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CyY3BOIIH

Ha3apnii MexaHHKa nejaroruika HHCTHTYTJIapHHHHT «DH3HKa»,
«Du3nka Ba acTpOHOMHUS», «MaTeMaTHKa Ba (H3HKa» HXTHUCOCJHK-
Japuja Hazapuii GU3HKAHHUHT GUPHHUM OYJIHMH cHbaTuia, «YMyM-
TEeXHHKa (Qannapu Ba (u3UKa» HXTHCOCAHIHAAa 3ca GHP TOMOHIAH,
Hasapu#l ¢u3UKAHHHT GHpDHUM OYAHMH cHdaTHAa, HKKHHYH TO-
MOH/JaH 3ca, YyMYMTeXHHKa (aHJapHHHr Hasapu#i acocu cHpaTtHaa
JKHTHUNAOH. «YMyMTeXHUKA ¢aHIapH Ba MeXHaT» HXTHCOCJHIHAA
Hasapuii MeXaHHKa YMyMTeXHHKa (aHJIApHHHMHI Ha3apuH acocH
cHparuia YVKUTHAHO, y TypJu XuJA TeXHHK MacaJjalapHd eyHIn
y4yH nofineBop GysiamH.

By uxtucocnvknapaa ykuétran CcTyAeHTJap YuyH y30ek THJIH-
1a Ha3pHii MeXaHWKaJaHW Aapc/auKaap EkH YKyB KyJanaHMacH HYK-
JUTHHY XaMm[a yHTra 6y/arau 3XTHEXKHH 3bTHGOPra oJH6, Myalancg-
Jap MasKyp KyJanaHMaHu Taiiépaanuaap. Y6y Kyananma neiaroru-
Ka MHCTUTYTJapH yYyyH MyJDKaaJaHTag nporpaMMa acocHua €3uJ-
rag 6yau6, yHIa Ha3apHii MeXaHUKAHUHI KHHEMAaTHKa Ba [HHa-
MHKa KHCMJIapH KeHTDOK, CTaTHKa KHCMH 3ca KHCKaua GaéH 3THJI-
IH.

Kynnauma, acocaH, negaroruka HHCTHTYTJIaPHHHHT HHIYCTPH-
aj-neparornka Ba (pH3MKa-MaTeMaTtHKa (akyabTeTJapy CTyAeHT-
Jlapura My/KadinaHradH. YHAaH oauft TeXHHKa JKYB IOPTJaDHHHHT,
UIYHHHT 4K, YHHBEDCHTeTJAPHHHI (PH3HKA, TeoJIOrHs HXTUCOCAMTH
6yivua TabAHM ONYBUH CTyIAeHTIapu XaM (oMaJaHHUIIADH MyM-
KHH,

Maskyp yKyB KyasaHMacHHM spaTHma GepraH kKypcaTMa Ba
Macnaxaraapu yuyH myananupaap YsCCP ®A xakuxuit ab3och,
npogeccop T. Pammuposra, y Tow1ly Hasapui /MexaHHKa./Ka(pen-
pacududr pouentu [1. lloxafinapoBara, KyaaaHuma KYy/Ja€3MacHHH
YKUO, yHHHT cPaTHHH OWIHPHIIra AOHp GepraH (UKpP Ba MyJioxa-
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3anapu yuyH npodeccopaap D. B. Abyraames sa I'. M. Bonaun-
ckufi, gouentnap, M. Hcmounnos, )K. Kamonos, 3. Tyxtacuuos
yproknapra, ¥30eKHCTOH nejarornika (annapud uAMHH TeKLUHPHII
HHCTHTYTHHHMHI KaTtra uamu# xoaumu X, A, Basauesra ramakkyp
U3XO0p 3TaluJap.

[Tenaroruka HMHCTHTYTJApW CTYAEHTJAapH yuyH Yy36ek TH/AHAA
€3usran 6y OMPHHUM YKYB Ky/JanaHMacy KaMUHJHKJI4pAaH XOJH
6yamacaury MyMKuH. Myaanudaap ykyBunsmaphas ywly KyJaaaH-
/MAHHHT 10TYK Ba KaMUMWJHKJIApH XaKWiarn yadapHHHHT  (GHUKP
~Ba MYJOXa3aJapHHU «YKUTYBYUH» HalIpHETHra 10GOPHILAPHHH CY-
paiauaap,
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HA3APUHW MEXAHWKA NPEOIMETH

Hazapufi mexaHMka MOAAHH KHUCMJIADHHHT MYBO3aHaTH Ba
MEXaHMK XapaKaTd KOHYHJApHHH ypranyBud (aHaup.

Bagr gruwu 6usan scucmaaprune ¢asoda bup-6upuea Hucba-
TAH YpUH QAMQUUTUPUWIL MEXAHUK xapaxaT Oeduisadu.

Haszapuit Mexanukajga xapakar nafiTHAa KHCMJapia COAHUD
Oy/HWKH MyMKHH OGyJiraH Waka Ba cudar yarapuuiapu xucobra
OJIHHMAHAU.

JKHCMHHHT xap KaHAa# xapakaTu kaeppajup, GHpoH-GHp ¢a-
3012 Ba KauyoHAMp, GHpOH-O6Mp BakTAa coaup Oynaan. Paso xam,
BAKT XxaM xapakarT OujaH OHpP KAaTopla >XHCMHHUHT {KEHI MambHO-
la MaTepuAHHHTr) O6OpaMK wWakAIapuanp. Hasapuii MexaHHkaja
$a3o 6up XKHHCaH Ba H30Tpom 1e6 KaGya KUAMHAII, S'TBHH Mexa-
HHK XOJIMCAHMHT YTHIUM (KeudinM) YHHHT Kaepuaa yTaéTraHJHTH-
ra xam, ¢asofaru gaficu iyHanumpga coaup GyJaérraHJHurura xam
OOFJIHK 3Mac.

Xucmuunr ¢asofia Golga KHCMra HucGaTad XapakaTHHH Yp-
TaHHIN YYyH WY HUKKMHYH XKHCM OUJIaH KOOpAHMHATaJjap CHCTEMacH
(caHog cucTemacn) GoOFJaHagH. ¥ XOJla XKUCMHUHC TeKLUIHPHJA-
€Tran xapakaTw XKHCM HYKTaJapUHHHT TaHJal OJHHTaH KOODHH-
HaTanap cHcremacumard ¢aso Hykraaapu OHJ1aH KeTMa-KeT yCT-
Ma-ycT TYWHIIM OpKanu Geslruianaid.

Bagr tymyHuacn XOAHCAJapHHHT HapGaTAaru KeTMa-KeTJiuru-
Hi, yiapHHHT KaHya JaBOM STHIUMHH aKc STTHPHO, y YTMHIILAH
KeJaxkakKka TOMOH 0opaju Ba Opkara KauTMmMacaHK Xoccacura ara.
Hazapnii Mexanukajna BaxT (asoOHHHT Xap KaHAall KHCMHAA XaM
6up mebépra yraau Ba y aso kKabu y3JaykcH3 xamua GHP KHHCIH
1e6 Kapagaad. Bakr abanufi Ba uekcusaup. LlyHHHT y4yH BakT-
HH YeKCH3 KyI sJjeMeHTAapAaH ubopar Tymnaam JAefHIl MYMKHH.
By TynnamMHuHr xap 6Hp 3JeMEHTHra BAKTHHHT MabjyM KHAMAaTH
MOC KeJlajH.

lynu anoxuida TabKHANAG JTHIN KepaKkH, (asoBuil yuauaw-
Jap YYyH OJIMHTH Y3yHJHK GHDJIHTH, BOKeaJapHHHT JTHLI kapaé-
HHHM Kafil KHJAYyBYH BaKT OHPJHTH, AeMaK, COATHHHT [OpHIUM (H-
3MK IIapOHTAAH TAallKapH, Y3JapHHHHT Goluka »HcmJjapra HHcOa-
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TaH xapakaTura Xam OOFIHKAHD, S'bHH YJap HHcGHI xapakrepra
sra. UyHoHuH, ha30 Ba BAKT MaTepHAHHHT GOpJHK IaKJJapH
IKaH, l1eMak, yJap xapakarjaru Mmarepudara Oornuk xonja ysra-
paau. By y3rapuuiiap €pyFIHK TEe3NHIrHra fIKUH Te3AHK/Aapla Xa-
pakaT KHJHMHTaHJaruHa cesnsaapan G6yaanu. Hazapui mexannkaja
yJaap 3bTHOOpPra oJIMHMamIH.

Mexanukany yprasuuga pean oO0BLEKTJApHUHr abcTpakt 00-
pasjapu Oyaran MOIAMH HYKTd4, aOCOJNIOT KaTTHK KHCM TYLIVH-
qyajapH, Ky4 TyUIyH4acu Ba 6GOLIKA KYNCHHA TYLIyHYaJap KHPHUTH-
aaau. Ulynappan 6ab3unapduu kypubd ukkamus. Konranaapu z€a
KYPCHHHT TErHIUJA KOHJIapHaa KeJaTHpHAadH.

Konkper kapanaérran macana yuyH yA4aMmAQpuUHUHE QXQ-
MUATU Ofamaean, maccacu Gup 2eOMeTpuKk HYyKTasa HOLAQUIZOH
de6 Tacassyp Kuiunaduean scucm mooouil HyxrTa de6 arasadu.

Xap 6up HyxTaCUHUHEZ 8Q3UATU 6Q XAPAKATU UKKUH4U OUp
HYKTACUHUKE BA3UATU ea xapaxaTuea Goraux  6Gyaean moodull
RHYKTAAQAD TYNAGMU MEXAHUK cucTema Oeduradu.

Hxruépuil uxkku Hyxracu opacudaeu macogpa fGaeapmaidduzan
MexaHuK cuctema abcoar0T KarTuk sucm Oeduradu. XucMmaapHy
abcostor KaTTHk Aeb xucobaaranaa, ynapia  Oyjafurad Lwakda
ysrapuwujgap Haszapra oJHHMaiaH. byapai abcTpaktaam  KHCM-
JIADHHHT MeXaHHMK XapakKaTHHH {prasvluuH 6UpMyHua eHrCHAJall-
THDaAH (KedATycHja XKHCM JeraHHMu3fa a0coMioT KaTTHK ZKHCM-
HH Hasapjia TyTaMH3).

Hasapuil MexHHKa WAapTAU paBHILAA KUHEMATUKA, CTATUKA 84
Junamuxa gucmaapra 6yaub ypranunaa,

Kunematukada sUCMAGPHUHZ MEXQHUK XAPAKATU YHu 8yxwydea
KeaTupysuu cababea O6oriamati, 2eoMeTpux HyxTaU HA3apdau
gpeanuradu.

Craruxa xucmuda, scucmed KyLuA2an Ky4aap CUCTEMACUHU
KJwuw, Kyd4aap CUCTEMACUHU YyHea 3KBUBAAEHT bfjaean cucrema
buran aamauTupu, KYy4aap CUCTeMACU TABCUpUOaau HCUCMHUAE
MYBO3AHAT WAPTAAPURU, HUCMHUHZ OFUPAUK MAPKA3UHU QHUKAQW
macararapu Kypuaiaou,

Hunamurada moOOull HYKTA, MEXAHUK CUCTEMA B84 KATTUK HCUCM-
HUHE MEXQHUK XOAPAKATU wy XapaxaTtHu 8ymydea  KeaTupyssuu
cababaapea 60rFaab fpearuradu.
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KUHEMATHKA
I 606, HYKTA KHHEMATHUKACH
1-§. HykTa xapakaTHHHHI OepHanIl yCyJaapH

BagTHuur uxtuépuil nafituaa HYKTAHUHT BAa3UATUHH GUpOp ca-
HOK cucTeMacura HUcOaTaH aWuKaaul yCyJau HYKMQ XApaKamiurune
bepusnw ycyAuru uponanaiinv. Bynaa canox cucremacu cudarvia
Jlexapr, UUAMHAPUK, chepuk Ba X. KOOpPAMHATANAD CUCTEMACHHHU
oauul MyMmkuH. Kynuntia, xapakar Tyrpu Oypuaxau dexapT ko-
OpANHarajapu cuCTeMacdra HucbaTaH TeKiuupuaad4. By cucrema
6upMy Hua KyJaall 6yaranaurd cadabau O6uM3 xaMm KeJarycuia acocas
wy cucreMaldd ¢oinananamus, Hykra xapakard acocan yd4 ycy.-
La: eexmop, Koopounamaaap, mabuull ycyada aunKIaHALU.

XapaxkaTHHHT BeXTOp ycyauaa OepHammi. MabaymMkd, HXTH-
épuit M Hyyra Ba3uaTUHY OGUPOP KOOpAMHATAaNap CH Temacura
nucdatan, yun ywby nyxkraga Oyaran, Gomd 3Ca KOOPAHNATANED

—

pownna 6yarad OUTTa r paauyc-sBekTop GWJaad OUp guiiMarau pa-
Bruwda anukaaw MyMmeus (1.1- pacm). Arap TeKIIUPHIAEITAH HYK-
Ta yapaxaraa 6¥.ca, BakT YTHiuy O64NaH YHUHT DPAAMYC-BEKTODH
XaM MOC paBHWIIAA Y3HHUHI Y3YHAHUTHHH Ba AYHAJAUIIHHH Yy3rap-
THpUO OGopaidn. [emaxk,

-

T=r) (1.1)

SOHYHHATHHUHI OEPHJHIIA BAKTHUHT UXTHEPUHA TNaAATHAA TeKIIW-
punaérran M HyKTa Ba3HUATHHM aHHKJAAUI HMKOHUATHHU Gepany,
AbHY HYKT4 XapakaTuuH auuxaaiau.- (1.1) tenrnama wyxma xa-
PAKQIMUHLHE 8eKMOp KJpURUULOQL KUHEMAMUK MEH2AAMACH
Aefingaanu,

—

Bagruuar ¢, £,, fs, ... KuiiMaTaapUAa r BEKTOD, MOC paBHLlI-

na, r,=r(t)), ro=r(t,), ry=r(t;), ... KarTanuxJaapra sra GyJ-
cui (1.2-pacm). By Bekrtopaap yu/JapMHUHF TEOMETDHK YpHU —
M MMM, wusug paduyc-sexmop 2000zpagn neinian.

Hyxma mpaexmopuscu 0e6, xapaxam gaxmuda yHuHz @a-

300a koadupean usuza afmusadu. Xapakarnaru M HyKTa Ba T
panuyc-gekTOp YYHAATH HYKTa YCTMA-YCT TYIUFaHH YYyH PagHyCe
BEKTOp romorpadu HyKra TPaeKTOPHACHHH H(OAANadIU.
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I.1- pacm. 1.2- pacm,

XapakaTHHHTr KOOpAHHATaxap ycyauaa OGepuammu. Hyxra-
HUHT OHPOp CaHOK cuCTemacura HucOaTaH Ba3WATHHHM iUy CHCTe-
Majard KOODIMHATaJapH OpKaJ/JM XaMm aHukjaam Mymxud. 1.1-pacm-
na M nyktauuur Oxyz JlexkapT KOOpAMHATaJapH CHCTEMACHAArH

Ba3nATH Kypcatuaran. Bynna £, j, & —wmoc pasumna Ox, Oy,
Oz koopauHaTa YKJapuHUHP GUPJAUK BEKTOpAapu. Arap HyKTa wy
TAHJAQHraH cHCTeMara HucOaraH Xapakar KuJca, YHUHT X, ¥y, 2
KOODAMHATaNapn BAKTHUHT Y3JAYKCH3 (yHKUMAAapH cudaTtuia ¥3-
rapu6 Gopaau:
x=ux(t), y=y(¢), z=2(). . (1.2)
Wyunnat xuau6, (1.2) xam (1.1) ra yxwaw HYKTa XapakaTuHu
anukaaian. (1.2) Tenrnamanap HyKma xapaxkamunuHnz kK0OpOuHa-
maAap KYPURLMNOAN KUHEMAMUK MEHZAAMAAQpL Jelnaain.
M HyKTaHWHr X, Y, 2 KOOPOMHATAJAPH LY HYKTa PalHyC-BeK-
TOPHUHUHF KOOPAHHATA YKJapHAArd Npoekuuaaapuinp, BuHobapus,

r=xi+tyl 2k (1.3)
MyHocabar Vpuuau 6yaanu. (1.3) ndosa HyKTa xapaxatu Gepu-
JHIIHHHHT KOOpJMHATaJap YCYJHAQH BEKTOp YyCyJHUra Ba BeKTOp
yCyJulaH KOOpAMHAranap ycyaura YyTuinHu Oearuaafau. (1.2)
TeHrJamanap ¥3 Ma3MyHH XKUXATUAAH Mpaexkmopusnurez ! mapa-

MeTpra HucbaTaH napamempur meHzaaxmasapudup, Y aapran na-
pameTrp ¢ HU HUYKOTHUO, TPAGKTOPUAHWHT

fl(xs y)=0v f2(zl y)=0 (14')
KYPUHUWIATH TeHCJaMadapuHY XOCH/ KUJIHII MYMKHH.

Hykra Tekucaukpa xapakat/iauca, YHUHT XapakaTtHHd xymo
KoopOuxnamaaapu cucmemacuod aHWKJaIl Kym XO0J1apha KyJai-
AUk tyFaupaau. 1.3-pacmna M HYKTAHMHT TEKHCAMKAArd Basus-
THHH aHUKJOBYM KYTO paauycd r sa KyT0 Oypuaru ¢ KypcaTus-
rai, 6yHaa ¢ OypuakHuHr Myc6aT Hynaaumu cudartuia coar
cTpeskacH WyHaauuura Teckapu 6yarad fiynaauiun KaGyJa KHJuHa-
ou, Xapakartiaru HyxTa yd9yH KyT6 paxuycu Ba KyT6 Oypuaru
BAKTHUHT OHPOD Y3AyKCH3 (DYHKIUANAPUAHD:

r=r(t),  e=s(t) (1.5)
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1.3- pacu. 1.4- pacu.

By Tenraamanap XaM HYKTa XapakaTHHHHT KOOpJAWHATanap KYypH-
HUWAArY TeHrJamanapuanp. (1.5) nan £ HM AYKOTHO, TPAEKTO-
PHAHUMHT KYTO KOOpPAMHATANapH CHCTEMACHAArH

r=r(e)

TEHIJIAMACHHH XOCHJ KWJHII MYMKUH.

XapakaTHuHr TaGuMil ycyana Gepuauiud. Bab3u nafiTrapaa
XapaKaTtd TexKUWMPUAAETTaH HYKTAHUHT TPAEKTOPUACH AaBBAJNAAH
MabayMm GYaud MyMKHH. M nygraauur Gepuaran M’M” tpaek -
Topuacuga 6upop O HYKTaHuW caxoy 6omu ned o0.u6, MycHaT Ba
Mauduii fiynaaun Tawaaiauk (1.4-pacm). Hygrawudr canox 6o-
wura gucbataH € KOOPAWHATACUHM S OPKAdH Gearuaaiauk.
X0/11a HYKTaHUHT TpaekTopusa Oyiaad &H KOODAMHATACHHHHT ¥3-
rapull KOHYHHU:

= s(¢) (1.6)

MabJyM Gy./ca, HYKTAHHHT Xap OHAArd XoJaTd TYy/aa aHuy Oy.aa-
aun. Wyunan gkuau6, arap: 1) HyKTa TPAeKTOPHUACH; 2) TPaeKTO-
puara caHok Gomu cudaTuna KabyJ Ku/JAMHCaH HyKTa; 3) Xapakart-
HUHT Myc6ar éxu MaH(HE HAyHanuwu; 4) HYKTAHWUHT TPAeKTOPHUSA
Oy#nab & KoopAMHATACHHMHT y3rapull KoHYHH, sibHM (1.6) udo-
na Cepuaca, xapaxkar TYJWK aHUKAaHAAW. XAapakaTHUHI HIyHAA#
AHUKJAHHLIY XApaKamHuune mabuull ycyada Oepurniwu ACANIANM
XapaxarT GepuJHILMHMHT KypuO YTHAraH Oup yCyJuAaH HKKHMH-

gy Oup ycyaura yrutu mymikun. Macanaw, xapaxar (1.2) tenraa-
MaJjap 6uaan Oepuarad 6yacud. Xapaxar Gepu/udiLIMHHHT TaGnUl
ycyaura ytaminy kypadauk. (1.2) Tenrnamanapnad f napaMerTpHH
AYKO110, TpPaeKTOpUAHU aHWKJAOBuM (1.4) TeHraamasap XOCHJ KH-
avHann. Tpaexropunga caHog Gowuny Gearuwaaut yuyHd (1.4) TeHr-
JamaJnapaad O6upop, macajnad, X y3rapyBaura x = x, Kuiimat Oe-
punanu. Koaraw ysrapysBUW/apHUHT KUAMATIAPH ¥, 2, 2Ca Mas-
Kyp TeHrsaMma/apiad TOMHIAAU. Xg, Yo, o KOOpAMHATANAD OuUNaAH
Gearuaanysun O HYKTa CaHoK 6oiud CH(paTHAd OJMHHUIIH MYMKHH,
O(xy, y., 2,) HYKTa X8pakaTAary HYKTaHUHT TPaeKTOPHSAA BAKT-
HUHT Gupop ¢=¢, MOMEHTUAA 3raajarad ypHura MOC KeJalH,
(YMyman, Tpaexktopusla CaHOK OOIWHM TaHAaw WXTHEPHEAAMD.
Ounataa, canok 6Gowwu cudartuia xapakaraarn HyKTaHuur £=0
BaKTAdry TpaeKkIOopHaAa €TyBum Xx0J4aTu oJauHasu. Byupalt HyxTa
8
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(1.2) Tenraamanapaa ¢t =0 ne6 onu6 TONMuAaiu. PaBILAHKH, CAHOK
Gowu cudatuaa onuHran 6y HykTa yuyH s=0 6yranu.

