicax Kyimnaru HaTvoRara ora 6y namma;
T=Cmyr} +3map? +ymsrd)wl (3.256)

3 S=5; 6fnraH XonaT YuyH MEXaHHK CHCTeMAara TabCHD 3TYBUH TALIKH
KyunapHunr Gaxaprad HIUNapHHH pcobGnaiimud; ByHma Kyfmnarvnapeu

3nTHOOpra onaMHs:
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S$:=S,, 3-3 wKWBHHMT Gypwinm GypuarH, Ap,4; —npymuHaHMHT
Gowmnanrny Ba S5=5; Oynran xonatnarm ayawmmmnapu (nedopmaumsnaps).
Hatixana MeXaHHK CHCTEMATa TAbCHP TYBYH TaWKH KywiapHHHT S=§, Gynran
xonaTtha Gaxaprad HUINapH Kyitnoarunapra teHr 6ynanu:

A(F) = [ 20(3 — 2s)ds = 20(35, +53); (3.257)
A(B,) = Py - 5,5in60° (3.258)

" ?:m) =—Fg S5 = —fPsS; (3.259)
A(u) = pueps (3.260)
AFspaer)= (25 = 2D) (3.261)

Konran Gapya xywnapHuur GaxkapraH wmnapH Honra Tenr Gynagn. Yymxu
N., ?"lm,fz Ky4nap TeVUIHKNAapHHHI oHMiT mapkain O¥nraH K, Ba K, HyKranapra
KyinumraH. ,33, ﬁaﬁ* Kyunap kyiunraH HyxTanap KyiramMac, ﬁs — peaxkius Ky4H,
5= KMCM KJaHIIra NeprneHAHKyAsp XOLa HyHANraH,

Macana maptira x¥pa A, = 0, mysunr yuyn A; = Sg 6¥nagm, 6ynna Sg -
npyxuHa yuH O¥nraH E HyKTaHHHr cHDERWIH Sg Ba @3 JIapHH S; OpKaIH
udonanaiiMua:

wa = }:- = 1’;’: Vey =V, (3.262)
mymﬂﬂ'y'{yﬂ
@3 =2 (3.263)

L]

3.336-pacmpan Vp = Vg = w3R3, Ve =05, Vp =05 wiR;
(3.264)

A =S¢ =05p3R; = 0,522 (3.265)
E

(3.257, 3.258, 3.259, 3.260, 3.261), (3.264, 3.265) napum anTGopra oncax,
MEXaHHK CHCTEMAra TAhCHP 3TYBYH TANIKH KYWIADHHHT SaKapraH MIInapH yIyH
Kyiuaaru ndonara ra Oy namus;

Y A} = 20(3S, — 52) + P, S, 5in60° = —fP¢S, — ,ufJ:Sf (3.266)
E]
(3.256) Ba (3.266) napuu (3.248)ra x¥iicak KyHuoari HaTibkara sra 6y1aMus:

Cmyri +2mypd + 3merd)wd = 20(35, — 57) + P,S, sin60° — fP.S, —

2

u cR3 o2
'-;;'51 = ;I’; 51 (3'267)

Xocun 6¥nran ndonanan 3-mKkuB OypUak TEIIHIHMHA AHHKIAAMAS:
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w; = 8,1C™" (3.268)

3.3.6. MycTaxun eqHII Y9YH TATA6anapra TABCHE 3THIAAHCAH MACATANAD

Tonmupux 1-3.

MexanHk CHCTEMA YIYH KHHETHK JHEPrHAANHT FIrapHinH XAKHIATH
TeopeMAHHHI MEXAHMK CHCTEMA XAPAKATHHH FPrannmra Tanbux 3THW

Macana. Mexauuk cuctema | Ba 2 joxknap, TamxkH paguycH Rj , HUKH
panHycu ry3 Bynrax noronanu 3 wxudnar (ainaHmm yxura HucbaTan HHEpLMA
MOMEHTH p; = 0,2 M), paguycn R, = 0,2 M Gysran 4-GnoxnaH, 5-karokmaH
(x¥3ranysuan 610K) TawkKn Tonrad. Macanans eqHwaa 5-HCMHH BHD KHHCITH
wmnuHApaaH ubopat ne® xapam fo3uM, 4-610K MaccacHHM YHHHT TapOHInH
6¥#inad Texnc TapkanraH ne6 kapawr Tana® stunagu. XXucMaapHH TeKHCAHKAAp
6unan mkanasv koeduimrentd £=0,1 ra Tenr. CHcTeMaHH TaWIKHI 3TYBYH
sucMmap 3 wKHera (EKH LIKHB BA KATOK) ¥panraH unuap épaamuga OoriaHraH,
Hn 6¥naxnapn MoC TEXHCIMK/Iapra Mapaien paBHILAa TopTwiradH. MexaHuk
cHCTeMara knpysuM xHcmnap Gupura 6ukpnure C 6¥nran npyxHHa 6ornanran,

Mexannk cHcTeMa KYHMIHII HYKTAaCHHMHr Kyuumy dyHxumscH O¥nraH
F= ?(S) Ky4 TabCHpHOa XapakaTnaHand. boulnanruy naiftna MexadHk cHCTeMa
TeHr XonaToa OynraH, nNpPY)XHHA CHCTEeMAaHHHr OoWNaHFHY  XOnaTHAA
nedopmaupananmMarad 6YnraH MeXaHMK CHCTEMAHMHI XapakaTH HaBoMKga 3-
LIKHBra MUKIOpu M OYIraH KapIHIHK MOMEHTH TaBCHP 3TAAH.

MexanHKk CHCTEMA WYH3IMANApH, MEXAHHME CHCTEMaHH TANIKHA 3TYBYH
KHCMAAp Y14aMIapH, YIAPHHHT MACCANADH, KYHWNraH Ky4nap Ba KapurHimx
MOMEHTH MHKIODH #anpanaa Kypcarwirad. Xap Gup BapHaHTaa aHHKNIAHMIOH
no3arM BYNraH KaTTATHMK XAM KAOBATHHHT OXHPIH YCTYHHOA KeMTHPHITaH.

Arap TOMWMpHK BapuanTnhapuaa m; =0 6ynca, 2-10k KypcaTHIMaiIH.
Bowka >xucmnapHuHr Maccanapsst 0 ra TeHr 6¥iraH mapHadTiapna Maskyp
KHCMJ/IAp YH3MANAPAA KYPCaTHAAIH.

Hiox:

- TOMWHPHK BapHaHTNapu Tanabanapra YKHTYBYH ToMoHHOaH Oepriann
= XHcOoDOT TMTYN BApaFrH HIOBANaH OJIHHANM,
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Yanean

Homep | my s | my ke | mm, xr | my, KF | s, KT c, H/m M, F=f{s) Haiiri
yEa0- Hem
BHR
0 0 6 4 0 5 200 1.2 RO(4+5%) [
1 8 0 0 4 6 320 0.8 S0(8+3s) ¥
2 0 4 6 0 5 240 1.4 60(6+55) vy
3 0 [ (1] 5 4 300 1.8 R0(5+6s) )y
4 5 0 4 0 6 240 12 4094 w
5 0 5 1] [ 4 200 1.6 50(7+8s) Vi
[ 8 0 5 0 G 280 0.3 40(53+9s) wy
7 0 4 0 6 5 300 1.5 (O(8+55) vy
8 4 0 0 5 6 320 1.4 S0(9+25) uy
9 0 5 6 Q 4 280 1.6 BO{6+75) Vs
Bapuant 1 Bapwant 2
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Bapmaut 3 Bapukanr 4
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3.4, Mymxun 6¥1ran K¥aHI npHHLHIH

Mywmrpn 6fnras xjunm npuHUHnH GepunraH Ky4nap TabCHPHAArH MaLIYM
GornaHvunap KYMAraH  MeXaHH3M  CHCTEMaHHHI  MYBO3AHAT  INAPTHHH
ndopanaiinu,