Hyxrauunr Tpaexiopuss 6yfna6 xapakar KOHyHHHH TOnanaHK.
(ds)? = (dx)? -+ (dy)® + (d2)? Oyarawuman ds=—V % | y* I 2°d¢.
t=0 na s=0 neb6 o.scak,

!
s={VE+3,+2a (1.7)
0
o dx . dy , dz
6 . = — = = —
yaanu. By epna x o Yy=— 2 ~

(1.7) muterpanuu xucobaad, HYKTaHUHT TPaeKTOpus Oyiaab xa-
paKaTMaHUIl KOHYHM TONHUAANH. XapakaTHuur jiynaaumu aca (1.7)
uponana uaAM3 oJaauAArd UIIOpa OUAaH Gearnaadaid.

1-macana. M nyxra xapakatu r = (2f -+ 1)i - (2 — 3£)/ Tenr-
Jama Ouaan ndonananamd (r—wmerpna, £ —cexkyuana yaiuananu). M
HYKTA TPAeKTODHACH AHHKJAAHCHH XamJa Xxapakar GOIMaHraniaH
CYyHI' KaHYa BaKT yTrad, y adcuucca YKuaa OYJMIIM TONWJCHH.

Eunmt  (1.3) myHoca6aTra Kypa, Macasa ILIapTHAAH HYKTa Xd-
PAKATUHUHT KOODAMHATA YCYJ/AHAA

x=2+1, y=2—-3¢, 2=0 (1)
TeHrjaMmasnap OuaaH Gepuauiun keanb6 uuganw, Hykra Tpaexto-

puacunu Tomuiu yuyd (1) cucremanan BakT ¢ Hu AYKOTHIJ Kepak.
Bynuur yuyw (1) HUHD OMPMHUKHCHHH £ ra HWCOATaH evyaMus:

_ox—1
t= 7 (2)

(2) udonanu (1) HHUHT MKKUHYH TEHrJaMacura Kyicak,
2y +3x=7 (3)

TYFPU UM3UK TEHrJ1aMacH xocua 6yaaau. £> 0 6yAMIIM 1LAPTUAAH
(2) nan x> 1 keanb uuxaiu.

Hlysnait kuan6, M nykra tpaektopuscu 2y +3x=7, x> 1
TeHraamanap Gunan udonananysuu MN Hypaan ubopar (1.5-
pacm). Hygra /=0 pakTna koopausatanapu x=1, y==2 naH u6o-
pat M, xosatma OyJanwm.

Hykra abcumcca yxuaa 6yaranuna: y=0. bunobapuu, 2—3¢=0

TeHTAUKAH t=—3—c BaKTAa HyKTa abcuucca YxuAa OYARIIKMHK

|
Ba x=2§M 9KAHJAUIUHU TOMaMHu3.

2-macaaa. Hykra paauycu r Oyaran aiaana O6yiaaG coar
CTPe/IKACH HYHAJHIIUTa TecKapu HyHanauimijaa s= kf KOHYHra kypa
xapakartnananu (&= const). Ox ropusoHTtaq yK HYKTanuur Gouw-
JdanFuy xoJathaad ytaau ae6 Kapab, woopauHara 6Goiud akaaxa
MapKasuaaH yTyBum xOy cucTeMara Huc6aTaH HYKTAaHHHr Xapa-
KaT KOHYHH TOIHU/CHH,

Eunmt. Koopauuara GOWMHM r pajuycau afijana Mapkasuaa

10
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1.5-pacm. 1.6- pacu.

on6, xOy xoopannarta cuctemacuuu ytkasamus (1 6- pacm). Ma-
caJa IIapTUra Kypa HyKTa 1paexTopuacuia canox Coiwu yuyn O,
HYKTa Moc keaaud. O, canox GolxpaH TpaexkTopua O6yiaab coar
CTpeaKacu xapakaTtura TecKapu HyHaJuwHW MycOaT fAynaauw
Ae6 oJaMHu3.

O.M = s =kt gouyu Gyiinua xapakarianyBud M mnyxTa Koop-
IMHaTanapuHd x, y Ougan Oearwaaimus: x = OL, yj\LM. M

HYKTa XapakaT/JaHraHaa yHUHT KOoOpAuHaTanapu ¢ = O,0M 6yp-
uak GyHKUUACH cupatuna yarapanu. Tyrpu Oypuakaun OLM yu-
Oypuakaan:

OL = OMcosy, LM =0Msinp ku X =rcos ¢, y=rsine.

Efl yaynaurunu xuco6aaw gpopMmyaacura Kypa OTM = ro; 6yHaaH

om kt
? = == —
r r

Iyusnait kuau6, M HyxTanudr xOy KOOPAHHATA CHCTEMACHTA
~ &t .kt
HucOaTad Xapakar KOHYHH X =7 CcOs—, ¥ =TI Sin — Teuraamajap
r r

6uiad aHuKJAaHaIH.

2-§. HyKTanuHr Te3 UK BEKTOpH

Hykta xapakatunu XapakTep/oBYM MYXHM KaTTaiuKJAapAdH
Oupn YHHHT Te3AUTHIUp. Xapakar BEKTOP, KOOpAWHATA Ba TabuHi
ycyannapaa GepuaTaHnd Te3:1UK KaHO8# aHUKJAHHLWIHWHA KypanaukK.

Hykra xapakatu (1.1) BexTop Tenraama:

-

r=rt)
G6unan Oepuarau O6¥acun. Papas unafauk, Xapakataargy HyKra
BagTHUHI -OupOp £ nafituaa 7 panuyC-BEKTOP OuAau aHHKJIAHYBYH

11
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M BasusTaa 6§acun (1.7-pacm). &y ="{ 1

+ Af BaKTaa aca my uykTa r, = r(t - Af)
panuyc-BekTop OMsaH anugJaanyeun M,
Ba3UATHH OJCHH. ¥ X0J/i1a HYKTa pamuyc-
BEKTOPHHHHT At BAaKT OpaJuFuna yarapu-

wu Ar-—r —r BeKTOp OuJau Gearusnana-

nu. Ar BEKTOPHUHT Af Bakrtra HucbaTw
HYKTaHMHT 1Yy BaKT OpajiuFuiaru ypma-

L7- pacu. 4Q Me3AUK 6eKMOpU Uy, NelnaanH, sibHUA
- A
Yyp —— 1.8
P T (1.8)

(1.8) nau kypamusku, Af cxajasap udona Gyjradu yuyH U,

BEKTODH \r 6yénab iynananu.
Ypmata mesaux sexmopununz At nosea unmuszandazu au-
MUMU HYKMaHuK2 me3aurx sexmopu Odeiuaadu. Te3nnuk BEKTOPH-

HH U Ounan GeJsrusaacax, Tawpudra kypa:

> oA _dr - dr >
UV =1lim — = — @Ku v=

At-0 At

l\

(1.9)

-

At-+0 na M, nykta M ra unTHANG, Vg, BEKTOPH XapaKaT Tpaex-

Topuscura M HykTajza YyTkasuaras ypuaMma Oyiivya fiyHaauwra
-

HHTHAAAU, GUHOOAPHH, U Me3AUK 8exmopu XaMm xapaxam mpa-
exmopusicuea M nyxmada ymrasuszan Ypuwma Oyiuda iyra-
aaou.
(1.9) nan TessuK YJAuaMHMHHM XOCHJ KUJIAMMH3:
IT-’I Y3YHAHK M
BaKT [

Hykta xapakatu xoopaunatanap ycyauna (1.2} Tenrsaamanap:
=x(8), y=y(@#), z=2(¢)
Ounan Gepuaran 6y.acud. (1.3) ra acocas

= x(£)-i + yit) -/ + =(f) -k
6ysiu6, (1.9) uu spTH6GOPra oJacak,
=07 Ay, Ay 1.10
v dtl+dt/+atk (1.10)
Keaub YHKaAM., U BEKTOPDHHHC KOOPLMHATA YKAADUIATH NPOEKUHA-
JapHHW U,, U, U, opKaau Oearunacak, (1.10) ugonanu Koopau-
HaTa yf{napura npoeKLmﬂna6
V.= X, Vy=-—t=y, Vy=—=2 (L1

12
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N

ir,4,2)

7,
'fmhgq'
' 20p.7

a) -
S/ g
- ;

1.8-pacwm,

HU XocHa Kuaamus. JleMak, Hyxgma mesauzurunz 6upop yxdazu
NPOEKYUACH HYKMAHUKE WY JKKQ MOC KeAYsLl KOOPOUHAMACUHUNE
y3zapuuy KOHYHUOQH 8akm Oyiuia OAuHaH OupuUH4U XOCcurQ-
2a mene. Y X04M2 TE3JUK BEKTOPHHUHT MOALYJH BH HYynaauuiu
Kyﬁmaam TeHF./]HKJlapILaH TOonUuJaau:

vV Ot =y T, (1.12)
AN~ “Aa ~A -
cos\wo, ='Q, cos(v, /')=t2, cos (fu,k)=%’. (1.13)
v v

HykrtanuHr Typ/an nmafiTaard Te3auk BeKTOPJAApUHMHT GOWIANADH
6Hp HyKTara KeJTHpuJ/ranna, my BEKTOPJAap YUJaPWHHUHT reomMer-
PHK VDHWHW TYTAWTUPYBYH 3IPU UYHUBHK ME3AUK BEKMOpL 2000-
epaghi neivaanu.

M uykra Oxyz KoopauHatanap cuCTemacura Hu(6aTan xapa-

- - -
Karaauub, ¢, £, t, naiTaapaa Mmoc papulnia v, Uy, U, TE3AHK-
Japra sra Oyacun (1.8- pacm, a) O,x,y,2, KOOpAHHAraaap CucTe-
Mach oaub, 6y TeaanK BeKTOpJaapu OGowaapuuu O; HyKTara ky-
yupcax (1.8-pacm, 6), yaapuuur yunapu L, L,, L, HuHT reomer-
PHK ypPHH Te3AuK BeKTOpH ronorpadunu uonanaiaun. Tabpudra
Kypa, L HYKTa KOOPAMHATANAPH (X, ¥,, 2,) TE3JHUK BEKTOPHHHHT
1 X112, KOoopAWnaTtanap CHCTeMacH YKAapUAArn NpoeKUHANAPUHH
upoaanaiiau:

Xy =T, ylz'vyl' 2, =17,.

t &

Arap Oxyz Ba O,x,y,2, KOODAMHATA CHCTEMANapH YKIBPHHH MOC
pasiilja napasnnen Kuaub oJcCak,

Uy, =V, =X, foyl-—-vy=y, UV, ==V, =2

Oyanb, Te3nMK BEKTOPM TOAOrpadMHHHI NaPaMETPUK TEHTAdMas

Aapunu . ~
Xp=X, Y=y, 2z = ) '7
Y/ .

Kypuuumiaa vpodanall MyMKHH.

13
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Hygma  mesaucunn  Kymo
Koopduramanrapu cucmema¢uoa
aruxrauuy  xypaitaux. Hyxra-
HUHT Xapakatu (1.5) TenrJaamanap:

r=r(t), e=o(f) !
6usian Gepuarat 6yacus. ?: r. ;:
BEKTOpHU Kuputamus (1.9-pacm)
->

By epaa r,0unan r KyT6 paiuy-
cH HyHAJIMIIKHK OearujoByu Oup-
JUK BeKTOp fearnnanrad, ¥ xoJana

> dr d
v=—=—(r-r) =
dt  dt
dr dr:,
= —r,+r-—, 1.14
1.9- pacw. dt ot dt (1.14)

g

dry ,. g
(1.14) Tenrnamanaru ~; BEKTODRU aHUKAfMUS. ro— GUPAWK BEK-

- -
TOp OFJATraHH YUYH ry - ro=1, Oxupru udonanu nnddepenuunan-

dry 2 dry —-
Jacak, 2 — 7o = (. BunobapuH, ~5; BEKTOPH o BEKTOpHra mep-

—

MEeHANKYJAp 5KaH. ¥ Xo0al4a ¢ Oypuak yCHIIMTAa MOC KeayBUM, F
-
ra nepneHjukyJadap 6yaraH p, GMPJUK BEKTOD KUpUTCAK,

d;o__ d;o -
at |zl P
ndona ypunau 6¥aanu. Lynunraek,
aro| _ de
dt dt’
Xaxukaran, ELO tedr énau yubypuyak GyJranupau
A;
A_’ 0 - A'{) sin 5 A
rol=2|rg} sln == gALS
|Arg| [7ol 9 a9l ?
Y xoaza
8o
sin ——
dro = lim |— = i 2 . A_Q_—_ﬂ
dt| at-o] Af a9-C Bp/2  At-gdl  df
Jewmaxk,
o __dep. (1.15)
dt  dt’ '
(1.15) ra x¥pa (1.14) x(yﬁuaarma espmaan:
V= o+r Po- (1.16)
14
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\ —
(1.16) nan KypuHHAIMKW, U TE3JHK BEKTOPH MKKHTA TE3JHKHHHL
reoMeTpHK HUFMHAUCHAAH HOOPAT aKaH. ¥YJaappaH Gupu
> dr >
Vp= =T,
r dt ]
69116\ paduasr me3iux neAunanu Ba y Kym6 paduycurunz

saxmea HucOamarn Y3zapuur mesAuuHu xapaxmepaaiou. Hx-
KUHYUCH
- d?_’

v, =r—
P dtpo

67nuG, xijndaaane (mpancsepcanr) medsux pefiwnanu. Panuan sa
KYHAa/MaHT Te3auk/Jap 6up-6upura nepneHaukyasap 6yJAraud yuyH
T¥/1a Te3/HKHHHI KaTTaJuTH KyHuAarvda aHuK/aaHagu:

0= l/(%)’+(r. ‘%)’ (1.17)

Mexanukanunr mMaxcyc G6yauMJaapuaa, allHUKCAa aCTPOHOMHAAA
MYXHM axamusTra ara OY/araH cexmopuar me3Aux TYUyHUACHHH
kuputamus, Hyxranudr Af sagkr opaauruna yusran OMM, cexto-
pH 103acuuy As opgaid Gearusaiimus. Tagpubau 6y wo3a OMM,
yuOypUaKHUHT 03aCHra TEHT, SBHU

Ao= | Aol L7 X AF]
2

— -—

Ao BeKTOp r Ba A;)BEKTOleap KYna#TMaCHHHHT sIpMHra TeHr OY-
aub, y sexmop t03a 1e6 wpUTHAALH. ¥ HUHT BYHANHIIY BEKTOP KY-
naiitma gompacu OujaH Gesarusanaau. Bextop 1o3anuur Af Baxtra
HHUCOATHHU Ty3u6, 6y HucOatTaaH Af HH HOTAZ HHTHATHPHO JMUMHT
XHCOOMaNMH3:

As de _.,
By tenraukja lim — = — OyJAraHd yuyH, yHAaH
At—Q Al dt

2 B e
_——= — v
2= 2rxY)

d
Keaub 4HKaiy. d—at KaTTaJHKKa CEKTOpHaa Te3JuK AeRAHRA3LH. YHu

-

U, OpxaaH Gearusiafimu3. Llynnait xuaub

=~ ds_ 1/
V= o =5 X \1.18)

3
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CeKkTop#Ha/ TE3NUKHUHT MOAYAM KyfiMaaruda 6yaanu:

1 . A ) 1 . dy 1
v =—ruvsin(r, v)=—rv,= —r*=x — —r2. 1.19
°2()2”2m2m’.¢)
de
a 0= —,
6y epaa o i !

Xapakamu mabuuli ycyada Gepuszan HYKMAHUHZ niesﬂurc
6EKMOPUHIL QHUKAQUWHKIL KYPUD YUKaAMU3:

Fix, y, 2)=0, Fo(x, v, 2)=0 (1.20)

TeHrjamaznap Jlekapt koOpAWHATANAPH CHCTEMacHia HYKTa Tpaek-
TOPUACHHH, $=§(f) 3Ca HYKTAHUHI TpaeKTOpusi OYinab xapakar

-
KOHYHHMHH udoaaracun. HyKTaHuur r pannyc-BeKTOPUHH S HUHT

GyHKUMACH AeHHll MYMKHH. Y X04Aa r BEeKTODHM f BAKTHHHT
Mypaxkka6 ¢QynxuMscu ae6 xapacak,

g dr _ dr  ds

ST Ew ()
6ynanu. Bynaa

dar Ar

ds  as,o0ds (©)

—_—

Jlexun As éiBn TyTawTHpyB4YH Ar BeKTOPHHMHr U1y é#ra Huc6aTH-
nan As EdHH HOJATA HHTHATHPUO ONKWHIAH JUMHT TPAaeKTOPUAra yT-
Ka3uAraH yPHHMaHHHT OHDAMK BeKTOPHUHH Gepann. By BextopHu

;.opKaJm 6earuaaiimus (1.10- pacm):
lim & =< (1.21)

(6: Ba (1.21) myHocabartiapHu sbTHGOpra oaub, (a) mi Kyfuia-

THua é3amus:
- ds * « =
U= — .1=35§r, (*.22)
at

-

BupJKK BEKTOp tT [AOMMO, Xapakat HyHaJAHIIMIAH KaTbW Ha-
3ap, HYKTa TPaeK1ODUACHra YTKAa3WJiran ypuHma Oyiinua caHOK
6omyAan HyKTaraua 6y araH Mecoganuur YCHIUNW TOMOH HyHaJaju.

Xakukatan ds> 0 na T Ba dr BexTOpaap Oup XxuaA HAynaaran Gy-

-
aub, dr macoaHuHr YCUILM TOMOH #yHajgaau. Arap HyKTa Tpa-
emopuﬂ 6y14.naG caHoK OOILM TOMOH XapakatrjaHca ds< U; myHuHr

y4yH T Ba dr 6up- 6npura Kapama-kapiun HynHaJauo, dr — Maco-

(daHMHr KaMaiullH TOMOH, T sca M&COQaHUHT yCHUWH TOMOH #y-
HaJjAajan.

16
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\Ulyuzlaﬁ Kuauo, s>0 1a v BEKTOPH
© Oy#uua, § <0 na sca T BekTOpHIra TEC-
Kapl% fiynanap axau. 1,10- pacmpa s >0

X0J YUyH O BeKTOPHHMHI HyHAIHWH KY¥P-
CaTUAT aH.

U= 8§ HYKMQ me3rUuurUH2 aizebpanr
Kubdmamy geiuan0, Te3JHKHUHT Xapakar
TPAaeKTOPUsCHIra yjpvdMa xO0/44a YTKa3UJI-

raH t BEKTOD HUYHAJIMINMAATH TIPOEKILUACH
ne6 kapaauuu MymkuH. JIlemaxk, myxma
me3auunune arzebpauk xuimamuy mpa-
exmopus 6yiaab €l KOOPOUHAMACUHUNZ 1.10- pacwm.
y3zapuu KOHYHuUOaR sakm 6yduda OAUH-
201 Oupun4in xocuraza mewe.