Axmue rxywnap mavcupudazu woean, OGpwiamuaiioucan 6a CHRAmMCHONAp
Bo2nannIap KVilltazan Mexanux cucmesa Mygoianamda Gyt yyyn cucmemad
HYKMAIapuyuKe Xap Kawoaii aymxuwr Gprzan wywinunda bapya axmus xywiap
JneMCHMAp MwAGpunuNe  Binsunducy xamoa cucmema Oapua  HYKmManapuHunH2
Bowaanuy me3rurIapy Rosza menz Oyauut 3apyp éa smapiudip, TeHA

Y64, =XF 67, =0 (3.269)

Japypauezu nTaMOOOHI HYKTANAPOAH TAWKHI TONTaH MEXaHHX CHCTEMA
MyBo3aHaTaa 6¥ncHH. CdcTeMaHHHr Oy MYBOIAHAT XONaTHOAH Xap KaHAaHd MyMKHH
6¥nran xyunmuga 6apya aKkTHB Ky4Wnap 3N1eMCHTap HIINapHHWHI HHFHHOMCH HOMra
TeHr 6¥nmunHy HeboTnaiMHH3,

CucTeMaHHHr 6Hpop A, HyYKTacHHM onMb, yHra TakCHp 3TYBUYM aKTHB Ky4nap
Xama GOFNaHMII PEAKUMA KyWIAPHHMHT TeHr TakCHp ITyBuMnapunu Fj va Ny
Bunan Genranaiimnz. A, HykTara kyiwnran Gornmammmnap TancupH GoFaaHMID
peaxuus Kyun GMnaH anMaluTMpHNrannHrd Tydaitns 6y HyKTa JpkHH HyKTa aeb
Kapanann. Mexanuk crcTema MyBo3aHaTma OynraHM ydyH YHHHr Xap O6mp A,
HyKTACH Xam Myeo3anataa 6ynanu. Iy cababnn

Fk + Nx = 0, (k = 1,2, ey N) (3.270)

TeHrnaMmanap ypuwin Oynanm.
CHcTeMaHHHr Xap OHp A, HyKTacHra 6F, MyMkuH 6§nmran wjumm Gepmb,
(3.271) HuHr MKKANA TOMOHHHM 8T, ra ckanap KynafiTHpamH3;

Fo-6f +N,-87,=0,(k=12..,N) 3.270)
By TeHrnMknapHH KJHO KyiiHaaruHy onamia;
YF 6 +EN, 67, =0 (3.272)

Cuctema Hykranmapura xyiwirad Gofmanuvuuiap waean Gof/aHMIITApHaH
ubopat 6¥nraHy yuyH
E ﬁk - 677* =0.
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Iy cababms (3.272)aaH nc6ot KMIHHHIIH Tanab swnran (3.271) TeHIMHKHH
OJIAMH3.

/ {

“‘--_ ___/" "---.___._/
3.34-pacm. 3.35-pacm.

Emapanauaueau (3271) mapr Oaxapwica, cHCTeMa MyBOJaHATAA
GymMmunM ucGoTnaw y4yyH MynoXalaHM TeckapunaH Gomuraiimus. [lactnab
MyBO3aHaTaa OynraH cHCTeMa HyKranapHra F,, aKTHMR Kyunap TamcHp IJTHIN
Hatixkacuna (3.271) mapt GaxapwiHuMra Kapamail, cucTemawmur bwpop A
HyKTacH XapakaTtra kenane aeb xapaiinux, Bowmkawa alitraHna,  HyKTara TabCHp
srysun Fy, va N kyamapmmr Tenr Tancup 3TysuHcn R'y Homra Tewr Gynmacuw
(3.35-pacm). actna6 A, Hykra THHW xonataa 6¥ramn yuys R’y xyq Tascupnma A,
HyKTa Gy Ky4HMHr Tancup umau 6Viimua ifyHanran Gupop dfy Xakmiuil KyqHm
onanu. Cuctemara x¥fimnran GornaHumnap crarcHoHap O¥nraHu yuyH dry
XaK{KMi kyumm Gupop dfy, MyMKHH 6¥aran kiumm 6HaH ycTMa-ycT Tymanm sa 6y
KY4HUI yHyH