3- macana. Hykranuur xapakartu

x =1g¢, y=cos®t, 0<l<% (1)

Teuraamaaap Gusnan udoaananaiu (x, y — MeTpaa, f - CeKyHala
® .
yauanaau). Hykra tpaexropuscu, ¢ = —4—0 NnayTAaTH Te3JUTH Ba

Te3/UK TOAOTPAQUHHUEI TEHT/1aMacH TONH/CHH.
Euum. Hyxra tpaexrtopuscudn tonur yuyd (1) Tenwrsaamanap
CUCTEMACHAA BAKT ¢ HM AyKOTUI kepak. Mabaywmku, 1 4-tg?a =
=secla= L éku costa = ;. Iyduur yuys (1) nau y=
cos?a 1+ tg?a -

=Cos?f= —"—, &Kku y = _ TPAeKTOpHUsi TeHrnamacH Keaud
1+ tg2 14-x*

unkanu (1.11- pacm).

Hykra tesaurunn (1.11) — (1.13) dopmyananapaan doiinasanué
aHUKNAAMU3:

V,=X= ! , vy='v=—2$int.cost=-—sith. 3)
cos?t i
5 7 (T3 sin® 97 cosi?
2 a 1 - v 1+ sin®2f cost ¢
v= /'v‘ vy = +s8in?2f = .
V ity Vcos*r ' cos?t
™ .
t= 7 v, =2 M/c,
vy=—1Mc, v=)5=224 M/ci

—

cos(v, x]= "* =0,8928,

Cos(, ) = <F = —0 4464,

v
By Bakrna HyKTa pacmaa Kyp-
catuaran M xonatda Oy./anu.

2—-5055 Y7
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Tesanuk roporpadu Tenrnamacuuu Tonum yuyn (2) HH

- /
X, =7, = , Y1=0v,=—2sintcost (3
! * cos?t N ‘ '( )
kypuunna é3ub, yaapaaH BaxT { HU fiyKOTaMus,
(3) HUHT GHDHHYM TEHTJIAMACHUILAH: (

|
cos?t= L, ()
X

O<t< % aa sin¢ > 0 6yaranu yuyn sinf =) 1—cos’. Haru-

xana (4) uu awTHGOpra 0aud, (3) HUHT MKKHHYHCHAAH

Yi=—2 I_L.é-ékn y1=—£|/x,—1
Y VX X
Te3NUK BEKTOPH roaorpadyu TEHTNAMaCHHH XOCHJA KUJIAMU3.
4-macana. Hygra wynna#i xapaxkaTJaHaAHKH, YHHHT pajguyc-
BekTOpU Oyfinga CUJKMII TE3JUI'H y3rapmac o, ra TEHI, pPaguyc-
BekTop aca O xyT6 atpoduna w, yarapmac 6ypuaxk Te3nuk Oujian
afiiananu: £=0 na r=0, ¢=0

HyxTa Tpaexkropudcn tesrsiamacd Ba Te3AUTHHMHT y3rapuil Ko-
HYHH TOIWJICHH.

EuMin. Macanauu KyT6 KOOpPAMHATANap CHCTEMACHAd €49aMH3.
Macana waprura kypa, HyKTa paauyC-BEKTOPH MHUKIAOPH I = Ta-!
TeHrJaMara MyBOJHK, HYHaMHILH 3Ca 9 = w,f KOHYHTa Kypa ¥s-
rapaad.

By uxku udopmanan ¢ uu #yKoTud, HYKTa TPAEKTOPUACHHU XO-
CHJ KHJIAMHK3:

r=&’cp. (1)

(1) Tenrnama Apxumesn conpanu Re6 aTajayByu 4u3uKHK ndonanaiiy.
Hyxra tesnurunn (1.17) dopmynanan ¢doinasanud aHuxaaiimus:

o A - e

IHyuna xuin6, Kypuaa€Tran Macanajza HYKTa Te3JHTHHWHT
BaKT Oy#nua ysrapum KoHyHu (2) ¢opMmyaa O6uaH aHWUKIAHALM.

3-§. MudpepeHunan reomerpusinan 6ab3u TymlyHYanap

HyKTauuHT Te3nadMIIMHW aHUKJaWra YTHWAAH aBBad OyHna
Kyananunaguran auddepenunas reoOMeTPHAHUHT afipuM TyulyHYa-
JIaDUHU KYPHO YuKaMmus.

LN ¢asosuii arpu ausugia 6up-Gupura kyweu M Ba M, nyk-
Tanap o1u6, M Hygtaga Gepusran gusukka ME ypuHma yrxasau-

auk (1.12-pacm). ME ypunMaaa oauHran OHUPAHK BEKTOPHH T
Ounan Gearunaimud. M, HyKTa Ba © OpKaiu YTKA3W/ITaH TEKHC-
18
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T younvbeu
menuLaux

1.12- pacwm. 1.13- pacm.

JMKHUHT M, uygta M ra uHTWIranjary BasuATH éRuuMa MeEKUC-
AuK KW epUAUK MeKucAuzl Aeiniaiu.

-

M HyktajaH YTYBYM BAa T ypUHMAra neprneHiuKyJsp TYFpPH 4u-
3UKJ1Ap STPH YH3WKHUHT M HyKTachaars HopMmaanaap Aeiunaanu; Oy
HOpMaJj1ap ETYBUYM TEKUCJUK HOPMAA MeKtcAuk neiinaany. Ennu-
Ma TeKucauruaa éryBYyM HOpManb 00w HOPpMAaAb nehnaaiu, 6o

HOpMa/iHUHP GUDJAHK BEKTOPWUHM # Ounad OGearugaatimus. Bouw Hop-
MaJra nepnedauKysaap 6yarad H()p\/laJ]b OuHopmans neinaau,

-

OMHODMAAb OUDPJAMK BEKTODH, oaataa, b 6HJIEIH 6esarusananu. b
BEKTOD WIYHAAH AYHAATHPUAALUKY, 't, n Ba IJ opkann yTKa3NI-

raH CucTeMa YHr CUCTEMAHH TAWKHJ 3TCHUH; r, n, v opkaau yT-
Ka3u/araH KOOPAMHATA CUCTeMacH mabuuil KOOPOUHIMA (ucmema-
cu aefunagu. Orpu UUSHKHUHT OUp HYKTACHJaH MKKHHYH HYKTa-
cura yTuAranna Ttabuuit KOODAMHATA CHCTEMAaCH y3 HYunasuuwuuy
y3raprupanu.
Hopmas Ba €numuMa TEKUCAWKJAADHUHT Xap Kalicucura nepnel-
Ed -

AMKYJasap OYyJran TEKHCAUK, ABbHH © Ba & OPKaJu YTKA3W/Iras re-

KUCIHK MYFPUNOBHL MEKUCAUK NeHu/anu.
LN 3rpy un3aukHuHr ysapo gyuwHu 6yaran M Ba M, HyKTana-

puia Wy 4H3HKKA yTKaswnraH ypuHManap OUPJIHK BEKTOpPAApH T

Ba =, OYacuu (1.13- pacm). = Ba <, BekTOopaap opacusaru Gyp-
yakuy A0 6uaan Gearunaiimu3. Ab Gypuak 3rpH YH3UKHUHE AS =
= MM, opanurujga BekTop HYyHaAMUIHHUKT Y3rapuimuud ndona-

. ) Af .
Aaiau Ba opasur Oypiazi nehunalu. ky,= —, sca MM, éhunnr
S
ypmaua Jzpusuen AeHMJIALM. ¥YpTaua arpuaukHuEr M, nyxra M

ra untuaradgars (As—0 naru) JUMUTH 82pu 4u3urHune M Hyx-
madazu 9:pusuzny AeHnAanu Ba £ 6usan 6earuaaHaiu:

k =iim =, (1.23)

as-0 As

19
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OrpH UM3MKHUHT GUPOP HYKTAaCHAark STPUAMTUHHHT TECKapu MHK-
LODH J2pu 4u3UKHUKZ Wy HYKTacwjiard dzpuaux paduycu nehu-
Jajn. IrpuauK panuycuHu p Gusan Gearunacak, tabpudra Ou-
HOaH
oo L
re
Y xonma (1.23) uu gyiugaraua E3uil MYMKHH:

im 2 = 1, (1.24)

AspAs p
(1.24) dopvynanan dotinananub, afinaHa 3rpuMK pasuycH
ajiJlaHa panMyCUra TeHIJWTHHH, TYFPH UU3HK YUyH p = oo OyJu-
WHHA TOMUII MYMKHH.

4- §. HyKTaHuUHT Te3naHMIU BEKTOpPH

Xapakatnarun HyKmauuHz Mme3Aanuuilt BEeKTOp KaTTaauk 6y-
aub, v me3nuK sexmopuUruHz saxmea wucéamawn Y3zapuus mes-
Aauzury ugodasalidn. XapakaTh BeKTOP, KOOpAMHATA Ba TaOGUMl
ycyanapaa GepuiaraH HYKTAHMHC Te3JaHWII BEKTODHHH aHMKJAUI-
HU KYPanJuk.

Hyxmanune xapaxamu 7=7(t) TeHrJama OHJaH eKmop yeya-
oa Gepunrzar 6yAcuH. BakTHUHT Gupop £ maiiTuaa XapakaTtiaru HyK-

1a M Basuarna 6yaul, Tezauru v OYJACMH. Af BakKT yTrauaad
¢yHr, y Tpaektopusga M, BasusaTra ytub, Tesauru v 6yaCHH.

Teanuxnuur Af BaKT opaiuFuia Y3rapuilHHKH HPOAASOBUM Av =

e — —

=9, —v BeKkTOpHU Ty3amus (1.14- pacm). Bynuur yuyu v,, Bek-
TOpHHU y3 y3ura napaJmeJl pasumaa M Wykgrara kyuupud, 6up To-

MOHH zz LUaroHaau 3ca vl 6yaras napaJ/ienorpamm acaiimus. Uy
Av
napaJ/ieJOrpAMMHUAT UKKUHYM TOMOHH Av Oynanu. o Hucbar

XapakaTaaru HyKTaunuur A¢
BAKT oOpaJurujparu jypma-
4a mesAaHuuL gexmopu

-
Aeinaanm, yau wy, 6uaaH
GesrunafiMus:

g Ae
w= A

Papwanxu, ypraua tesna-

HUII BEKTOPH AT  BEKTOp
6yina6 fiynananu. ¥Ypraya
Te3JJaHUIIl BEKTOPHHUHI \¢
1.14 pacu. HOJITA HHTW/ATAHAAIH  JAU-
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MUTH HYKMAHUHZ me3aanuu, 6exkmopu jefunaid; YHu @ OuJan
GearHJaalanK:

At 0 Af dat

(1.9) uu 3vTHGOpra oscax, xyHuaaru keaumb 4uKaru:

- gu ar

— —
v Ba \© BEKTOPJAPH OPKA/AW YTKA3MAraH napainesorpaMm TeKuc-
JAUruBuHr Af - O paru Basuatu M HyKTazLa YTKa3u/Aran énuuma

TEKKCJAUK Ouaan yCTMa-ycT Tywanu. wyp BEKTOp Wy mapaaieno-

rpammaa €Tranu, @ sca w,,, HUHT Af —» 0 nary auMuTH OyJaraunu
YUYH TEe3/JaHHII BEKTOPH €mulima TeKuCaukiAa éTany Ba TPAGKTO-
PHAHUHT OOTHK TOMOHHMra Hysaaanu.

Hyxma xapaxamu xoopdunamarap ycyauoao

X =x(£), y = y(¢), z=2(f)
TeHr/1amanap 6unan 6epuarad OyACHH.

HyKra Te3auMruHu yHUHC KOOpDAMHATA YKJAAPUAATH TAlKHA
3TyBuYdaapu opkaau udonanaiMus:

v =010+, + TR

Byuu (1.25) ra xyamus:

- dv,, dv

w= i + " —I—
Te3NaHUIIHUHT KOOPJMHATA YKJApUAATH NPOEKUUANADHHU @, Wy,
w, Ousan 6earunad, (1.11) dopmyananapuu sbTHOOpra o1ub, OXup-
T TEHIJIMKHH KOODAMHATA YKJAapura npoeKuuanafiMus:

dv Tt d d
A Yy w, = "% =2 (1.26)

W, = — =X w, = —2 = =
x ’ y d’ y1 z df -

Lewmak, rykma messanumunune 6upop Yxoaew NPOEKyUACH ULy
HYKma mes3auzunure 6epuizan yKoazu Apoexyuscl y3eapuwit Ko-
HYHULOQH 8akm OYRu4a OAnHZAH OUpUHYL XOCUAQRA EKL HYKMA-
HULHe mezwan KOoOpOuHamacuoan eaxm OViu4a OAUHAH UK-
Kun4u mapmuban xocusraza meHe 3Kay. Te3NaHUII BEKTODHHHHT
MOAYJ/M XaMAa AYHaJMWU KyHudaru MyHocabat/aapraH TOMHJALH:

W=V witwltwl =V veto, Lo, =V Xty 2 (1.27)

A . w, - A wy - A w,
cos(w, i) = —=, cos(w, j)= -=» cos(w, £)= —2. (1.28)
w w w )

Hygma texvcinkia xapaxkaTaanub, YHUHT Xxapaxkamu Kymo
Koopounamasapuda Oepurzanda Te3NAHUI BEKTOPUHH aHHKJALI-
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— »
uu kypamus (1.9- pacm). p, Ba ry BEKTOPAAPUHHHI AYHAAUILAADH
y3rapyB4d 2KAHJAUCWHY 3bTHOOpra oaub, (1.16) dopmyna Ouaan

AHUKJAHYBUYH ¥ T€3AMK BEKTOPUAAH BAKT OyHMua XOCHJ/A 0JaMmU3:

> dv  ar—  dr dr.  dr dp= diz =+ dp doy
o= AY g dndee  drde s e pdrdey g og
at drr ° T w Tarale T et dt dt )

Mabaymky, GUPAMK BeKTOPAAH OJIMHTEH XOCHJAA YyHra NepneHau-
KyJaap OyJaraH BEKTOpHW Oepajiu:
->
dra de >
— = 2 p,. 130
dat '’ (139)

—

bynaa ,;:, BEKTOpP r, BEKTOPra HucOAaTaH COAT CTpesikacu xapaka-
THTa Teckap¥ Hynanuwaa =/2 Oypuakka Oypuaran Oyaub, 6y 6yp-

YyaK © HHUHr y3rapuwn Guaan yarapMmaiau. Ilemak, arap p, Bek-
»

TOpPIAaH XOCHJa oJcak, 0y xocuaa p, Ta nepneHAuKyJaap OyJrad
BeKTOpHHU udoaanaiu:

doo 2o % (1.31)

(1.30) Ba (1.31) nu wasapaa Tytu6 (1.29) TeuraukHn Kyfwnaaru-
ya €3amus:

. dxr T dr dcp dr do = d*% (dy Ui
w=“_r o —r =
AR L i p" ‘ )

dir  dy dr dg, ~
= —ri =) |r 4-2="“lp,.
ar \dt) 0 +( a ' Cat a't) Po

W BEKTOP MKKHTA BEKTODHHHI TeOMeTPUK HUFMHIAHCUAAH HOOpaT
- —
GyasanTu. YsaaphHu MocC paBumﬂ,a w, Ba W, OpKaan Gearunaimus:

o [ _ (4% o LR gdrdsy >
w"—[ : r(dt) ro Co= T G '2dldt)p°' (1.32)

— — —
W= W, = W,
-

, paluan me3AqHUUL 8eKMOPU, w sca Kyuda/zanz (mpaﬂcsep-

(‘(L/L) me3aaruu sexmopu nehvnaanu. (1.32) pau w, Ba wp BEK-

TODJIApH MOC PABHLIAA Fy Ba P, BEKTOPJAPUra KOJJIHHEAD 3KAHANIH
- > -
KypuHanu. , OUiaH @, §3apo nepnesauKyAap GysAraHd yuyH

W TyJa Te3/aHHW BEKTOPHUHHUHT MOAYJAM KyHuparu QopmyJ/ana
aHUKJAHALY:

w-——-l/fwf—{—w,?, (1.33)
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1.15- pacwm.

Hyxma xapaxamu mabuuit ycyada bepurzan 6yaub, y §=
= f(¢) Teurnama 6uaan udopansancun (1.15- pacm, a). M Hykra-
nan rta6uuit KoopauHaTta YKaapHuu yTkasamus. (1.22) ¢dopmyunara

Kypa:

D=Sti=1 1
Bynun (1.25) ra kysamus:
e - dv —
W = ;('UT)——-:"T‘}"UE’. (1.34)

—-

d .
(1.34) naru i HU XHCOGaHMHU3:
dx _ o Ac
dt  ato At

ABBasn 6y JUMHT MOAYJHHM, CYHT AYHAJINIIUHM TOnamus. By-
HUHT yuyH M wuykgtaga Kypuaran EMK yuBypuakHu Kapaimus.

EMK =A0, UMM, =5 ne6 Gearunaiimus: ME = MK=1 6yara-

pli AD |At| 'y
Hunans MD | EK, EMD = 3 ED = 3 . ANEMD  pan: |At] =
__QSm—— Y xoana
Ab
s a7 AT A As TS A0 as
—-=11rn|——=lirn — . —.=| =lim R
at At_,0| At At=y 140 As At At—»Ol AB/2  As At
AB
sin 5 \
Mabaymxu, lim . lim [ =] =v. (1.24) ra 6uHoOaH,
A0l ABf2 At 0|3
. Af |
lim = -,
As—» 01 AS [
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-~

dt - >
= HUHT A¥nanuiin At wuur Af >0 naru AUMWTH Ba3UATHTA MOC

—a - e —) - ———

kenamn. n | v, MD] At 69aranu yayu n, At = EMD = %"; At~
A8 de » -

-0 na 3 ~ 0. Bwuobapun, ~; HHHT Aynanwn n 6usan  MocC

Kesaju.

Haruxana xy#uaaru xocua 6yaann:
ax
dt

&
dt

- v ™
*h = —n,
e

Wyunaét kuan6, (1.34) Kyhunaruya ésunaiu:
-  dv~* y:>

W= T " n. (1.35)

(1.35) Hu Tabuuil xkOoOpAMHATA VK/J4pPUra MPOEKIMAIa0, TE3JAHHUI-
HUHT Wy yKJAapAard MpoexUUs/apHHU aHUKAANl MyMKHUH:

=% w,=0. (1.36)

dv - 02 s2
p p

{1.35) HUHr Yur TOMOHMIArU GUDHHYM XAl HYKMAHUHZ YPUHMAQ
mesnqruml nenuaanm:

>  dv
= — T, 37
w, dtt (1.37)

Ypunma messanuu Hyxma mesauzuy MUKOOPUHUHZ Y32ApUUIUHU

dv - -
udooarald, d_t->0 0a w. HuHe QAyraauwu < Ousan Oup xuax,

‘[l-ig~<0 oa ;51 8EKMOPD T 2 xapana-gapuy nynarzaon (1.15-
pacwm, 0).

| <

2>
n

(1.38)

b
), =
w,

o

HYKMAHUHe HOpmaas me3ranuuiy Aeinnanu. Hopmar mesranuu
me3nuk LYHArWUHLRZ Y32apumuny ugodaral, y 6ow HOpMal

Gup/aHK BeKTOpU 1 Ousan Oup xua RAyrasadu.

YpunMa Ba HopMasn Tesnankumap mukiopaapu (1.36) dopmy-
naaapaad tonuaanu. (1.37) sa (1.38) ra xypa (1.35) Ky#umaruua
&auaanu:

R S -

w=w, + w,, (1.39)

ABHU, 92Dk YUBUKAL XAPAKQMOAU HYKMQ ME3AGHUULL YPUHMA
B0 HOPMQA MEIAAHUULAAPHUKE 2e0MempuK [LUFUHOUCU2A MEH2.
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- A >
(s w,)=90° GyJaranu yyysr TesJaHWMIl MHUKAOPHM KyHuiaru
dopmyna Guaan TONMHARMNH:

2
W= ;/wf -+ wy. (1.40)
-
Tesnanum Hygaauiy YHUHr Ooul Hopmasa n OuaH TALWIKHJA KHJ-
raH p 6ypuary OpKaJu aHWKJIaHaAIH:
'Uh

p = arctg —, (1.41)

n

Arap w. =0, w,=0 6yica, HyKTa Te3NHIHMHMHT MHKIODH Ba
AYHanuwy ysrapmall, y TYFPH YMBUKJH TeKHC Xapakaria (Xxycy-
CHU#l X043 THHY XxO0JaTAd) OyJaanm.

w.# 0, w,=0 X0ula HYKTa TYFPH YHU3UKJIM Yy3rapyByaH xa-
pakarna Oy.ianu, arap o6up oHaa w,=0 6yJca, HYKTa yMyMmad
STPHU UYW3UK/AW XapakaT KuJHO, Wy OHAA TPAaeKTOPHUAHHHT OyKH=
Aull HykTacuiaa GyJaand,

w. =0, w,#0 1a HYKTa § = §;4-Uyf KOHYHra Kypa TEKHC xXa-
paxkar Kuaaad.

w. = const, w,#0 [a 3Ca HYKTa 3rpH YH3HKJIH TEKuHcC y3rapys-

dy
yaH xapakataa 6faaiu; Oy xoJna W = = C HU wuHTerpaanao,

2pu 4U3UKAL MEKUC Y32APYBUAH XAPAKAMOQ Me3AUKHI Ba 32~
PU HU3UKAL MeEKUC Y32apY8LaHn XApaKam KOKYHUHL ug00a.nosiu
MEHZAAMAAAPHE XOTHA KHAAMH3:

v = v, + w.{, (1.42)
w. {2
s = So -+ Vot + -5 (1.42)
5-macana. Hykra pannycu 800 M Gyaran afinana €iu 6yinad
TEKHUC y3lapyBuaH XapakKaT KHA2AU. Y HWUHT GOLIJAHFUY TE3JMIH
Vo =95 M/c 6yaub, s=800 M Macodann yrrannaH KeAWHTH Te3/uru
vr = 15 M/c.