R~ 67 = (B + N )6R > 0 (3.273)

6ynanu. Cucremaunur Gapua HyKTanapy ydyH OyHnail TEHrCHIMHKIAPHH é3ub,
yNapHH KYILICaK,
TR 67k +I N 67 > 0 (3.274)
MyHocabaTHH oramMHa.
CucTema HykTamapura Kyiunrasn Gormauummnap waean GornaHuuuiapaas
nBopart 6¥nrann yuyH
TN, -6f =0 (3.279)

Iy cababmu Kyiuaarn Tenrcuanuk ypunmn 6ynanu: TN, - 67 > 0 . Jlexun Gy
HaTwxa Kabyn xwmeran (3.271) waptra aunnup. BumoGapuu, 6y wapt
faxkapwnranaa cHcTeMa MysosaHataa Gynmmmy kepak. [Mynpmait wwm6, (3.271)
WapT XAKMKATAH XAM MEXAHHK CHCTEMa MYBO3JaHaTHHWHT 3apyp Ba 3TapiH
WapTHHH HGoNAnalLHHH HCOOTHAaHK,

(3.271) TenrnaMa cmamuxanine yMymuti menznamacu nefinnany. By npHHUmMI
JTazpanxcnune Mysmykun 6ynean xyuuu npunyuiy neb xaMm 10pHTHIAOMN,
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MymknH G¥nrad xy9mn npHHUMOAHHHT dexapT xoopauuata yxnapuaarn

nomacH KyfiHaariya ésunanu:
X(X 8x; + Y, 8y, + Z,62,) =0. (3.276)

Arap MexaHHK CHCTEMa HyxTanapura cTtarcHoHap G¥nmaran Gormanuunap
Kyiinnran Oynca, y XOnma cHCTeMa HYKTAIApH XapakaThaHyBul  EKu
nedopMATCHANAHY BYM CHPF1ap YCTHAR KonHwH kepak. Mymxny 6¥naran kyumw aca
BaKTHHHFr xap 6up naiituoa cupt OFiinab x¥ummwmnan wnbGopar. Bunobapuw,
cTaTcHoHap 6¥nmarad Gornanumnap KyiHHNraH cHcTeMara MyMKHH 6¥araH ky4um
NPHHUHIMHY KyUIall HaTHKACHAA CHCTEMA HYKTANapHHHHT CHPT/Iap ycTHaary
HHcOHIT MyBO3aHATH aHHKNAHATH.

3.4.1. Mexannax cHCTEMAHNT YMYMIALNTAH KOOPAHHATANAPAATH MYBO3AHAT
WapTiIapH

T'onowom Oornanmunap xKyFwimran A Ta HyKTanad TALUKHN TONrad MexaHMK
CHCTEMaHHHI JPKHHJHK Hapakacl H AR TeHr O¥ncud. VYV  xosnna Oynpai
CHCTEMaHHHT XONaTHHM &), 02 ... , §n yMyMIaliraH KoopavHatanap OmnaH
AHHKJIAI MYMKHH,

(3.271) Ba (3.272) ra acocaH CHCTEMABHMHr MYBO3aHAT wapTH (3.271)Hm

Kyiinoardqa ézamns.
6g +Q8q2++ @nbg, =0 3.2

Byuna 6apua q;, ¢ ... , §, YMyMTAINTAH kOOPIHHATANAD IPKHH GYnranu yuayH
ynapuuar 8q(i = 1,2, .., n) oprrHpmanaps Xam 3pkuH 6¥ynanu, Iy ca6abnu
MYBO3aHAaT WAPT/IApHHH Ky HHaariya 83U MyMKHH:

0r=0, 0:=0, ..., 0.=0. (3.278)
Dywammaitouzan zononom sa udean Odozraminunap Kpliuazan, JpKUHANK
dapayecact n 2a mene 6yrzan xamoa wxmuépuii xoxanu Q), Oy, ... , O, yMyunanzan

KOOpOuHaMANap OuIaN GHUKIAHNAONZAH MEXAHIK CUCINEMA MY6O3IaHamoa GyTuuiu
YUYH MAKIAH2AR YMYMAAUIZAH KOOPOUHAMANAP2a MOC YMYMAQMIZAH KYYWAGp HORZA
menz Bymuan 3ap)p 8a smapaudup.