Hygranuur GolwnanFuy TesnaHuin w,, 800 M macodanu yTuw
BakTH [ Ba xapakar Gouwanraunad Keiun 7 BakT yTraHda Ka-
Lail wr TeanaHHwra sra OY/NUIUM TOMNHJICUH.

Eunwi. Hykra arpy uusugau xapaxarga OyJraHp yuyyH YHHHT
Tedauruwy (1.39) dopmynara kypa Tonuaamu:

— . —

W= W+ W,.

Macana waprura xypa HyKTa Tekuc ¥y3rapyBuaH xXapakaria
6yaraun yuyu (1.42) Ba (1.43) dopmynanapian ¢oiianaHaMus:

V= Uy -+ WL, (1)
§ = S + vt +w. 7 (2)
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CaHoK GOLUMHM HYKTAHHHI OOLLIAHFHY XoJaTHAa oJcax, S;=0;

Macasa wapruna Gepuarauaapuu (1) Ba (2) ra Kyamus:

15=5-1w. -7, 800=5T+w,.’_;‘.
By teHraamasap cucteMacuHu eqcak, I = 80c¢; w.=0,125 m/c? =
= const Keau6 4uKamu.

Hygrauunur Gowaanruy Ba 7 naitpard Hopmasa Te3JanuumJa-
punu (1.36) dopmynasapHuHT HKKHHUKCHIAH Tonamu3. Hyxra Tpa-
eKTOpUACH aiiiaHa 6yarauy yuyH p= K = 800 m.

ol o2
-wm)= _“ =0,029 M/CQ, Wapt = —Z = 0,281 M/C2.
4 P

HyKTauunr Tesnaunumn @ =V w? + w) dbopMynagaH TONHAAAH,
Wynra kypa, ¢£=0, =T BaKT/ap yuyH, MOC paBuIU[ad W, =
= 0,129 M/c%, wy =0,308 = xeaué umkasu. Xap MKku mafiT yuyH

Tesjanul Aynamimudu (1.41) dopmyna épaamMuaa TonaMus:

w,
Ro = arctg| | arctg 4,310, re = 77%
Ld'Ys)
|| o
ny =arctg — =arctg 0,444, pr=24°,
Wyt

Tesnanuwm Bextopu AyHamumu 1.16- pacMaa TacBUPJAAHTAH.
=t
3
funan uponasaHran HyKTAHHHT TpaekTOpuscH Ba ¢ = | ¢ naiana-
TH TE3JMUCH, Te3JaHWIIW XaMaa TPaeKTODHUAHHMHI LIy BaKTra Moc
KeJYBYH STPHJIMK PaAuyCH TOMMJCHH (r — MeTpaa, { — CeKyHana
yagananu).

Eunm. (1.3) ndona Gusan HyKta XapakaTd TEHIJIaMaCHHU TaK-
KOCJIa6, KOOPAMHATA YyCyJHAa XapakaTHW Kyiudarvua udonanai-
MU3:

- R o e -
6- macana. Xapakatu r = 2sin %L + (3 cos — + 4)/ TexrJaama

nt
x =2sin 5

¢
y= 3cos% 4. (1)
By (1) reHraamanap cucremacu
HYKTa TPaeKTOPHACHHHHT MapameT-
PHK TeHrsiamaaapu 6yaub, yaaprax
BaKT { Hu HYKOTCaK, TpaekTopui-
HUHC KaHjafl yusvK OyJAUIUU aHUK-
Aanagu, ByHuHr yuyH (1) Hu
=t y—4 7t

= sin— —— =CoSs—
3’ 3 3

(SRR

1, 16- pacw. KypuHHga €3ub, yJapHUHC Xap
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GUpUHH KBaapaTra OwMpu6, xannad

(1.17- pacm).
t=1c nafiTia HyKTa TpaexToO- P

Kyluamna: 7
o | ()’_4)2 — - -
T = 1 (2) 13 \n» g
=1 -]
(2) Ran KypunuG TYPHOAMKH, HYKTA U % 4 |
TPAEKTOPHACK IMMMIC LAKAULA IKAH =~ #N |
i
|

o
pusHurr M Hykrtacuna 6yaanu. - -
Hykta tedaurnnun (1.11) — (1 13) Y
dopmynanap €paamMuaa TONAMU3: U, =
—x=Zcos¥ v, =y= —msin™ d
3 3 X 2 o Y 2
4 T T bl
Y =T el 2 é g X
]/gcos < +8in° 5 kM ¢
x . g W
v= 1/4 -+ 5sin 3 t. 3) 1.17- pacw.
5
t=1c nair yuyn v, = :- ~ 1,05 m/c, v, = — '/Tn = —2,72 m/c,

v= (;;1/3T=,2,92 Mm/c, cos, v, L_';= 2 ~0,3584, COS(ZT, J)= 'i:- =~
v
=~ —0,9312.

-
By xaTrannkaapHu pacmaa tacBupJaab, U BeKTOPH TPAeKTOPHSs-
ra M uygraga yTxkasuarad ypuHma Oyfiuua HydajaraHura Hgpop
6yaamus.
Hyxkranunr Tessanuwwunu (1.26)—(1.28) dopmyaanap socuta-
CHAa TomaMus:

. 2n? | wt . ' mé nf
wx=vx=——§—sm§, dly=l'y=—5'COS€,
bl 4 4 n © T /
W = 3 © —sin®-—¢ 4cos?—{ = 5 9 —5s1n? — ¢

t = 1c na#t yuyn:
we=~ —19 M/c?, w,~ — 165 m/ct, =251 m/c}

cos(@, i) = 2r ~—0,7570, cos(w, /)= 2¥ =~ —0,6573.
w

Mabaym wmacwta6 Tamaa6 oaub, Oy kartaaumkaapuu xam 1.17-
pacMmaa TacsupaaiimMns.

o!
TpaekTOpusiHMHr SrPHANK pPAAUYCHHU AHHKAAWAd W, = —
P

dopmynanan doiigasauum MyMkuH. BywuHr yuyH aBBaJ ypuHMa
Ba HOpMan Te3/IAHHIIJNADHH TOOHII Kepak.
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dv _ .
W, = EGleraHu yuyH (3) Aau BaKT Gyiiuya XOCHJa ONaMU3:

1 'mt . ‘n:t ; o
— s —¢t-sin — —
1; 31rco 3 3 5 . sn3t
w:=v=_‘ = — T°- -
3 = 18 ya &
2'/4+5sin2-3-t l/ 44 5oyt

Byunawn £ =1 c nafit yuyH fw:zO,SSﬂ2 Ken6 uukanu, Ypunma
C

. o 2
Te3nauull TEe3/UK BEKTOPW 6yfAuua Hymnairan. »*=w: 4 w: dop-
myJaanad ¢oftaasanund, f=1c BaKT yuyH HOPMAJ Te3JIaHULIHU
aHUKNAAMU3:

2
w, =) w —w;~ 2,36 m/c.
HopMan Tte3nanuwl w-. ra nepneHAUKyAsp paBHIIAA TPaeKTOPHUS-
HUHT OOTHK TOMOHUIA AyHAATaH.
t=1c mnaiiTga BYKTaHUET TPACKTOpHAAA rajjJanraH X0/aTtu
YUYYH STPUJUK PafuyCUHU TOMAMU3;

p= iﬂz2,69 M.

w,

5-§. HyKTavuHr 9pKMH TeOpaHMILM

Hygrauuur TYFPH uu3uK/AM Xapakarn ypraHuaaéTragaa, Kyn
X0/JapAa YHUHI 3pkuH TebpanMa XapakaTura Ay4 KeJHHAIH.

Hyxkra
x = asin(kt + a) (1.44)

TeHraMara GHHOAH Xapakaraadca, Oydnall xapakart 3pxun mel-
parma xapaxam feiinnaau. (1.44) nan 3pkuH Te6pasvMa xapaxar
rpadury cunycouwpa Oyadwu pasman (1.18- pacm). Hykrasuur ca-
HOK OOWIMAAH 3HT KATTA YeTra HUKUUIMN Xg,, = @ T'a Tenr 6yaub,
Oy Karrajgux mebpanuw amnsgmydacu neipvaasu. Canox 6Goumu
Kkuaus oauHran O HyKra 3ca mebpanuu. MEpKA3L [Nefdunami.
Hygraauar 6up maprta Ty1a TeOpaHulliy yuyH KETraH BagT meo-
paruu oaspu peihunanu. I tebpaudwn xaspu sin [R(f 4 T)+a| =
= sin(kt + 2x - o) 6yauw wapruaad GoidnaJaHHO TONMHAALH:
y
k

1
TeGpanuw AaBpUHUHT TecKapu KUAMATH v = - mebpanuus max-

popawen kt + a—mebpanuw gasacu, @ sca 6owranrud Pasa netiu-
Jaau. k =2m KaITAMMK MeOPARUUHUKZ QUKAUK €KN doupasuil
makpopauzy Jefinianu.

Arap a =0 ékn a = % 6yaca, (1.44) ra GuHOAH HYKTaHUHT 3p-
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1.18- pacm. 1.19- pacum.

KuH TeOpaHuIIapu MOC paBuliga X =asinké! éku Xx = acoskt
TenrJaamanap Ouwnan udonasaHamu.

Tyrpu 9U3HKJAM XAPaKaTAATH HYKTAHUHT TE3JUCH Ba TE3/]aHH-
mwu (1.12) sa (1.27) udonranapra 6HHOAH, MOC paBulLIA

V=TV, =X, W=W, =X
dopmynanap Gunad auugaavanud. BunoGapun, (1.44) nad Bakr
Gyivya GHUPUHYM BA MKKHHYM TapTUOAM XoCHAanapHu xucob.aab,
IpKUH TeGPaHMAa XapaKaTAard HYKTAHHHI TE3JUCH Ba TE3JaHUIIU-
HU aHUKJall MYMKHH:

v = a kcos(kt + a), w = — ak?sin(kt + a) = — k'x,

6-§. Hyxranunr ailnana 0yiaad xapaxaTu

Hygrauuur afinana 0y#aab xapaxaru amanjia Kyn yuypanaurad
Xxapakar TypJaapunad Gupuiup. M HygTa R paanycad afinana G6yi-
aa6 xapaxarnaiucuH (1.19- pacm). Kysraamac koopauHata yku, ma-
canan, Ox yx GuaaH aiiana kecuwrad HyKta O, HA caHOK 601K €6,
HYKTAHUHI TpaexTopus OFfisna6 coaT cTpeJskacd afijaHuliura Tec-
Kapu xapakatuHH mycbar fiyHaaum peb6 taHJgafiauk. ¥ xoama M
HYKTa @& KOOpAHHATacH S HUHP y3rapuiluHu S=KR - ¢ QopmyJa
Ouaan udomanam MYMKHH; 6yHaa ¢ opkaau Ox yx Guaan OM=
= R paanyc opacunparu Gypuak Gearunaurad 6yau6, y OM pa-
ouycrune anaanuw Oypiaen neAunaaln,

Alrana 0yiaab xapakamiaeu HYKMQ ME3AUUHU aHUKAALL
yuyH (1.22) dopmyaanan dolinaranamus:

= dsT_ dRe)T _ di
= at e TR (1.43)

0y eppra w= % kattanuk OM paduyc aliaanuuwunune 0ypiax

mesauer pefivjaaiu.
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Y xoaaa (1.45) tesrauk
V= Rot (1.46)

xypuudwaa &snaagu. (1.46) nau o > 0 6yaca, ;Bemopu? ypHH-

mMa 6yfnua, @ <0 na t ra xapama-Kapwu MRyHaJAHWH KYpHHUO
Typu6aH; TE€3NHKHUHT MUKIOPH

0 = Ru (1.44)

dbopmy.a 6yAnya aHRKAAHALH.

Afrana 6yiiaalb sapaxamoazy kYKMAHUKZ YpUHMa Me3ad-
nuwuHe (1.47) un wasapna tytu6 (1.37) dopmyaara acocan To-
naMus:

1’5 _dv';_Rdux‘T’
N de dt

d .
By wnbonanaru e= d—"; karranuk M Hyxma paduycu agiaruwu-

HUHZ GYypiaK me3ranumu Aedunanu.
IUynnaét xunu6,

W.= Ret,  w,=R-e. (1.48)

ANNAHAHUHT 3rPUAKK paduycu allaHa paauycura TeHr 6§au-
wu xamaa (1.47) uu 3bTHGOpra oaub, (1.38) dopmyaa épnamuna
aitrana Oyiaab xapaxamoazy HYKMAHUHE HOPMAAL ME3AJHUULL-

HU TONAaMHu3. .
e [72 Biand Rinw: —
Wp= — N = n
p R
KU
- -
Wy =Ro’n, w, = Ruw?, (1.49)

Atnana O6y#na6 xapakaTJaHYBUM HYKTAHUHI HOPMaa Te3JaHulW
MAPpKaA32a UHMUAMA Me3AaHuu, Ne6 XaMm aranaju.

(1.48) Ba (1.49) uu (1.40) Ba (1.41) dopmynranapra Kyiud,
aiirana 6yaaal xapaxamiazu HYKMA ME3AGHUULLHINZ MULK-
oopu 6a BYHAAWWUHL AaHVUKAOBYM KyHuaarn QopMmy/anapHu Xo-
CHa KUJIaMHU3!

w=} --w3+w,2.=RVs’+w‘, (1.50)

p:arclg'—%. (151

*

7- macana. M wapua yayuauru OM ={=15 m 6yaran wunra
ocuAraH Ba y BepTuxaa Texucanxaa O yx artpoduara

T T
= — — C - 1
@ 5 oS ¢ 9
Tenraamara Mysoduy aidlana éidu Oyiaad tebpanaan. Byuna ¢
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6ypuak Oy sepruxkanaan Gowaad pa-
AManaa yawaHu6, coar cTpeskacu ai-
JAHHILUIa TeckapH fAynanauw mycoar
ned OJWHraH, £ 3ca cekyHaaa ¥.a-

3
yanaid. M mapuaHunr ¢ =/f, = _c¢

nafiTaark Te3Jaurd Ba Te3JaHUIUH
xaMaa xapakat OollAaHrangan Keii-
WH YDHHMA Te3JaHUIH HOJAra TeHr
GynaAMTaH 3HT AKUH BaKT (=1, Ba
HOpMAJ Te3JaHulKd HoJAra TeHr O6F-
Jafurad 2Hr aKWH BagT £ =1#¢, TO-
nuacuu (1.20- pacm).

Euyyi. BowiaHfuy nairtaa, sibHU

¥
t=0 na (1) nan cp0=——-€6ynmun-
HH Kypamus; 6y nafiTaa wapua pacM- 1.20- pacn
pa TacsupJaauran M, xosaaraa 6y- 7
Aanm, cos%:l<1 Oyaranu ydyu (1) gam » Gypuax ‘— :;', -(;—l
1]

OpanuKaary KMAMartaapHH Kabya KUAHLWIHHE XOCHA KUAaMH3.
Asan (1) naH BaKT 6yiinua OMPUHUM BA HKKUHYU TapTHBIN XO-
cunanap xuco6.1a6, OM un afinaHuWKIUAT 6ypyaK Te3JAurd o Ba
Gypuak Te3 NaHHIUH & HU AHUKJAAAMH3:
de do 3 T

0= — = ——sm—t g=—=—cos - £
at 12 2 dt 24 2

(1.47) ¢popmysara OMHOAH apya TE3JAHUTHHM TONAMU3:

V= =1/. —sm—t
Rew 12 2

=t = % ¢ nagtna w——Ecossf=— Va2 pan =~21° 6Yy.u6,

wapuya pacmna Tacsupaanran M X0JIaTHH sraagaiinu. By nafitaa
M——15— in%z0872— 6yaub, vy Bekrop M HyKrana, xa-

paKaTHHlll‘ MycbaT AyHaJauluura MOC paBvuIaa, adNiaHara yTkasuJ-
ras ypunma Cyfinua AyHanand.

Ulapyasunr ypunMa rtesnandiunu (1.48) dopmyaanan ¢oiina-
JaHu06 aHuKAaAMU3:

3 4
=R-e=1-Zcos=¢. 2
w=R e 2% 3 2)
3
t ={, naiiTaa w1—12—4cos-f — 1,37 wm/c?

anHMa Te3./laHHLI_IHHHP Mauduil YIIOpaal YUKHINKM = {, TMalT-
na w, BEK10D um ra Teckapu HYHaIraHHHM Kypcataiw,
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lapyaunur HopMaa tesaanumunu (1.49) dopmyaara kypa TO-
namus:

— Ro? =] .2 gin? = 4. 3)
144 2
{=t¢, naiitna wy,={- —Zzsm2 —~O 5t m/ck,
an BekTOp M nykranan un 6yi#naé O mapkasra xapa6 iy-
HaJAraH.

(1.50) dopmyaara kypa M HyKra Te€3 aHWMIKHH TONAMH3:
) 2
wM=]/ w4411+'w,u”2 1,46 M/C2.
Tesnanun BEKTOPH @ HHUHT HyHATHUIMHH p GypuaK OpKaJu

anugaaimus. (1.51) dopmyaara Gunoas:

p=arctg 121 = arctg2,6863 ~ 69°35'.

¥YpunMa Te3naHWIIl HOAFA TEHr GYJaluraH BaKTHU TOMHULI YYYH
(2) na t=1¢t,, w.=0 ne6 onaMu3s:

l—cos =ty =0 == c0os— £, =0.
2 2

By rteurnama eunmu: —{,=—n (n=1, 2, 3,...) 6ysanu. Xapa-

Kar GownaHraHaaH Kekuurd @w-=0 O6ygaguran 3Hr SKUH BaKT
n=1 ra TYFpu Kesaau. ¥ xonana £, =1 ¢ xequ6 uugaiu.

t=1t(,=1 ¢ naltaa c.o————%cos%:O 6yau6, wapaa M, xo-

- —
JaTHU 3rannaian Ba Oy naitaa wy, = Wv,,. M Hyktaza ypuama

Te3NAHKIT HyHAAUIIKMHYM y3raptupaaun. Hopmana Ttesnanuur Hoara
TeHr GVJajurad BakTHWU Tonul yuyH (3) ma =1, w,=0 ge6
OJ1aMH3:

li‘—sinzit3 = Q<=sin—¢, =0.
144 2 2

By TeHrJama eunm: gta =k (k=0,1,2 8,...). Hopman Tes-

JAHWII HOJra TeHr OyJaaaurad 3HT fiKWH BakT 2 = 1 ra moC ke-

Janu: '21t3=n ku £, =2¢. t={;=2cC naiiTaa cp=—%cosn=
-

13 8 =g
=5 6ynu6, wapua M, XOMaTHU 3rajnaiian Ba OyHAA Wy, =WM,

Wapua M, xoaarra kearad ODafTAa TesAUrn HOAra TEHr 0F-
N3 AU,
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II 606, KATTUK X KUCMHUHI COJJA XAPAKATJIAPU

Kuem uekcus kynm HyKTasapHUHT TynJaaMuaan u6opar Gy.ue
mura KapamMacaaw, YHHHI XapakaTHHH 8HUKJAUl Y4YH, yHIaru
Gup TYFPH uM3WKAAa €TMaraH yuTa HYKTAHWHI XapaKaTHHU aHUK«
naw Kudosaaup. 2ucm A;, A,, A; HYKTaNapHHUHT BasHATH X,,
Vi, Z1s X2, Yo, 23 X3, Vg, 23 KOOpAUHATANAp Ousiad Gearusauran
6yacui (2.1-pacm). [y xucmaarn uxtdépuit B HyKTaHHHT X, vy,
z KOOpIMHAaTanapuuun A,, A, A; HyKTanap KoopavHaTazapu op-
Kanu ubona stamus. A,B Kecmanu d, Gunan, A,B «kecmanu d,
6unal, A;B xecmann dy 6naad Gearunainuk. dy, d,, d, Kecmanap
yarapmacaup. Mkkn nykra opacunaru macoda dopmyaacura aco-
CaH.