Kyuwnap noteHumanm 6¥nraH Xonna MyBO3aHaT AP TIaHagH.

N _ oM _go 20 _
20, ™ %oq, = %2, 70 G279

Kypunnmnga éspmm mymxuH, By Tenrsamanap yMymTamirad KOOpPAMHATANAD
OpKanH nipojanaHrad MOTEHCHAN SHEPrUAHHHC 3KCTpeMymra sra 6¥nummn yuyn

194



3apypuit waptan wdonanaiinn. yrnail kumib, 20r0H0M cUCMEMAHINZ MYEO3GHAM
XOTAMUOR NOMENULT IHEPZUR IKCIMPEMYM2A IPUUULUL MYMKUH.

3.4.2. Munamuxanuur ymymnaii renrnamaca (Janambep-Jlarpams npuannnn)

Teopema.dzap xapakamoazu sexawux cucmesta Hysmalapuza udean ea
Oyuwamaaiiduzan boznanuuunap Kpiiunean Gyaca, y 30000 cucmema HyKmaiapuza
MasvCup IMYEHN QRRINE KYYRAPHINSG Xav0a NHePCuA  KYWIAPUHNHE Xap Kanoad
MYMEUR Gynzan Kpuianoazu anemenmap HaapuHiuNe fiusuducu xap oxoa Hoaxa
menz Bynadu, Avnu

E(F + Dy )67 =0 (3.280)

Hcoom. Arap Fy axmus xyunap sa Ny mmean Gornammw peaxims kyunapwu
TALCHPHAA XapaKaT/AaHa€TraH MexXaHWK CHCTeMa HyKTanapra moc pauiuia O
HHEpPCHs Ky4/TapuHH Kyiicak, y xonna Hanambep npuHuMnHTa x¥pa Oy Ky'wapHHHT
reoMeTpHK HHFHHIOHCHTA XAP OHOA Honra TeHr 6¥nanu:

Fb+Ne+®,=0(k=1,2.,N) (3.281)

CucTema HyxTanapura WXTHEpHA MyMKHH O¥nran xyumu Gepamui Ba
TEHTNAMANAPHUHAT Xap OHPHHM MOC HYKTaHWHr MymkuH Gfyirax sjuummu 67, ra
CKaNnAp KynaHTHpamui, onuHradH hnjonanapuy xagna6 xymubd Kyfinnard
TEHIIAMAHH OJIaMH3;

T(Fe+ N+ @) 67 =0 (3.282)

Cuctemara Kyitnnran GornaHuwtap unean 6ynranu yayu Y N 87 =0 .
Iy cababnu HcHOT KITHHMILK 3apyp O¥NTaH TEHTNAMaHH X0CHIT KHNAMHE:

L(Fi +®,)drc =0 (3.283)

By Tenrnama ounavuxanumz ysysuii menzramacu neiinnany. Ymby TeHrnama
Hanambep npuHupny  Ounan  JlarpavxHuHr MymxkaH  Oyarad  Kydduw
APHHLUHIUIADHHHHT MAXMYyAacHAaH Hoopar.

IMyuuur yayn 6y npunyun Jarvdep-JTazpanxc npuniunu neimany,

HekapT koopIHHATA ¥KnapHIary NpoexuHsnapH opKkam HdonanaHanH.