(x—x)+(y— )+ (2—2z)0=d,

(x_xz)z‘i‘(y—Y2)2+(Z—z:)2==dé,

(x — %)+ (y — ¥3)* + (2 — 2,)% == di.
6yaanu. By cucremanau sca X, y, z napuu A,, A, A; nyyranap
KOOpAMHATANaph OpKanu ndonanawr MyMKuH. Arap xHcM xapa-
karaa 6y/aca, 6y KoopauHaranap BaKTHUHr O6upop dyHKuuasapu
6yaub, X, ¥, z KOOPAWHATANAD XaM BAKTHUHC (DYHKUWUAAADH CH-
tdatuna yaap opkaau towuaand. IleMak, xHUCMHHHT XapakaTH yH-
[ard Gup TYFpu uu3uxna €TMaraH yuTa HYKTaCHHHHC Xapakatd
6unad TYJAMK OejdrunaHand. By yura Hyxta 9 Ta xoopauuata Gu-

JaH aHuKAdHanH. JlekuH Oy KOOpAMHATanap y3apo KyHdmjaru yura
MyHocabar 6uaaH GOFJaHraHIup;

(X —x3)" + (y1 — ¥2) 4 (:l —2,)' = l?,
(X —X3)2+ (K2 — ¥a)2 + (2, — 23)° = t
(3= (¥s — 31 + (25 —z,)z-:l%-

Bynzna ), I,, [; —voc paBuna A A,, A,A,; A,A, xecManapHuer
) 20 L3 p 2y a3
Y3yHAUTUAND. DBuuoGapuH, KHCM XapakaTHHM AHUKJAOBYH 9 Ta

‘ / o), ’\\
49 w Ayt $pudy)
o
o
/ |
2.1- pacm, £
3—59 55 83

www.ziyouz.com kutubxonasi



xoopavnaraaapuuur ¢axat 6 tacu mycrakua sxad. Ly mabHOna
3pKHUH XKUCMHHMHT xapakatu 6 Ta MyCTakua TeHrJamanap OuJad
upona 3THAALM, ACHUNAAU. YMYMaH, JHCUCH XAPAKAMIUHIL MYVALK
arukaosdu, Oup-6upuza OOFauk OYanazan nAPAMEMPAAPHUHE
COHU ICUCMHUHZ IPKUHAUK Oapadiacy deluaadu.

ZKucm xapaxatu 6ab3u fiynaauuisapaa kavlaiaup cababaapra
Kypa uek.adaHrad 6y ulN XaM MYMKHH, XapakaTuu uyeKa0BYH Ca-
6abaapra 6oFaaruwAap Aefiunanu. ¥Yjaap wUCM xapakatuuu ndo-
Jan0BYH TeHr/namanapra MabiayM Kywumya waptaap Kysian Ba
HAaTHXKAAA, XXKUCMHUHT 3PKUHJAWK JAdpakacuHu kamafiTupanu. Bor-
JAHUILJAD KYUWATAH XaPaKkaTJaHyBUW JKHCMJAPHUHI SPKHHAUK
LApaXaCHHHU AHHKJA MYXHM KHHeMaTuk Macasaagup. ApBas GoOF-
JAHHIIAATH XKUCMJAD XaPaKaTJAdDHHUHT MYXUM KYPHHUILNAPUHH,
CYHIrpa 3pDKUH XKHCM XapakaTHHYU ypraHamus.

7- §. JKUCMHHHI Warapujama xapakaTH

Xapakamu 0agomuda iucmoa ORUHZAH Xap KAHOQL Kecma
y3uza napaanes  Koaca, HCUCMHUKZ OYHOQH Xapukamuea
areapuaama  xapakam odeduaqodu. 2.2-pacMAa warapuaama
XapaKaT CXeMAaTUK paBHIIA3 KYypcaTuaray; 6yHia XKHUCM Xapakar
nasomuna kerma-xet I, Il, Il Basusitmapuu sraanaca, ynna oauu-
ran AB kecMa y3 napasJefnuruHu  caxjaal Kgoaraw. 2KuUCMBUHT
TYFPR YM3WKJIW XapaKaTd, BeJOCHNel nNelaJUMHUHT XapakaTH uJj-
rapujaMa xapakartra mucoa 6y.aa oJaau.

WMarapurama xapakaT KHJAYBYM XKHUCMHMHI XapakaTH YHUHT
6GHPOpP HYKTaCH XapakaTHHUHI Oepuanlun 6UNAH TYJHK aHHKJaHAa-
Au. XakKukaTtaH, UCM M(X;, ¥;, 2;) HYKTACHHUHI XapakatH

xp==x,(1), ¥ =(:?), 21=2,(¢)
Teursamanap Ousaan GepuJran OyacuH. N{(x, ¥y, 2) KUCMHUHT HX-

Tuépuit Hygtacu 6yJacuH (2.3- pacM)., MN BeKTOp XUCMUHHL HJI-
rapuJaMa xapakaty JaBoMHAA Y3ura napajnen KoaAand, sbHU Oy

Z
7
O~~~ ¢
/8 ;” 8!
|
A 'A/ | '
{—-1/7—.—“ |
g1 _}
l o
(A | 0
i i
[ ' a
U N < S
T H
2.2- pacwm. 2.3- pacm.
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= —_—
pekTOp ysrapmac Oysamu. MN BEeKTOPHHHI KOOPAWHATA yKJAdpU-
aru npoeKUHMsJapuHH @, b, ¢ fecak, yJaap XaM >HCM XapakaTH
fasomuna ysrapmadau. ywuur yuyn N HygTa xoopauuarana-
pHHH

x=x,t)Fa, y=y,(8) +b, 2=zt +e 2.1)

Teuraamanap 6uaau udonansam Mymkud. N HyKTa nxTuépuii Gyi-
raHviaH KoaraH 6apuya HyKTaJaap yuyH xam (2.1) ra yxwam Mmy-
nocabatnapHy €3Il MYMKHH.

Ulynaai Kuaub, KUCMHUHT MATAapUIaMa XapakaTH 3 Ta Tewr-
AaMa GuaaH aHugAanap sxkan. DuHoGapuu, OyHRAll XHUCMHHHT 3p-
KUHJAWK napaxacH 3 ra teur Oyaanau. (2.1) TenmraamanapiaH ua-
raDujama xapakaTAard xHucM 6apya HYKTaJapHHHHI TPaeKTOpHA-
Aapu OHMp XWJA KYPHHHULICE 3ra 3IKAHAUTH XAKUAA XYJA0Ca8 4UKapuiu
MYMKHH.

a, b Ba ¢ HUHT y3rapMmac 3KaHJAuTHHU Hasapaa TyTub (2.1) nau
BaKT Oyiiuua OUDUHUM TAPTHOAM XOCHJIA OJCAK, Kyduaaru kenub
YHKAAK:

-’-C=;V1’ yzi’h .z=z1
éKu
=T, . (2.2)

z

V., =V, . Ty =<V, . O
\‘ M_r Nv '",V N:

Y xonma N Ba M HyKTa/sapuuHr xap OHAArd Te3JHK BEKTOp-
Aapu 6up xua 6yaanu:

— -—
Ty=1,. 2.3)

(2.2) nan BagT 6y#ivua sHa Gup Mapra X0CHAA XHCOOBJaiMHu3:

Yy, =0, . UV, =7 v, =1
.!r'r M* N My' /\: Mz
éku

w, =w W, = W, =UW 2.4)

N, M Ny My N, M, (

(2.4) nan NV Ba M uyKranapHunr Xap OHJATH TEe3JAHHIINAPH XaM
6vp xua 6yaudity adHANP:

-» -

w! \ =1 w"_ (2|5)

M Ba N ilyKTanap ®UCMHUHT UXTHEPHI HYKTanapu GYAraHy yuyH,
(2.3) Ba (2.5) udonansapnu Kyiuaaruya €3um MyMKUH:

- - .

Uy=0vy=1,

(2.6)

- -

Wy =i, =w

Wynnaii xuau6, Kyhiunara meopesa nc6OTAHAK:
Hazapurana xapaxamoazi scucMuune Xxamma HYKMarape
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6up xun KypuHuwoazuy mpaexmopus 4us3ub, yaap xap oxda
Oup xua mesauk 8a 6up xua messdariimea sza 6yaadu.

Bywunan orcucmnunz uazapuramna xapakaminn ypeanuur YH-
dazu uXMUEpUl HyKMAHUHZ XAPAKAMUKL YP2QHUWLd KeAMUplL-
Aqju, neran xyaoca yukaad. XycycaH WIFapuaama XapaxaTiaru
MUCM HYKTACHHMHT Te3AWIH €KM Te3/jaHuIly AefHll YpHUTa XKHUCM-
HUHT TE3/UTH €KH Te3JAHUIIH AeHulll MYMKHH.

8- §. XucmuuHr Ky3raamac yx aipodunaru ailjasma xapaxkai.
bypuak Te3JHK Ba Oypuak Te3JaHUIl TylWlyrYajJapH

Xapaxam Oagomuda HCUCMHUKHZ UKKUMA HYKMAcu 00uUMO
KY3FAAMAL KOACQ, HCUCMHUHZ OYHOAll Xxapaxami KY3FAAMAC
yx ampogpudazu airanma xapaxkam dedunaol. Kysraimac Hyk-
Ta/JapaaH YTyBUM YK aiAaHuuL yxu AeRnnaiu. Ajdaanuu  yxu-
HuHe mycOam hyHaswmn cudaTuaa wynnafl Aynaaum kabyan Ku-
JHHAAMKH, YKHHHT yuuWlaH KaparaHia aillauMa Xapakar coar
CTpeAKacH alJlaHuliMIa Teckapw AyHaJuUlaa KYpPUHCHH.

®ukpan Oz aiijaHull YKH OpKaau Ky3FaaMmac P sipuM TeKHC-
AWK Pa aHA4HYBUH KHCM Onjas OGUDHKTHDUATAH Ky3rajyBuu Q
APUM TEKUCAMKJAAD yTKasahiauxk (2.4- pacMm). By Tekucauxaap opa-
CHAd XCCUA OyJaran MKkn €xjau Oypuakuu ¢ Gunad OearusaiMus,
XKucm afilaeMa xapakaT Kuiarasuza ¢ Gypuak MoC paBduija ys-
rapk6 Copanu. Alnanvw YKMHUHT YuulaH Kaparamaa ¢ Oypuax-
HYHT OPTHIUM COAT CTPEJKACH aHJAHWIIUIa TECKapH KYPHHCA, YHH
mycoar neb KapafiMmus, o 6ypuak Oypuauw Oypiazy peduaand. ¢
OypuaKHUHT Y3rapumu xucM 6apya HyKTaJsapu yuyH GHP XHJAILUP.

Llyuudr yuyH XUCMHHMHT KYy3Fajamac YK aTtpodujard afijanMa xa-
pakaTu

?=¢(t) (2.7

TeHr/ama OuaaH TYJAUK anukjaananu. (2.7) udcna scucmnunez Kys-
faamac Jx ampoPuor anaanma XapaKami MeHzAAMACH Lefn-
Jafu. -
bypuruw 6ypuaeunune saxm OGupau-
woa y3zapuuiuza HCucMRune 0ypuar mes-
Ayzu Oeiiunradu. Bypuak Te3JMKHUHT MHK-
JOpHHH o OujaH Oearusacak, tabpudra
6unoaH y Ky#huparu ¢QopMyaanaH TOMH-
Janu:
do *

0=20—s. (2.8)

JKucurune 6ypuax mesauzw WapTau
paBumiia ainanul Yxu Oyduua AyHAAraH
Ba yHUHr Myc6aT yuulaH Kaparasja afi-
JaHHI coaT CTpeJKacH XapakaTtura Tec-
2.4- pacm. Kapy KYpHHALUraH sexmop del xapanadu
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{2.4- pacm). Aftnanur ygu G¥finuya HyHatran OupJnK k.BeKrop KH-
pUTCaK, Kyiunary gopmyJa YpuHId Oynanm;

-— —-> . -2
©=0 k=ok (2.9)

Xanxapo cucTeMaza KHUCMHUMHT Oypuyak Te3/JMrH pajn/c fa yJjua-
HAAU!

[0] = Gypaax _ pan__ .-t
BaKT c

JKucmnuane Gyprax mesauzu Joumo P3zapmail KoAAOUZAH
xapaxkam mexkuc alisanma xapaxam Jdeiiusadu. JKucm Texuc
attnauma xapaxkarga 6y.aca, (2.8) uu mHTerpasiab, wyHJlaf xapa-
KaT KOHYHHMHM XOCHJ KWW MYMKHH:

¢ = 9o+ of, (2.10)

Oy epia ¢, — GOWIAHFMY BaKTAaru Oypuauil Gypuaru.
2KucM Tekuc ainaHMma xapakaraa 6yaca, Oypuak Te3JdKHH

. afe
#YCMHUHT OUP MUHYTAAru afaaHMiaap COHH —hn — Oujaad

MHH
s pan _
yauaum MyMKUH; Gy OUPJAUKAAH —— Ta YTHII YuyH
[

0=t (2.11)

popMmysagan doiinanaHusanu.

Eypuar me3aurnune saxm Oupadzi utnda y32apui jicucm-
HUKZ Gypiar mesaanuw deinradu. Bypuyak TesJaHull MHKAODH
e Ouaad 6earujaHanu:

e=—=""=0, (2.12)

{2.9) udornana k= cal‘st Oy/aradd yuyH Ky#iugaru udona ypuH-
JAULHD:

A'bHY, OypuaKk Te3/aHHII BEKTODY XaM aiJaHuIn YKu Oyiuua Ay-
Hajtagu. ¥ o >0, e >0 éxu o <0, ¢ <0 6yaranga o BeKTOPH

Ounar 6up xua, 0 >0, e <0 ékn 0<<0, e >0 6yaradna 3ca o
BEKTOpHra Kapama-kapiuiu WyHasaau. Bypuax rteaauk OGuaan Oyp-
YaK Te3JaHUIU GUp XUJA uwopanu 6y./ca, xapaxam me3LAHYsLaR,
TYpJH HIIOPAAN 6YJ/ICA, CEKUHAAHYEUAR QUAAHMA XAPAKAM Ae-
Auaagu. 2.4- pacMaa TessaHyBuaH aiJaHMa XapaxarT XoJd YuYyH

> —
®, ¢ AYHAMUIUAAPH KYpPCaTHATaH.

Texuc aiianma xapakaraa o = const 6yarauu yuyH e = 0 ypur-
JUAND.
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XanKapo CHCTeMana KUCMHUHF 6ypuaK Te3 aHWLLU P12 na ya-
CJ

HaHanu:

=—=c-’

’5 - O6ypuax pan
(BaKT)? c? -

Bypuak Tesnanuumu ysrapMall Konagnrad xapakaira MeKuc
V3eapysHan aiaanma xapakam Nefuanm.

(2.12) xeTMa-keT WKKW MApTa WHTErpaaianca, TEKHC Yarapys-
UaH xXapaxkaTiaa Oypuax TE3AMKHUHT Y3rapuiliiHin Ba Xapakar Ko-
HYHWHU UDONanoBuy Kyiuaaru gopmyaanap kequd 4uKaiu:

o=, | et, (2.13)
p=¢, ol +¢ t—: (2.14)

(2.13) Ba (2.14) na o, Guaan OGomanruu Oypuauim Gypuard,
@, O6uaan ComnanFuy Gypuak Te3/HK Ge il uJaHTaH.

9- §. Kyaraamac §x arpocduia aisaHyBuH HHCM HYKTaCHHUHI
Te3JUI'n Ba Te3JaHHUIUH

KysraaMac yK arpoduia ailianysdu KWCM HYyKTaJjapu afaa-
HHII YKUCA NepuneHauKyAfp Tekucaukaapia a#nananap Oyiaaé
xapakataanaau, lllynra xypa, XMCMHHUHr HXTHEPHI M HyKTacu-
Aay afinanuis  yxurasa OyJaran macodauu /i Ouian  Oesruaacax
(2.5- pacm), 6y HYKTA Te3JUTHMHUHT aare6pamk KulimaTtuuu (1.47)
dopmysara OMHOaH KyfuAaruva aHUKAAW MYMKHH:

v=1N-0, (2.15)

2KucMmuunr 6upop HykracuaaHn afjiaHuil ykuraua 6yaram ma-
coda £ Wy HYKTAHWUHT afAQHuw paduyci 1e6 aTtanalu.

(2.15) na @ wucMuuar 6Gypuak

z Tesauru Oyaub, y KuCM XaMmma

o\ HYKTanapy aiJaHnll paanryCaaph

yuyH OBp XHAILHD.

(2.15) nan x§ypHHAnUKH, KY3-

Faamac yx ampoguda aliAAHYE-

YL oCUCHM HYKMAAQPUHUHZ ME3-

AUKZAPU WY HYKMAARY QULAQHILUL

R = paduycaapuza myrpw nponopyu-

T~~~ OHAAJLP; OYHAA XHCMHUHT Oyp-

UaK Te3JUrH NPONOPLHOHANMHK KO-

adgpunuentunn ubonasainn. Kys-

Faamac yx ampoguoa aiAarysiu

gcucm  xap Oup HYKMACUHUHZ

Mme3AuK  BeKmopu Wy Hyxma

mpaexmopusc 0yamuul allAana-

2Q ymrasuAzad ypurma 0Oynutd,

afiranuue  YKu  xanda allAdHLU
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paouyctuza NepueHouKYAsp pasumoa, alhAaHuu LYHAALWUIQ
Moc lyHaaraouw.
Afinaunw ykuaa oaudran O xoopaunara Gotuura HucGatan M

HYKTAQHUHT DAaJHYC-BEKTOPHHU r OuadaH Oearuiapavk. 2Kucm ab-

CONIOT KaTTHK OyATaHu Y4yH r BEKTOPHUHI MHKAOPH y3rapmai,
(dakar fAynanuiip yarapain. 2KucmHuHr Oypuak Tesnuru o Gya-

cuu, Arap r-sin{o, r) =/f OyauluHg 2bTHOOpra 01ub, wxXr Ky-
naiiTMaHUHT MUKAOD Ba HYHAJMIIWHY TeKlIHpcak, Oy BEKTOp KYy-
naiT™Ma Ky3raaMacC YK aTpoduna alllaHyBUYH KHUCM HYKTACHHUHT
TE3/IUTHHH HPOAAJAIKHN KYPaMH3. bunobapuy, Ky3raamac YK aT-
poduaa ainadyBUX KHCM HYKTAaCHUHWHL TE3/HK BEKTOPUHU

v=o0Xr (2.16)

hopMyna 6usan udomasall MYMKHUH,

[ynnah Kuaub, KY3FaAAMac yx ampopuia ailAaHysYU HCUCH
HVKMACUHUHE ME3AUK 6eKMOpL KUCMHAHT OypuaK Te3JurH BeK-
TOpH OW/aH HYKTa pPaauyC-BeKTODUHHUHI BEKTOP Kynadrmacura

TeHr,

-

v= Ztr_ 6yarangn yuyH (2.16) nu

dr N

0 X r (2.17)

Kypuunmuaa ésum mMyMmxud. (2.17) ndona dagat Hyuasumu y3-

rapyBud BeKTOpP YUMHUHT TE3/JUTHHW AHUK/IOBYH (POPMY.IaLUP.
Kysranvac yx arpoduna afnaHyB4d KHUCM HYKTACHHWHT Te3-

JaHUWHAEY auugaaw yuyd (1.48) = (1.51) dopmyaanapun yyanab

Kyfngaruy udonaanapHu XOCUI KUJTAMH3:

w =he, w,=ho', (2.18)
w=hy e +ad, p=arctg '-;I (2.19)

By dopmynanapnan kypamusdku, Kysraamac YK arpobuna aii-
J3AYBYH KWUCM HYKTACUHHHI YypHHMd, HODMaa (Mapkasra wurua-
Ma) Ba TyJ & TE3JAHHIIAAPH HYKTAHUHT alJauydll DAAMyCura TyFr-
pPU NPONOpLHOHAA 3KAH. a

-
Arap MUCMHUHT aliyaHdMmIM Te3JaHysdaH Oy.Jca, w. Ba ¥ f1y-
> -

dajanuinapy 6up XuJa, CeKUMHAAHyBYaH Oyaranjga w- BEKTOPH U TIa
Kapama-kKapiu Ayrasnanu (2.5- pacM Te3/JaHyBuaH XOJUra MOC Ke-
Aand), HYKTAHWHT HOPMAJ-MapKasra WHTHAMA TE3JAHWIUU HYKTa-
JdaH ainanuin paauycu Oyinad aifsaHuml KM TOMOH #yHaJaajH.
Kysranumac §K atpoduia aiiJaHyBUH HKUCM HYKTACH Te3JaHu-
WUHY BEeKTOp YyCyJada aHugjaaw yudyd (2.16) man Bayr Gyiuua
xocuaa xucobaapmus: . .
= dy dw - dr
W= Tu KXy

-
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W=eX I+ oXu=eXr+ oXoXr (2.20)
(2.20) udonanarn _Xap_ xahchH Kywnaysun BexTopaapHu (2.18)

Ounan Takkocaal, e X r HYKTAHWHT YPHHMA TE3JaHHMUIM, w X
3Ca HOPMAJ Te3JaHUINMHN HQOAAJNAIIM OCOHrUHA UCGOTaAHAnU.
Hlyuaat guan6,

w_=eXr, (2.21)
W= 0X 0 =0X(oX7) (2.92)

63116, (2.20) Bn Kyhuaaru KYpUHUIWAA €3uLI MYMKMH:
D=+ W, (2.23)

8- macaja. Tunu xosaTna 6yaran BaJ TEKHC Te3JAHMII GUAaH
afiiaHa 6owviaiiny, 6upuHId b cexynana y 12,0 mapra aisanand.
Basnnnar Oypuaxk TeaaHunmd Ba & CeKyHJ oXMpHAaru Oypuax Te3-
JIUTH TOMHWJ/CHH.

Euniu. Ban texuc re3nanyBuaH xapakarga Oyaranu yuyHd (2.13)
Ba (2.14) dopmynanapnan dofirasanamus.

Ban1 GownawFuu najitna TMHY xosaraa Oyaraum yuye ¢,=0,
w,=0. ¥ xoana (2.13) sa (2.14) udonanap xyiduparuua €3uaaju:

Baan 5 cexkywana 12,5 mapra aiinamca, 6y Bagtaa OypuJanil
Gypuaru xuiimati ¢ = 2n-12,5 = 25n pax 6yaaau.
LUlyrra xjpa e= =L = L P
12 25 ’
Banuunr 5 cexynn yTranaaH kednHHru »0ypUaK TE3NUIHHH TO=
namMmus:

w=:l=9%.5=10rc""

Ulyunad xuand, o =10nc™", e=2nc 2

9-macana. 2.6- pacmaa xypcartdirad 1« OKHUHT XapakaTh X =
= (0,18¢4240,09¢ -}- 0,05) m Tenrsama 6unan mbouaraHann (¢—ce-=
Kyuana yavanaan). H- wkuB M HyKTACHHUHT £ ={, naiitiaru 1e3-
JIUry Ba Te3JaHuud tonuacHH. Kyiunarunap Gepuaran: ro =0,3 M,
r3 = 074 M, r4=0,3 M, l',,=0,15 M, t‘= 1 C.

Eunpi. 5- mknBra xapaxar l-iokaad y3aTHATaHWJaH YHHHT Xa-
paKar KOHYHUWJAH BakT Oyiuua xocuaa xuco6/al, 0K TE3MUIHHU
AHUKJAHMU3:

v, = x =0,36¢ 4+ 0,09.

1- 1ok OHPHKTHPUAraH aPKOHHUHI OCHATaH KHCMH HJIrapu/iaMa
Xapakar KW/araHu yuyH v, = T;;, HKKHHYM TOMOHJAH A nykra
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4 2.6- pacw,

Ky3raamac YK atpoduia aijaHyByd 2- WKUBra Teruiad O0¥/arasu
yuyn (2.15) dopmynara GUHOBH: U, = 0, Ty,
v 0,36¢4-0,09 C—]

By Tenraukpan: o, = == -

1 <
2- Ba 3- wKUBJAAp 6up YK arpoduma ainaurauu yuyu
_ 03614009

Ty

(3)3=.(‘)2

CD Ttpoc uirapusaaMa xapakar Kuaraud yuyd o, = v,; C Ba D
HyKTasap, MOC paBuuida, 3-Ba 4- WKUBAApra Teruwan Oyaradu-
Jan

De: = U)‘._rz, ‘t’b - 11.‘.,'"

a r
HeMax, wgry =w,r, éxku o,= 2w,
r

4-Ba O- wkusaap Gup YK a;poqmaa AlMaHraH YUYH O = ©4,
Hatuwxana
0, =2 0, = T2 (0,36¢ + 0,09)c™"

2
[

r, ryr,

Xocua 6ynanu: OyHTa ry, ry, £, KAEMATAQpUHE KYy{iuG 5- IIKHB
6ypuax Te3NMTYHWHI Y3rapuil KOHYHHHH aHHKJAafiMH3:

w5 =0,8(4¢ + 1),

2—5- WKKUBAADHUHT aitanuiu #ynaavmaapu 2.6- pacmaa xyo-
caTunrad,

5- mkuB Oypuak TesaanumuHuM (2.12) dopMmysara Kypa auuy-
JafMu3:

E5= (1)5 = 3,2C_20

Suau (2.15) dopmysra épramuaa M HYKTa TE3NUIMHM 8HHK-
JanMus:
= w,r,=0,24(4¢+ 1)m/c; (=t =1c na v,=1,2 m/c.

Uy
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v, BeKTOPH O- WIKHB allanHumu #ysanuwiura Moc pasuwpa M
HYKTa TPAexkTOpHsiCcMra yTKasuaraH ypuHMma Oyfinua fiyuajran.

M nykTanusr ypuHMa Ba Hopmasa TeaJanumsaapu (2.18) ¢op-
Mysara OGnHOoaH TONWJALM:

W, = rs-5,=0,96 M/c?, w

Mn= rs"‘)g =0,192(4¢41)* m/c%

llemak, M HYKTaHWHT YypHHMA Te3JAHHIUK BakTra OOFIHK

3MAac, HOpMaJ Te3JaHHWHU 3ca BaKT QyHuusacuAaH uéopat 6y.ub,

t=t,=1c na w, = 4,8 m/c®. M RHyKTanuur =1/, mnafTaard
n

TyJa TE3/aHWINUBY AHHKAAMU3:
wy =V @it ok =V (006 + (48) ~ 4,895 w/c’,
p=arctg sl arctg ng =arctg 0,2~ 12,5°,
w

§

111 606. XUCMHUHI' TEKUC MNAPAJUJIEJTT XAPAKATHU

10- §. JKUCMHUHT TeKUC mnapajien XapaKaTHHU TEKUC
waKa XxapaxkaTtura Kearapuw, Texkuc napannen xapakat
TeHFJamMalapy

Hucmrune xap Oup nyymacun O0upop KY3FAAMAE MEKUCAUK-
Ka HUCOamarn RAPAANEL MEKUCAUKOQ XAPAKAMAAHCR, HCUCH-
HuHe OYHJIAl xapakamuy meKuc napasrer Xapaxam oelinaadu,

2Kuem g¥sranmac II, Tekucankka HUCOATaH TEKUC Mapajaest
xapakar xuicuH (3.1- pacm). [y »xucmaa II) Tekncankka napad-
aea pasuiina I, texucauk Yixasainuk. I, TEKUCAHKHUHT MKHCM-
Jla a}¥parran KecuMuHu S Ouaan Gearuaaiauk. S xecum HyKTa-
Japy XamMacu Oump TeKHCaWkjla @ETraHum YyuyH YHH MEKUC WaKi
ne6 araiiMus. 2KucMm Texkuc napanses xapakataa Oyaca, S Kecum
xapaxkat pasomuaa I, Texucaukka napaqajes paBuULiaa Xapakars
NaHand. S KeCUMHHHT uxTuépHit N nykTacu opkaan Il Texuc-
JUKKA DeprneHAuMKyasp kuaub NM umaug yTKascak, reKuc napas-
Nlenl xapaxkaT Tabpudura acocaH, 0y 4M3HUK KHUCMHUHI XapaxkaTd
NaBOMUWAA y3ura napanjes kyuanu, sbuu NM unsug warapuaa-
Ma xapakar Kuaanu. Buno6apuH, KUCMHMHT YymOy 4U3MK YCTHIE
éTYBUM HyKTasapn Gnp Xua KOHYH Ouaau, macaiaH N HyKTanuHD
XapakaT KOHyHu Ous@H XapaxkaT.nanaiu. DyHAaRl ¢ukpHu S ke-
CHUMHUHT KoJran 6apua HyKTaJapu yCTHla XaMm [IOPUTHO, KeCHM
HYKTa/apUHUHT XAPaKaTH XHUCM XapakartuHu OeJrH/Jaluiu Kipa-
mMus. lysnall guaub, 3HAM KUCMHUHT TEKHC napaJjgesn xapakaTu-
HY TeKIHPHII YPHHIA yHAA OJMHraH S TeKUC IIAaKAHWHL Xapaxa-
THHU Tekwupcak Oyaanu. lilynnait § wakn 3.2- pacmaa kypca-
TUATaH. X0,y TEKUCJHKHW S TeKUC IIAKAHMHT XapaKkaT TeKUCAUTH
Aeb onaiauk. S TeKHC ILaKk/JAHWHT XOJaTd YHAA odnnradn OM kec-
Ma xosaaru Ouaan, Oomkaua afitranga xymoé cde6 amaaysuu O
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(&5, |
)

/
f‘

3.1- pacm. 3.2- pacm.

HYKTa KOOpPAMHATaNapu Xo, Yo xamia OM kecvauuur O,x 6Guran
TAWlKUI KUAraH ¢ Oypuyard opKaJu TYJAuK aHuxaaHajid., Ulynpai
KUANO, MeklC wmaKAHuUKR2 XapaKamu

Xo=xo(f), yo=)o0(t), ¢=ro(f) (3.1)

meHzaamarap 6uran ugooaranadu. Texuc wakJHUHT, GUsoGa-
PHH, TEKWC HapaJJ/es] XapakaTAard XKUCMHAHT 3DKUHJMK Aapaxa-
cu 3 ra TeHr.

Texuc waka ¢, nafitna | Baguaraa Oyaub (3.3- pacm), yHila
oauaran OM kecma O'M’ xonartuu, t, nafitna »sca 1l paswdtaa
6yam6, OM kecma O"M” xonatum srannacuu. Tekuc 1makara mys-
naf warapusama Kyuuw Gepadanxku, O'M’ xecma O”"M, xonar-
HE OJICHH, cyHrpa O" HyKTagad YTyBud yK arpodhmaa Texuc

wakara 3= M,0”"M" afinauma xyuu Oepcak, texuc waka |l sa
3UATra YTaau.

Hemak, merxuc warxainune 6up X04amoaH UKKIHYLIL Xxoaamea
KY4Liay KYMO OUAan OupAlKOq UA20puAAMa KY4Uur Xamoa
Kym6 ampo@uoazi. ALAGHMA KYLUUWOAH mauKua monzan 0ed
wapaur mymxin, By XyaocaHW TEKHC WIAKJAHMHT KHHHK BaKT Opa-
ARFUAArY X4pakaTh V4yH
rat6uK 3THO, Kyiluaaru Te-

OPEMaHH XOCHJA KHJIAMH3: / /4
MEKIC ULAKAHUHZ XAD OH-
oazu  xapakamu  YHUHZ

Kymb6 Ousan Oupearuxoa n M M
ureapusarma xapaxamu ‘
xasoa kymé ampoguiazu v,/
ARAIHNA  XAPAKAMUOAH ,

[
ubopam. a”"

(3.1) xapaxar Ttenraa- N
MaJapURHHT OHpUHYW HK-
KUTACHHH KYTOHUHI MJTa- .G pae.

www.ziyouz.com kutubxonasi 13



puaaMa XapaxkaTd TeHr/JaManapu, YYMHYMCHHU 3ca KyT6 aTpoduia
afiiaHMa xapakat TeHrsnamanapu ge6 Kapaul MYMKHH.

Tekuc napasien xapakaTHUHT H/ATapuiaMa KHCMHU KyTOHHHT
TaHjauuMmiura OOFAHK, aiJlaHMa KHCMU 3Ca KYTGHHHT TaHJa-

Buwura 6oriux  smac., lyuunr yuyn o = ¢, = =+ wmyHoCa-
GarsiapiaH aHHWKAAHYBUH ® Ba & MOC DABUUINA IMEKUC ULAKAHUHZ

Oypuax mesauzunu Ba Oypiarx messanuwuny uhogaraiin.  Ba
e BekTopJap (8-naparpadra KapaHr) TEKHC IIAKJA TEKHUCJAUTHra
NEPNeHAUKYASAD paBuiila KyT6 opKaau §ixasuaran YK Oyiiiad
Aysanrayg OyJjanu. XapakaTHUHT afilanMa KHCMH Te3J/aHYBYAH
O6y/aca o OuaaH e Oup TOMOHra, CexuHjgaHysyan 6yaca Kapama-
Kapiid ToMoHra Hynaaras O6yaagu. Texuc wmaxa xapakaTtu Gup

TeKHUC/AUKAA coaup OYAraHd y4yd @ Ba € BEKTOpJAp 4u3Mana af-
JaHUW HYHAAMIIAaDHHU KYDPCATULI OpKaJdd TacBHPJAAHALH.

11-§. TeKkuc mIaKA HYKTACHHHHT Te3MHIH

Teopena, Teruc waxa uxmuépuii HYKMACUHUHZ MmMe3AdzE
Kymé mesauzi OuAan MA3KYP HYKMARUKHZ KYymO ampoguda aira-
RILLu0Qeu WUSUKAL — ME3AUUHUHZ 200 MempPitik  Lu FUHOUCUZE
menz.

Hcbor. M—rtexuc wmaxkana onunran nxru€puit Hykra, O 3ca
KyTs OysacuH (3.4- pacm). M uyxrauuar O ra HuclGaTad paauyc-

BEKTOPHHU I, Guaan Gearaaaiimus. O sa M nygranaphu waxa
TeKUCAuruia OJMHraH Kysraamac xO.y goopauHataaap CUCTeMa-

CHHUMHT Goun OujaH I, Ba I, paauyc-BekTopaap éplavnia Ty-
TawTHpamMus, Texkuc WAKAHUHT XapakKaTH AABOMHAA

—

P =To+ o (3.2)

myunocabar Ypunau 6§¥aand. (3.2) naun BakT Oyfiuua xocunaa onaa-
MH3:

dry drg aryo

dt dt dt

(3.3)

-

drM
Bynna —; Xocuna M nyxrTaHuur

- dr o
v, Teaiurunu, —— 3ca O HyKTa-
de

HUHT U, TesJurunu Hudoanannu.
JKuem xarTug 6yAraHu yuyH TeKUC

IAKJHUHE XapaKarTy 1asoMula I yo
BEKTOPHIHr daxaT HyHadiun y3-
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dr - -
rapanu. ¥ xoaxa (2.17) ra Gunoan —22 = wXr,, 6yaus, y M

HyKTauudr O Kyt6 atpodupa aflnana Oyi#aab XapakaThiarn Uy
o
YH3HKAH Te3AMK BEKTOpHAaH HGopar Gyaand.
Hatuxana (3.3) renrauk

— =

'vu =g 4 ‘:’ p A rio (3.4)

KypuHUIIAA &3uAN0, TEOPEeMAaHUHT YPAHAN SKAHMUTHHU KYpCaTanu.

[yunait kuan6, TeKUC wakaA OUPOD HYKTACHHUHT TE3JIUTY Gy~
JaH KHUCMHUHC OHuH Oypuak Tedauru Oepuaradn 0Oyaca, Texuc
WaKa AXTHEPUI HYKTACHHUHT TE3NUTHHH aHUKIAM MYMKHH 3Kay,
(3.4) QgopMmynara GHHOAH MEKUC WAKA KYKMACUHUKE INE3AL2umL
AHHKAAUITA KymO YoyAu OUAQH ARLKAQU AelHNaAU.

- —

Umo = o X ;MO (3.5)

Gearunawl kuputhb, (3.4) Hu Ky#umaruua ésamus:

- -

v ="oF Vo (3.6)
(3.5) BexTOp KymafitMa MOAYJUHU AHUKJIAAMHU3:

zyuo-"=u)‘r‘"o’sin900=(0‘O."’1, (3 7)

¥, BexTopu O arpodpuaa afinanum pagnycn OM ra nepnew.
JHKYJAAD pasulnja afnadgaur Hyrasumura Mocaad dysaarapuaana,

McBoT guaudran TeopeMagaH KyHdAaru HaTHKAAAD KaAHG U-
Kaan,

I-Hamuxca. Azap saxmuunz Gepusean naimida 0ypiaiix mes-
AUK HOAZA medz 0YACA, MeKuc Wik 0apid HYKMAAAPUHUHZ
mesauzl wy naimoz O6up-Oupuza 2e0M2mpar pasuiudd mewnz
Oyradu.

Xakukaran, arap o =0 6yaca, ® x;_wu=0 6y1u0, (3.4) ¢op-

MyJafad o, =T, Keaub uyukaauw. Dyuna M Hygra UXTHépui
6yirany yuys OJMHIAH HATHKA TEKHC WAKAHHHT 0apya HygTa-
Japura taanaayxgauaup. Tekuc waxkJHusr o =0 6yJaran unafit
Iaru XapaKatdH OHUl uizapuisama xapaxam Jefinnand.

2-namuxca. Texuc waxa UKKyL HYKMACH ME3AUKAADUHUNE
wy Hyxmaaapdan ymyeiu yxoazw npoexyusrapu Y3apo mewe-
oup.

By natuxaun ucboraam yuyH (3.6) udpozann OM yxKa npo-
eKilusa1aliMu3a;

-

0P 53t Yy = TP 53 Yo T PS5 Ymo
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Jlekuu ? 4 BekTOp OM ra nepnenauxy.asp, OGuUHOGADHH,

NP 53 Yo =0. lWynnait xuau6;

NP gz vm =DP o4 Yo (3.8)

(3.8) dopmyna Ounan mexuc wakxi HYKMACUHUKZ Me3AUZUHY
aHMKall, YHH APOEKyUA YCcyau GuAGH monuu Leduaanu.

12-§. Tesnuxaap oHMH MapKa3u Ba yHaaH qoiinanannd
TEKHC IIaKJ HYKTACHHUHI Te3JUrHHM aHMKJall

Texuc waka HYKTaJaDUHWHF TE3JUKNAPU XaKHIard TEOPEeMandaH
doinanaunb, Oypilax messuzu HOAIAH PAPKAL MEKUC WAKA
V4YH MA3KYD WAKA mexucauzuda émysdu sa mesauzy Oup oHoa
HoAza meHe OYA2aH HYKMAKUHZ MABHCYOAUZUHL KYPCAMULL
Mymrur, OyHAAN HyKTara me3AUKAQp OHUL MAPHA3W delturadu.
Bypuak rtesaurn o 6yaran Tekuc wakJ O HyKTaCUHHHT Te3JWry

v, Oepuaran 6ynacuu. v, sBexktopHu O atpoduna aliauuwm fy-
naanwn G6yinua 90° ra Oypuwaan xocua Oyaran OL Tyrpu um-

sukna OP = £2 renraux 6yfinua anukaanyBun (3.5- pacm) P HyK-

Ta taunab, O HyKranu KyTO Ae6 osub, P HYKTa Te3JUTruHU SHHK-
aafaik. (3.6) dopmynara Kypa

Up = Vo I vpo.

v —
(3.7) ra acocan vp,=0-OP=0 f = v, 06yub, g, BexTopu OP

—

ra nepneHaMKyaap Ba U, HyHaaHWIWra KapaMma-Kapwu #yHaaras,

ABHA Vpy = — go. ¥ X014a P HyKTAHHET TE3JHTH

,-UP___(UO—’F—,UP0=0

O6ynanu. [emax, P HygTa Te3auk.aap OHUN Mapkasn 0y/7ap sKaH.
Bynaafi BYKTa TCKUC WIAKJIHWHT yswra Terylin Oy/aMackaH Mas-
Kyp wWwaka KoRvaawran Ba y OGusau OOFNaHT4H TeKucaukaa 0y-
AUIIH XaM MYMKHH.

duau Gypuak Tesaurv ® Gyaran Tekuc waka uxtuépuii M
HYKTACHHUHT TE3JMTHUHH TONWII YuyH Te3/]ukJap OHWA Mapkasu P
nn Kyt6 me6 onaiauk (3.6-pacm). Y xoana (3.6) dopmynara
acoca:

- - -—

Ty = Tp T Uyp.