Tl — my & )8xy + (Vi — My V) 62y + (T — M2, )62, | = 0 (3.284)

xocHn G¥nraH TewrnamagaH cdofnanaHnt MEXaHMKX CHCTEMAHHHI XAPAKATH
anddepeHUHAT TEHTIaMANADHHH YHKADHII MYMKHH.,
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3.4.3. Mymkun 6¥nran kfunnnap npuagHIHHE KYIUMA KOHCTPYKUHA TAAHY
PEAKITHATAPHHE AHAK/TAWra TAAGHK ITHINCA OHP MACATIANAP

l-macanma. Yura TtasHuga €maH AD t¥cun C Myxrana wmapemp Gmnan
GHPHKTHPIITAH HKKHTa KicmaaH wnbopar. Tycunnunr AC kuemura P, =8000 H,
P,=6000 H ra Tenr BepTHKan Kywiap kKyinuirad; CD kncMmura dca MOMeEHTH
M=4000 a H-v ra TeHr Ba cOaT MHIHHHHT aiiflaHMIIMra TecKapH fiyHanmuna sky T
kywnap xyiouran (3.3 7-pacm, a). Yauamnap waknna xypcanunran A, 8, D napnarn
TAAHY peaKkuHaAapH aHHKNAHCHH.

Eaum. AD T¥cuHHn MyBo3aHaToary AC sa CD tycHunapnan nbopar nkxura
KATTHK XHCMIaH TalIKHA TONTaH cHeTeMa ned KapafiMis.

By macanaHi cTaThka yCyanaa 3uMil yyyH TYCHHHHHI AC xucMuHH duxpan
awpamb onub, CD KMCMHHMHr yHra KypcatagHradH TabCHPHHHM Kyu Gitnan
anmamTHpnG, AC yuyH MyBO3aHAT TEHIJIAMAacHHW Ty3Mm kepak. XyoaH
myHHHrgex, TYCHHHHHT CD xucM yayH XaM MyBO3aHAT TeHrflaManapHHu Ty3u6,
ONIMHrAH TEHrfamanap cHCTeMacHHW OHpranukna »ym kepak. By ycyn axua
MallakKaTnH 6¥nnb, TasHu peakunanapn dakar Gapya MyBO3aHAaT TEHT1aMANapHHH
TY3raHOaH xeifMH Tomany.

MymruH 6¥nraH £¥yHil NPHHLHOMHH KJ/Ulall HaTHKacHOa Jca MOC paBHILTA
Ty3unraH OHTTA TeHrNamanay Kepakid TasdHY peakuHd KYYHHH BHMKAAI MYMKHH.
By ycyn MacanaH¥ eYHUIHH AHYa COANANANITHPAH.

MymknH 6¥nraH kyumm npuHuMnuHd KynaGd, B sa D TasHunappard
PEAKLMA Ky JAPHHH AHHKTAIMHI.

Tanwy peaxips kyuu R, Hu anvknam yays 4 Tasnann $uxpas onnb Tanunab,
YHUHT TELCHPHHM 1Y Kyd GMnaH anMamiTiHpamM i,

A HyKTara BepTHKan IOKOpHra ifjHanrad 8T MyMKHH 6¥aran yumm (3.37-
pacm, 6). Py va P, xywap K Ba 3 HyxTamapHMHMrT MyMkHH G¥araH KJUHMIIMHH
67 g va 67 g GrnaH Genru-naiMus; 6@ TYCHHHMHT Gypuax K uHim,



3.37-pacwm.
Yubypuaknapaunr $auawnnrunan  dofinanasmb, myMmkuH Gyaran  xyumminap
opacHiary MyHocabaTIapHH TomamH3:!
bry = 281y = 461 = 267; = 4adp (3.289)

MyMKHH O¥nraH xjumm nmpHHUMNMHH Kynnab Gepuiaran Kydnap Ba peaxums

KYYHHHHI MyMKHH O¥nrad xyudmigard HmNapHHAHT  AMFHHOMCHHE  HOTA
TeHrnaiMHa;

RASTA = P] ETK + leﬁrs + M6¢J=O (3;289‘)

(3.271)1mn opTHbBopra onm6, (3.272) parm § r, onaunars ko3¢ PHLUEHTHH HOMTA
TeHrnamTHpcak, KyHnugarn ndona xocun 6ynanu:
RB—%P1+§P2+4—L-M=D (3.290)
Bynnau P,=1300 H 6ynmunni aHuknafimus.