P HyKTa Te3Jukaap OHH{ MapKasu OYATaHM YUYH 1,,,=0', O6UHO.
OapuH,

Uu = Vmp.

(3.0
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;’- 2, 9?—‘. I
Y
! - ,712
e O
o 7
(>3
\ 5% z
. ERS 2 .
(3.9) na\ =Y T BN
mesauen - < ?!';Ys_si :
Kasuw am % % % < %A kpuso-
Poioa rany E TR S0Myaa
-t - N
2 o w24 =g
¢ 3 %e Aw
udonany x0cy 2 T %
. Ce = v
v, BekTOp \ RN
aa MP ra nep}\
pangen xapakari
OHOazi me3auiu Qs
3uzaua 0ya2an Keh . Oypuak
ME3ANRURUAR K . gca anAaArLUL
AyHarnwmuza Moc p CHOUKYAAP OYAQ0LL.
Tekue WaxKAHUHT .y XYJA0CaHH Ky/anacax:
Nl (3.11)
(3.10) sa (3.11) nan:
o P
P (3.12)

vk HKP

HUCOATHH  Xocua kuanm mymxud. (3.12) myHnocaGar. gyihwiaru
HAaTHXKAHW nPofanafiin: mexuc wawse Hy~*maLapuuuue me3AlkK-
AaPU MY HYKMAAAPOAH Me3AukAap OHU Maprazueata Oyazau
Macogaza MyrFpu nponopyuonasdup. Texuc waxs Hygmaiapu-
Hurz mesauxasapunu (3.10) Ba (3.12) popmynanap Ounan aHuK-
JIANl YHH Me3ALKAQp OHWIL Maprasw époamuda monnudarn uoo-
par. TeKHC WAKAHHHT Te3AUK/IAD OHWUA Mapxasu Ba Gypuar Tes-
Jduru Manaym Oyarasaa 6y ycyanad Qoiaananum Kyaaiaup.

Teanuwaap onuil Mapkasuuu aHUKJIALW MYMKHH OYATAH X0Jj4ap-
HY KypHO 4uKamna:

1. Arap »xucm 6upOp CHUPT yCTHAA CHPHNAHMACAaH nymanaca,
UCM OMJIAH CHPT YDHUHUIL HYKTACMHHUHT TE3JMFH HOATa Tenr, Gu-
HOGapuR, OYHAA TE3/NWKAAp OHUH MAPKA3H MUCM OUA3H CHPTHHHT
YpuHuur uygracuaa 6¢aaau (3.7- pacm).

47

www.ziyouz.com kutubxonasi



2. Arap Tekuc waxa uXtuépufi ukku M Ba K HYKTaN1apPHHHHT

Te3AnK/Iapu AyHaiumyn Mabaym Oyaub, ¥, Ba &, Te3JUK BEKTOD-
2apu y3apo napaajen Oyamaca, M Ba K uyyranapia Te3/ux BeK-
TOPAAPUrd YTKA3W/raH NEePReHJUKYASAPAaDEUHT KeCUIIUIT HYKTACH
TEe3/JUKJAED OHWEt Mmapkasu Oyaaau (3.6- pacm).

3. Texuc maka uxtuépuit M Ba K HYKTa/JapUHUHT Te3JHKJa-

pu v, B2 U, y3apo mnapajsen, OMP TOMOHra HyHaAras, MUKAOD+

Japu 3ca Typauua 6yaran xoaaa (6ymna K HyKTa v, raneprneu-
JUKYARP TYFPH umnsukaa érainu, (38 paCM) M Ba K nygranapuu

TYTAWTHPYBYH TYFPH 4USUK GU/IaH 0,, Ba "'x BEKTOpJap yuaapu

OpKaau YTKAsHJATaH TYFPH YMSHUKHUHT KeCUIIUL HYKTACH TE3JIHK-
Jap ouuil Mapkasu ByJamu.
4. Texuc waxa uxTuépuit M Ba K HYKTaNapHHUHT Te3JHKJ3PU

-

bd I1}
vy B2 U, KOJJHMEEAp, TYPAU TOMOHTa HyHa/irad X0JAa Xawm, Tes-
AUKAAD OHUH Mapxasi M Ba K HyKTanapHH TyTaulTHDYBYH TYFDH

uy3uK Ouaan ’UM B4 U, BEKTOPJAp y4Japu OpKanu YTKasu/ira
TYFPH UYMBUKHUHT KeCHIUHW Hyxracuma Oyaanu (3.9- pacwm).

5. Texuc waxa uxtuépuit M Ba K RyKTaJapUHHHD Te3JHK-
Japu Oupop naiitaa Oup ToMOMra fyHaaub, ysapo napajien Ba
MUKLOpJAApH TeHr 6yJca, XKUCM [y OHAA OHHf HArapuiaMa xa-
pakaT gunanu (3.10- pacM); OHME uarapusama XxapakarT NafTHIA
HUCM X2MMa HYKTaJapPUHUHT Te3/JuKJaapu 6up xuj, Oypuak Tes-
Jury HoAra Tesr O0yaca Aa, ymymas Oy HYKTajap TpaexkTopudana-
PH Xap XuJ, Te3JaHHILJAapu TYpJanya, 6ypuak Te3NaHHUIW HOJAAH
(hapxau ﬁyﬂazm

10-macana. Kpupouwun-warys mexanusmu AB maryunnaru A, 8
sa C HYKTaNapHHHT TE3JIHKJAapH XaMAa IuaTyHHuRr Oypuak Tes-
Jaury o = 60°, ¢ =90° 6ysras xo/aaap YuyH avukJancun. Kyfiu-
narunap Gepuaran: oy =2¢"', OA=r=05 u, AC=CB, ¢ = 60°

xa OAB =90° (3.11- pacy, a, 6).
Euumi. 1. Appan ¢ = 60° 6yarad x01ru kypatiaux (3.11-pacm,

3.7- pacu. 3.8- pacu.
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3.9- pacwm. 3.10- pacm.

a). A Hygra O gysraamac YK arpodupa aiinanyBun OA Kpuso-
WUnra Ternwan OyaraHn yuys yHudr te3auru (2.15) dopmyaa
éplaMuja Tonuaanu:

v, = O0A-w,=1 wmfc.
Zﬁ BEKTOPH KDHMBOLIMIIHUHT aBJaHMII Hypajumiura Moc papuin-

Aa OA ra ytxasuarad neprnewZuxyasp Gyfiuna Hynananu.
B noasyu ropusonran Oyiinya KalfiTapMa-u/irapu/aMa xapaxar

-
gKuaanu. Ulynnnr yuyn B HygTa Tesauru v, ropusontanq G6yiuua
fiynaarad. Iopusontan 6yifluua Kaficu ToMoHra xapaG ByHanumiu-
HH TOIHI yuyH AB WATYHHUHT TE31HKAap OHMH Mapkasu P Hu
aHuKAaliMus xamiaa A HygTa Tessuru fyHaapwmra mMoc B HykTa
P arpoduna coar cTpenxacy Gyfinua afiJauHIIMHY XOCHA KHAAMUS.

3.1 1- paey.
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- v
Uy MUKROPHHK (3.12) dopMyaara 6HHOAH aHMKAARMH3: o we
vA

; WYHHHT yuyH

BF BP
==-— 3.ll-pacMm, @ nau; =~ =sec30°=
AP P ap " See3

1
0s30°
BP v,
V=0, — =—— = 1,15 Mfc.
4’ AF  cos30® /
AB watys Gypuak TesquruHn aHuksaw yuys A #Hu P arpo-
duna ainananw aed xapab, (3.10) dopmynanan Goiaananamus:
D
V,=0,,-AP &kn 0 ,, = - AP Hi anugaaw yuyn AB ronuan-

wu kepak: A OAB nau: AB OA tgb0° = 0,866 M- A APB IlaH.
AP = ABtg 60°=1,5 m. Ulynaaii kuaub, 4, = —~—-—0 67 ¢

Tesauwaap ouuit mapkasu, P 6yaran AB maryn C Hygracu-
HRHT Te3ANrK aiAanuIl fywaisumura mMoc pasuuwaa, CP xecmara
nepnesauKyaap Ba yuunr muxaopa (3.10)) ra kypa v =w ,,- CP
TEHIJIMKAAH TONUAAAH, AC——% HM 3bTHGOpra oaub, CP HW
ACP  tyrpu  Oypuyaxkau yabypuakaan  anugaafimus: CP =
= | (AP) +(AC)? = 1,56 m. Ulynnai guaud, v, = 0,67 - 1,56 =

=1,05 L. v(‘ Bextopuudar AB OGuian Tawkua Kuarax oypuard 8
[

uu anugaaw yuyd APC yuGypuakiad §=A/PE HH TOMaMus:
AU
tgl = — = 0,2887; = 16°, -
of =" = 0,2887; ¢

2. OHan ¢ =9)° 6yarau xoara yramus (3.11- pacum, 6), A uyk-
Ta TE3JUr¥ aBBaArd XOALATH CHHTApH TONWAAAM:

vy = 1= 9, 04,

lopusontan 6Vilnua #iynasran B HyKTa TE3NUCUHH AHHKJAALUT
yuyn (3.8) dopmysanau — npoexuns ycyaunas oiinanaHamus:
- __’-
P ga" vp = UP 57 wa,
Ulynra xypa, v,cosv = v ,cosv €kn v, =1,
g || U, Vg = Vs 6yaranu yuyn 6y ouna AB ounit parapuaa-
Ma XapaxaT KuaanH, BunoGapuH, 6y xoama w,, =0, v =1v, =

= U ::1._.

13- §. Texknc maxa HyKTACHHUHT Te3JAaHHIUN

Teopema. Texuc warxa uxmuépuli HYKMACUHUHZ ME3AAHU-
%W Ouian MA3KYp HYKMAHUHZ KYymO
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3.12- pacy.

ampogpuioa airatuumnoazy UYU3UKAL ME3AQHIIUKLKL 2e0Mem-
bux Burunoucun mene.
Hcebom. Texuc waxana gkyrd cudarupa Ttauiasrad O HykTa-

HUHT TE3/MaHWII BEKTODH W, MA3Kyp IUAKAHM KyTO aTpoduaarm
afiianma Xapaxartuaary Gypuaxk TE3JHK BEKTOpu w, Oypuak Tes-

AaHuIl BexTOopu & Gyacud (3.12- pacm), ®Papas Kuaailauk, Texuc
WaKAHMHT KYTG aTpoduAaa OHMil aillaHma Xapakary Te3JaHyBuaH
6yacun. Texuc waxa uxTuépui M HYKTaCHHMHT TE3AaHHW BEK-

TOpH Wy Hu 8rUKAaAMu3. (3.4) AaH MaABAY MKH,

-

— — —_—
Vw= Uy T+ o X TI'mo,

Oynna rmo— M wyxrapunr O KyT16ra Huc6aTaH pasnyc-BEKTODH.
by udoapanas BakT Oyfinua XoCHJId ONAMU3:

—

n?" e, d,,, —- dr_”a
— = — X I'po- o X - 3.13)
i dt at o dt (
d-i_).“ — {l:"o — d(:' —
3.13}) na —— = wy, —- = Wo, — = & Ba
(3.13) 1 M T o T
drye =
o Ymo = X MO
demak,
— s d —
Wy =zu,,—,-s)\r“‘,+ w o Umoe (3.14)

{2.21) Ba (2.22) udonanapra yxwatu {3.14) naru —e’x'_r.MO “-=‘ZEI.1;10—-
M wygragudr O gyT6 drpod)nﬂd aitnana 6y17ma6 XapaKatuaard

~

ypuHMa- afsanMa Te3JddHHIWKUAY, 0 X Ump = &'wo aca M HYKTAHUHD
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O KyTt6ra uuc6aTaH HOpMaA—MapKasra HHTHAMA Te3JaHHIIUHY udo-
Aanaian. By Gearunawsapra xypa (3.14) xyhnnaru xypuupmia
€3aunanu:

-— -

Uy = Wo +.;f':ua +-‘~:'."Mo- (3.15)

Bynna whwo + @who— wmo — M uygranuur O xyt6 arpoduaa
alJaHHIIMAATH YH3UKAHM Te3JaHuwuAan ubopar. lllyunmai guauo,

-

Wpm=Wo -+ Wno (3.16)
JaH TeopeMaHuHr MCO0TH Kesaub 4YuKaan,
(3.15) dopmynara Gunoan unamana M nykrana wp, Wao Ba

Wio BEKTOPAAPUHHM Kyiub, reOMeTpUK KYUICAK, Wy BEKTOPH XO-
can 6ynann; wy gywwumaa xocun Oyaraw MALN kynbypuax
me3aanumaap Kynbypuazn ne6 aranamu (3.12- pacm, M nygra-
HuHr O atpoduaa ainaHuIUM Te3aHyBUaH GYAraH XOJ yuyH KYyp-
caTuIraH).

M nyxrauuur O Kyt6 arpopujpa aiaHHIMAArd ypuUHMA B&
HOpMaJl Te3JaHUILIaD MHKAOPJAPDUHH dHHKJAAMu3:

. - - — .
Wno = | Wito| =|e X rmo| =:2-ry, sin90° =c-OM,
Who = | Wil =I‘”><—'5MOI= ©:0,,8in90° = 0 . 0 - OM = o¥-OM.

Llynnait gkuaub,
wWwo=¢t-OM, wyo= w?. OM., (3.17)

- —_
Wp0 BA Wrp Y3aPO NEPNGHAUKYAAP GYAraHUd yUyH

@Wyo =V (Wio)* + (@ito)* =OM V'&¥ + ot (3.18)

-~
wpo BeKTOPHUHT MO Gunad TaWKUA KHITaH i Oypward

“uo! = arclg ‘:‘ (3.19)
@hio ®

p = arctg

dopMyanau TOmMAALH,

(3.15) éxu (3.16) Qopmyna Guaan mexuc uLGxa HYKMACUHUNZ
ME3AAHUWN KL aHUKAAW YHE KYymMO ycyau Ouraqn mondu feRd-
JamH.

Texuc makana gkyté ne6 ONMHALWMTAH HYKTAHMHT Te3JaHMILK
Xam1a XUCMHHUHT OHHIl O6ypyak Te3Jaurd Ba Oypuak Te3/aHHIIH
6epunub, wy WAKA UXTHEPUA M HyKTACH TE3NAHMWHHHHT MUK-
10pY BAa MYHAMUMWHHYA aHUKJAWAA Oy Te3/]aHUIl BeKTOPHHMHT y3a-
PO TepneHAMKYAAp 6§araH “KKUTa §.7 yKAADAATH APOeKUUsaapd
OpKaJad TONHI KYyJAaiaup.
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T

ByHuHr yuyHs (3. 17 )(popmleaJlapra KYPa @jro, Wyo TONWNG,
pacmaa M HyKrana wo, Wio, Wio fiynanrrupunann Ba (3.15)

dopumyara Gunoan Wy HuHr §, M YKAAPAATH NPOCKUUANAPH @y,
W g, TONUABLH:

- "
W, = (Wo)y + (Wep)F (Waro),

Wy, = (Wy), + 1'w§|«o),‘ + (@Wpo)n

Y xonja TessaHHIl MUKIOPH

w, =V i + winy (3.20)

dopmynanau, AyHaauwu sca w, HuHC § 7 YgAap OMAGH TALIKWL
KuJaras Oypuak KOCHHYC/IapH OpKaJu aHWKAaHajpu:

cos(u, B = =2, cos(@n, W) = 2 (3.21)

& Wy

Babsan texuc miaka Gypuak TE3AAHUIUM HOMABLAYM Oyaus,
BHUKJAHKIIK KepaK 6yArad HyKTa Te3JAHUMHHUHT AyHAMWILIH Mab-
aym 6yaand; 6y xoana (3.15) dgopmynanu MO iyuandiuura npo-
eKkuuanat, wyo KaTHALIMAAAKIAH, W, T4 HucOaTaH TeHr/jama Xo-
CUJT KHJHII MyMKHH.

Arap TeanaHuiid TOUMJAMINM KepaK Gyarad M Hyyra TexHC
makara tTerumJan 6yauiuu Onaan GUPra UKKHHUYM TOMOHAAH K§3-
raaMmac O, vk atpoduja ailiauyByM KACMra xam Terdmau Gy.Jaca,
(3.15) dopmyaa

v g - e g
Who,+ Wro,= o+ Wuo+ Wiho (3.22)

Kypuuuwa é3uaand. bynaa (3.22) na xardamiyBud XaMMa BEK-
TODA2pRURC HYRanUWAapy MabayM, JIeKHH BEKTOpJaplaH RKKuTa-
CHHHHT MHKAODH HOMADBJAYyM OyaumM MmyMmiuH. ¥ xoada (3.22)
HPOLa MKKUTA TYDAMYA HYHAAMIITA TNPOEKIHAAAHUIIUAAH XOCKHA
6y.nanurad TeHraamaJjap OpKaJay HOM@b/AyM MUKAODPJAAD TOMUIdLU.

—

Wy HU 3Ca

=1/ (@%0)* + (@iro0,)? (3.23)

GhopMyaanaH TONMHIL MYMKHH,

{1- macana. 10- macanana OA xpuBownn Gypuax Te3AUCU y3-
rapMac ne6 oauHub, ¢ = 60° Ba ¢ = 90° G6yarad xoanap yuyH,
A, B, C wdygranaphuur Tessanuwjapy xamaa AB mMATYHHUHT
Oypuak Te3AaHpiiHn TOMHJICHH.

Eduur. 10- Macananad MabAyMKH ©p= 2c'1, OCA=0,5M, AB=
= 0,866 M, AC = 0,433 wm.
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1. Asgan ¢ =60° 6ja-

2aH X0Axu Kypaiank, OyH-
"

na OAB = 90°, w,, =

=0,67 ¢~'(3.13- pacu).

A HykTa g¥y3raamac O
YK arpoduna anaanysuv
OA xpupowmunra Teruuay
Oyaraun yuyH, YHUHI Te3s-

e ., 7
JAHUIIY WA=W 3+ W a(oPp-
MyJnajnaH arMKJaasanu. bu-
poK, ,=const; Ounoba-

3.13- pacu - pur, ¢ =0 Ba wi=0,
w" = ws- OA = 2u/c? 11lyn-

naii Kuin, w, =wy; w, =2/mc’. w, sextop HAyHaruwu 3.13-
pacmia KypCaTHJTaH.

AB texuc napaasea xapakar xuaaau. A uyxrasu xyt6 1e6
oncak, (3.15) dopmynara Kypa B ByKra Te3/laHulWu yuyH

— —- —

no . -
wu=wA* Wpga ' Wgy (1)
BEKTOP TEHIJIaMaHK &3uu MYMKKH.