Ry Tannu peakums KyudHH @HHKNAW yuyH 5 TasHuHM ¢HKpaH ommd Tawnab,
YHHHI TabCHPHHK Wy Ky4 GunaH anMaTHpammus,

(' wapHuUpra BepTHKAN Tap34a OKOpHra HyHanran 87, MyMxuH 6¥ran kyumm
Gepamua.

P, P,,va Ry xyunap xyinuiran K, E Ba B HyKTANapHHHT MyMKHH Gynras
KyuHWKHKY 87 67 va 675 OGunan Genrmnalfimus; &, — CD Tycuuumur Gypuax
k¥unum. By MyMmknH 6¥arax cfuunap opacuaary MyHocabaTHH aHUKTaMHI:

b1, = 2675 = 261y = 361 = 2080 (3.291)

MymkHH 6Fras KU NPHHLMITHHA KyNaiMHI:

=P, 8ry + Rgbrg — Brfrg —M&p =10 (3.292)
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(3.278)marn Gapua opTTHpmanapus (3.277) nma dofinanannt &7 OpKaTH
ndonanafiMiz Ba YHHHI ongupary koedGHTCHEHTHH HOATA TEHTNIAIITHPAMHS!

1 z 5 M _
";'P‘l -I";RE _EPZ =T 0 (3.293)

Bynzian Pg=14500 H sxaHnvriHy aHnKTadiMH3,

Rp vn avuxnan yuyn Jf taswa TancHpHHM Wy Ky9 GHIaH anMaiuTHpaMms.

A HykTtara BepTHKan tapana IOKOpHra HyHanraH 6rp MyMKHH OVaran k¥uswm
Bepamnz. Y xonga CD TycHH coaT MHIHHHHI aAnasHHLINTa TECKapH AyHATMIUOA
d4 Gypuaxka Gyprnanu sa

sp =2 (3.294)

6¥nann. AC TYCHHHMHT X0naTH ¥arapmacnaH KonanH.
MyMKkHH 6¥nraH KyHHLD NPHHCHMHHK Ky/nab Ky AHQarH TeHr1aMaHH 0NlaMH3;

Rp'8rp+Mép =0, (3.295)

GynnaH Pp=-2000 H. Byuga mandwii mmopa Rp TasHu peakums Xy4HHHHF
BEPTHKAN Tap3Qa NacTra AYHANraHmHIHK HhonanainoH.

3.4.4. MycTaku eanu yayH Tanafanapra TascHR 3TILTAANCAH MACATAJIAD
Tomuupuk J-4, Mymxan 6¥aran xi4H npuiusnHEy Kymma
KOHCTPYKUHE TASHY PEAKUHANAPHHH AHHKAAIIHH TAAOHK 3THm

Homep Harpya Homep Harpyara
BAPHANTR HEHTA
Epﬂc. P, Py, L5 M “(‘;mc. Py Py, q. M,
176—178) xH cH zsH/m | sH-u 176-118) eH H xH/m | xH w
1 15 14 k) 10 16 3 10 2 10
2 13 12 2 & 17 } 8 1 8
3 1 10 1 5 18 3 [ 3 &
4 9 -] 3 14 19 5 4 2 7
5 7 6 2 12 20 7 2 1 5
6 3 5 ] 4 21 10 9 2 4
7 7 4 2 10 22 8 7 1 7
8 6 6 1 7 23 6 k] 2 g
9 5 3 3 3 24 4 k) 1 3
10 4 i0 2 6 25 2 1 2 2
11 12 §] i 12 26 7 1 2 7
12 10 6 2 10 27 6 2 1 5
13 9 5 ] 6 28 5 l 2 10
14 7 10 2 13 29 4 4 1 5
15 6 8 ] 5 30 3 5 2 10
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