-
(1) udonanarn w’,‘m HUHT MMKAopuHd (3.17) ra acocaH aHuKAaii-
MU3:

wh, = wy - AB =0,39 m/c.

w,, Bektopu AB Gy#naé B nyxranan ailianuul Mapkasw A To-

MOH HyHaJraH.
AB wartyHHuHr 6ypuak Te3NaHulId HOMabaAyM OyaraHu yuymn

(3.17) dopmy/aa Ouaan Wpa HW AHMKAAR OAMaiAMH3. B HYKTaHUHT
A atpodmaa aisauumuHu  TesjanyBuan 1e6 dapas kuaub, AB
HuHr P aTpodmaa aidsanumura Mocsaab, AB ra nepneHAHKyaap

paBHIIAA 'y, HM AYHAITHpPAMH3,
[lynunraex, B HykTaHuur ropusontas Oyfuua wujarapujaama
xapaKkaTHHY Te3nanypuan neb (apas Kuaub, @z HU HyKTA Te3Ju-

ru Gyiaad dyHaaTupamus.
(1) un BA Bywanmwra npoexunanad, ¥ ra wuc6aran Tewr.aa-

Ma XOCHJ KWJAaMH3:
0 __ .y
w5 c0s30 =W,
Eyunan

W p HUIODACHHUHT MycOaT 4MKWM B HYKTAHWHF UJrapu/aaMa xa-

PaKaTH Te3/IAHYBUYAH 3KAHJAUTHMHU TaCAUKJIal M.
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(1) vu AB ra nepnesaukyasp Oysaran iy-
pajnuira npoexuusnad, wga ydyH TeHrJaama
XOCHJ KHAAMH3;

@ ,c0850° = w , + WA

By udonanan:
Waa = W ,c0860° —w, = — 1,78 m/c*

Wha HUHT MHHYC MIIOPa 6uJaaH unkyumu B nyx-

rauuur A aTpoduia afiiaHumK CeKUHAAHYBUYAH 31.4- pacm,
3KAHAUTUHY KYpcaranu.
(3.17) dopmyaara kypa
®hp a5 o
[ == — () C .
A8 aB !
Arap wxtuépuit B, HykTasaH Y3 fAfsasuminapura Moc pasuil-

- — —_
Ja Terpmapua MacwiTab Oyfiuua ONMHTAH Wa, Wha BA Wza BeEK-

TOPJAPHH KEeTMa-KeT Ky#ud, OXMpPru BeKTOp yuuHu B, Gujau Ty-

—

TAWITUPCAK, Wp Ia MOC BeKTOp xeaub uugasu (3.14- pacm).
Onay C HyKTa Te3JaHWIIMHY aHHKJAmra yramus. A Hy KyT0

neb oacax, (3.13) ra acocan:
We=Wa+ Wa - Wlar (2)
(2) 128 Wia=owiz-AC=0,19 m/c?, |wia = [e,5]- AC=0,89 m/c

Oyaub, wia— AC 6yina6 C nas A ra Tomon, @(a 3ca AC Kec-
Mara nepneniukyasp fynaiaran (pacmaa C wunr A arpoduna aii-
JARNILN CEeKUHJAHYBUYAHAUTM Xucolra oJuHran).

C HyKTa Te3NAHULUMHUHT XaMm MUKJIODH, XaMm fAyHanumu HoO-
mabaym. Llywunr yuyn ysapo nepnenanxynsp Cé, Cv yxaap
0446, (2) HH WY YKJ3apra npcexunsiaiMus:

Wee=w, — wea = 1,11 M/c?,
w,., = w4 =019 u/c’,
(3.20) ra acocan w, Tonuaanu:

w,= |} wee + weq = 1,13 m/ct

-
(3.21) épnamuna w¢ AyHAAMLWIKHY AHUKAABMUI:

- u‘t. . . ~—~ °
cos(we, §)=—=0,982, (w., &) = 11°
'lZJC
cos(z—e)‘(,, —'/:; ~ 20 = 0,168, (1’0).( -:,) = 79°,
W,
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2. dnan ¢=90° Oyaran
X0iHM Kypamus. A HyKTa
Te3AAHHILHHUAT MHKAOPH aB-
Bajaru xoajgaruaexk Oyaaay,
fiynaauuu AO Gyfinab i1y-
Haarad, ¢ =90° na w,, =

apu. Ulynunr yuyn (1) ¢op-

Mynana why=0 6yau6, y
Kyhiunaruya é3unagu:

-

Wy = wA + wm' (3)

3.15- pacu,

(3) na wB BEKTODH TOPH30H-
_—)
Tan 6yiinua, @y, 3ca AB ra yTKaswiran nepneHauKyasp Oyiinua
Aynanrad (3 15-paCM).
(3) Oyinua w Ba 'w“ BeKTOpJAapra KypHJIraH napamenor-

paMM nMaroHanu wh 6yauwu kepak, Ulyunaft xuant, 'wﬂ BEKTO-

PH U, BEKTOpra Kapama-kapuu fAywancannurduy kypamus, 6y B
HYKTa XapakaTH Kypuaaétrad maitna ceKHHAaHyBuaH OYAUILHHH

6unAMpa LY.
Wy MUKAOPUHH BED Tyrpn Gypuaxau y4OypYaKHUHT KaTeTH

cudaTuia aHugAAAMU3: (3==B’ED=-O/B\A 6ypuakun AOB yudyp-
YaKJaH TOMHLI MYMKHH:

. 0A _ o
sinf = B 0,577; 8~ 35°.
Y xoana BED yubypuakian:

— °_. oo o A 2
wy=w,tg35° =14 o T e 2,44 m/cA

AB matyn 6ypuak Te3AaHHIIHMHH aHUKAANMN3:

®aA 2
AR —E =2,82 c .

L

w,,=0 6yarann yuyu (2) dopumysa Kyiunaruda €sunanu:
;;'1' = 72; -+ u.”;rm
6YH,218 w“-—aw AC = 1,22 m/c?.
w,\ Ba @ i BeKTOpJapra Kypuaraw napaanenorpammuunr CF

ANarowany wc BH ndonanatau. Kocunycaap teopemacuias Qoi-
nanancak, CFL yuyGypuaxjan Ky#maarn xochi Oyaanm:

— 1 ¢ T \E . B Cy ; le2?
We = | w4+ (@) — 2w, - @, cos 32"~ 1,22 m[c
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3.16- pacw. P BRI T T, el

@, = W, kemu6 uuxkauu yuyn CFL yuOypuax TeHr EHIMAHD,

nemax, 1=235°. ¥V xoanza w, Bexropu AB Guaan 55° — 35°= 20°

Oypuag TaIUKW/J 3TalnH.

12- macana. 3.16- pacmpa TaCBHpJIaHFHH TYPT IIapHUPJH MeXxa-
uamaa OA kpuBowMn o, =2 ¢~ ' Gypuak Tesauk Ba ¢ =1 ¢~
6ypuak Tesnauuw Ounad O mapuup atpoduia aikiananu. Mexa-
HM3MHUHT @ = 45°, B = 60°, v1==150° 6yarau xonatnana A Ba B
HYKTAJapHUHT Te3JNHK1apH, Tesdanuiaapu xamuna AB sa BC 3se-
HOMapHUHT OypuaK Te3nuxJapu, 6YpuyaKk Te3NaHHIUJIADH aHUKJAH-
cun. OA=1wm, AB=2 m, BC =1,41 M, OC — Ky3araamac.

Eunmi. A uykra O atpoduia aiinasa 6yym36 XapakaTaaHraHu
Y4YH YHUHC Te3/UrH Ba Te3AaHHUIM KYHHAArnda aHUKAAHAAH:

vy=uw,.04=2 M To:‘_]_OA.

-»

- ->
_ T . — w2 — =g —_ 2
w,=w]+w; wi=0 - 0A=4m/c’, =t 0A=1 m/c&

=/ @+ (w)* ~4,12 M/c}, p,=arclg —— = 14,
5
~> -~ —_ )
Uy, Wh WY HyHanumaapu 3.16- pacmpua xypearuaras.

B HyKTa xaM Tekuc napajies Xapakatiard AB sBeHora, xam
K)‘/sva.nMaL C yxg arpodmna afivanysuu BC sBenora Terniau; wyH-

ra kypa vy, | BC 6yaub, vB HUHT Kalfick TOMOHra HyHaaAradJaurud

AB uuwr Tesﬂnmap ouuit Mapkasu P arpoduna apsanuum Hyna-
adwnra 6oraux (3.16- pacm).

U, MuKAopunu (3.12) ¢opmyaara GHHOAH TONaMu3:
vy BP BP
—_—— == EKH 'U = - ’UA
v AP AP
ABP yubypuyakaa PAB = 30°. ABP <= APB =75% pemak, AP=
57
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=AB=2 M, BP=V (AB)? + (AP)*—2A4B - AP cos 30°~1,04 m.
Wynnait xkuan6, v, = ﬁ'oAzl,OéI iy
C

AB uuur P atpodpuna, BC wubr C atpoduaa aiaanum Gyp-
YaK TEe3NUK/JIADHHM AHUKJIAAMH3:

Uy -1 YUp 1
W= e = e e =g :

w = 0= —=0,74 ¢~

OHAn B HykTa Te3naHHIIMHU aHUKJaWra yramus, B uyxta C
HyKTa aTtpoduaa afiana 6Y#nad XapakaTJaHTaHH YuyH:

Wy = Whe + Wy ()

©po MABAYM, &,,. HOMAbAYM OFaranvaau (1) naru w}. Hu aBsaJ-
Nav aHUKAAIM MYMKWH, JIEKMH Wp~ HU X03HUpYa Tonub OysamManiau.
Wynnar yuyH B HyKTaHWUHT TeKuC napannen xapakariarn AB ra

Teruumin Oyaranunad doisanaHamus. A HygraHu KyTtd nAeb6 oa-
cak, (3.15) ra 6uHOaH:
— - -» >
=] 4w} + wi, + w},. (2)
(1) Ba (2) nau
—> - - -> - e d ’:
Whe + Whe = Wi+ @ + @}, + W], @)

teHrJaama xocua 6yaamu. (3) teHrsama (3.22) kypuuumuparu

TeHT1aMa up.
(3) Tenrnamana KartHaulyByd Gapya BeKTOpJAdAp HYyHAJHIIAADH-
> -

HU KYpcaTuwl MyMKHH; Oynaa wh,. BAa ®y, KU H@YHAATHPALWIAA
B nykrauuur C Ba A arpopuna aiivaduuwiu te3naHyBuaH neb ¢a-
pas xuaunamu. (3) na:
‘12)}’30:-—- “)‘290 - BC =077 m/c’, w'éA = (oAB AB =2 M/QZ,
w" =4 m/c}, @i =1 m/c? 6Ymmun anuy,
Wy, Ba Wy, uu auugaam yuyd (3) wu BA sa BC iiynasuwaap-

ra npoekuusaaiamusz (BA Ba BC iynannuaap oauuranna 6up Ho-
MabJyMJaM TEHrJIaMadap XOoCHJa Oyaanu):

Whe COs 75° 4w} cos 15° = wf cos 30° + w7 cos 60° + wih,, (4)
W} = wl cos 76° — wj cos 15° — w}, cos 75° 4~ w,, cos 15°, ()

+4) TEHTNAMALAH Wy~ HY, (D) KAH W}, uH TOmAMU3:

n 20 T o n " o
wy cos 30° + w) cos60° + wgy + whc0s75 -
w, = — A A 8 = 6,00 M/C%,
b cos 15°

' n ] A1 o n o
Whe~ — w, c0s 75° + w} cos 18° 4w, cos 75
wy, — TR = A it L ~ 1,26 wc?.

-
ob
www.ziyouz.com kutubxonasi




(1) ra xypa w, MUKAODY Ba HYHAAMWH KYHUAATHYA TONMJIALH:

w, = ‘x"(w;c)h}- (®}.) = 6,40 wic?,

Cay o
Pg == a\rctgI bl = arctg 8,247 =~ 83°.
7hc
Auan AB Ba BC 3Benonap Gypuax Te3/JaHUIUNAPUHU AHHK/IAII
MYMKHH:

. Wha -2 Whe , -2
'AB’E 20,63 c , EBC=_E=4’5 Cc .
€ am Ege HMHF MycOaT mopanu Gyaumu tokopuaa AC Ba BC
Huar, Moc pasuwaa A sa C aTpoduia ainaHUILMHY Te3Janys-
yan e6 0/iraHUMU3HUHT YPUHAMU 3KAHUHH KypcaTalu.
Uxtuépuit B, nykranan 6owaad (3.17- pacMm), Teruuiinya Macuw-

-— - b - -

- T n A " B T
14612 KeTMa-KeT Wy, BA W}j. BEKTOPJADUHH EKU Wj,, Wi, w5,
Ba w" BekTOpaapuHu Kyiu6 B LE Tesnamuwaap yubypuaruum
ékn BKNDE Tte3naunwaap kynGypyaruHu Kypcak, yJaapaaru

B,E ToMOH W, #¥ uPonanrafiau. By Gunan xucobaauinapHuyr TyF-
PUANTHHN TeKwupud KYpulli MYMKHH,

14-§. TesaaHuwap oHMii Mapkasu Ba yHiaH olinaranus
TEKHC IIaKA HYKTACHHUHT Te3NaHUUIMHM aHHKAALL

Texdc WAKJI y4yH TE3IUKJIAPHHHT OHHA Mapkasura yxuWaumr,
MEKUC WAKA MeKucAuioa émysin 8a Oup OHOa me3AaHuwY
HOAZQ meHz Oyazan HYKmMa masxycyo; OVHOQI HYKMQ ME3AAHLUL-
AQp OHUL Mapra3u deiluaadu.

Texuc wakana onunran 6upop O HYKTAHHHT Te3JaHHIl Bek-

->
Topu w, (3.18~pacM) xamaa TeKHC WAKAHWHT Oypuak Te3qury o

3.17- pacm, 3.18- pacu,
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Ba Oypuak Te3sauuliu & Oepuaran; Kytd atpopujaru ailnauma
XapaxKaTHd Te€3/JaHYyBYaH A€HauK. &', BEKTOPHH aiijaHMa Xapakar-

HUHT fiyHaauwn Oyfivua a = arctg i_ Oypuakka 6ypn6, OL HypHu

yrkasamu3. Bynna fga= i‘ > 0 6yaranu yuyn 0° << a < 90°. Xo-

cun Kuaunran Hypaa O Hygranaw Gowaab yayanysuu
W

0Q = ——— 3.24
= (3.24)

KecMmanu Gearwsaimk., O Hygrawu Ky16 ne6 onu6, Q HYKTaHHuT
Te3JaHull BeKTopuHu tonamus. (3.16) d¢opmynara acocan:

By =, + Dy (3.25)

(3.18) ra kypa Q nygranur O xyT16 atpoduna afinanMa xapaxa-
TUJACH Te3/JAHULHHUHT MOJYJH

Woo = 1/ (Weo)* + (Who)* = 0Q j'e* + ot

dopMyaa 6uaan anukaadand. (3.24) mydocaGatnu 3pTHGOpPra 0116,
CYHITH (OpMyJaanan

wO _—
Wyo— 0 /e‘—}—m“:wo
V e+t

UpOAaHY XOCHI KUJIAMH3. W, BEKTOPUHUHT 0Q xecMa 64aaH XO-
cual kuarau Gypuaruum p Recax, (3.19) ra 6unoas a=p keaud
YHKAAH. W], Bemop Q nygramau O mapkasra Kapal [fiyna/ras;
on BEKTOD 3Ca w o Ouaan p(p«<90°) 6ypuak TaWKWJA KUJAAIM.

Hemax, Q nyxrara xyu4upuiraH zz,) Ba m’oo BeKTOpJaap Gup TYFPH
YH3NKAA KapaMa-KapLid TOMOHra HyHainTaH BEKTOpJap KaH:

- -
Woo = — W,

Y xoana (3.25) mam gyhumarura 3puiiaMus: 'wQ=0. Hemak, Q
HYKTa Te3NaHUILIAD OHMA Mapkasu Oyaanu. Ulywnpah kuanb, Te3-
Jdanuuaap onuit Mapkasu O gyTtOman yTkasuiran Ba w, Te3Ja-
40N OusaH Oypuak Te3sNaHHIl HYHAAMLIKWIA MOC PABMIIAA OJUH-
rax a=arctcr—!— 6ypuak TAWIKUA 3ITyBuUd TYFpH uusdkia (3.24)
TeurJauK Gyﬁuqa aguKMaHyBus Mmacodana éranu.

OHIM Me3NAHUWAAD OHUIL MAPKASUKIL KYMO de6 oaub, me-
kue waka uxmuépuit M sa K nygmaaapunune wy oxdazy mes-
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AQHUUAAPUHIE — QHUKAQEANK {3.19~

pacm). ¥ xouana ;t."q =0 Oyaraun yuys

(3.16) man
";’).u = T_Q;MQ‘ wK’ Wi (8.26)

xocua 6yaub, 6y HygTaaap TeslaHuui-
JapuHUHT Moayaarapu (3.18) ra acocau

Wy =Wy, = QMy &+ ms‘]

— | (3.27
W, = wko=(‘)[{l/gl+ w‘j (3.27) 3.19- pacm.

TEHTAHKAAP OMaaH anugaanand., (3.26) naH KypaMU3KU, mMeEKUC
WAKA UXMUEPUL HYKMACURUKZ ME3AARUMUKL  MEe3AAHIULALD
OHUIL MAPKRA3UGAH Ymysiu YK ampoPuoa QUAAHYBHIL HCUCM
HYKMACURUHE ME3AARUMY KAOL AHUKAGUL MYMKUH IKAR.
(3.27) mynocabaraapaan Kyhuaaru Buc6aTra pUHILHIL MYMKWH:

W QM

= . (3.28)
W QK

Wyunat guaus, merxuc waxa HYKmMaiapu Me3AGHUUAQPUHUHE
Kuimamaapun saxmuune xap Oup naimuda wy HYKMarapIa
me3aanuAap oMLl maprasuzata 6yazan macogparapea npos
nopyuonas 0yAa0u, Me3AAHUUL BEKMOPAADL MAIKYD HYKMAAAP-
HIL ME3AARUULAAY ORI MAPKAZULA MYMAUMLPYELL KEecMarap

buran Oup xua o= arctg -2 Oyprax mawrkus guradw. Arap Gy
.y

Oypuyak Tesnanuul BEKTOPUJAH Ma3Kyp Kecmara xapa® yJadyada-
auran 6yaca, yHuHr mycbat HyHagqumIM TEKHUC maKa 6ypyak Tes-

JAAHUIINH & HUuT AYHAAMINMra MOC Kedajd, d9bHH aiJaHMa xapa-
KaT TesNaHypuaH OyJca, « HuHF Mycbar AYHAAMIM ailJasma xa-
pakar Hynaaumy Oyfivua, XapakaTHUHT CEKWHJaHYBUAH XOJAMlIa &
Oypuakuuur myc6ar fyHaJHIIM Xapakar dyHandiiura teckapu 6y-
JI3JIH.

ysn Tabkuaaam KepaKky, TEKUC Napajjes Xapakatigaruy Te-
KUAC LIAKA Te3NUKJAD OHMA MapKasu OWA4H Te3AaHMIIAAD OBUH
MapKas®k YMyMaH TYpPJHM HyKTanaapianp. Dynu TyFpu uu3ukiau usna
CUPNAAMACAAH NyMaAOBYM, CHMMETDUS MADKA3HHUHT TE3AUTH ¥3-
rapMac Gy/raH QuCK MHUCOAMAA AKKOJM KYPHIN MYMKHH: [AHCK OH-
JaH U3HWHT YPHHUUI HYKTacH Te3JIHK/AaD OHHH MAapKasH, JHCK
MAPKa3u 3ca TesJaHumaap OHMi Mapkasu GyJjand.

Ky#inparu xycycuii x0/AJMapHH KypadiuK.

1) ©#0, e =0 Gfacun (3.20-pacw). Bynna fge = = =0 ba

a=0 6yan6, texuc waxa 6apua uHYKTATAPUHUHT Te3/JaHULJIADK
Te3NaHUIAap OHUH Mapkasura fynanaran 6yaaiu. Bepuaran HyK-
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3.20- pacm. 3.21- pacM.

TaNaH Te3nranvll/Iap OHWit Mapkasuraua Gyaran Macoda asca (3.24)
ra 6uHOaH

MQ="%

dopMyaafaH TomuaanM.
2) =0, e-~0. byHnaii xon ojataa a#fnanma XapaKaTHWUHT
fiynaauwv yarapuwy naiituaa coaup Oyaaau (3.21- pacm). Bynna

Igz=—=o00 Ba a=90°
wd

Oyanb, Texuc wak.a 6apua HyKTaJaPUHHUHT Te3JAHUUIIADU YJAapHU
Te3JIaHNWIaD OHMA MapKa3n OuJjad TyTaWTHPYyBYM Kecmajapra
nepneHayukyasp iydanaau. Iemak, onuit Mapkas Q HH TOOMW

yayH Teanauuwu GepunaraH M uyKTanan @, Te3JaHUW BEKTOpH-
ra Teruaud AyHaA MW aa (¢ HUHC HWopacura Kapal) nepueHiuKy-
a9p Hyp uukapuf, 6y Hypaa

M= —

macoda axpaTuaaim.
3) Texuc maxs HKKU HYKTACH Te3NaHUUIJADUHUHT MOAYAJADU
Ba HynaavWIapH 6epHJlFaH Macanaﬂ M Ba K HyKTasapHHHT

TE3JMAHUUI BEKTOPAAPH m“ Ba w Mabpay™m Oyacud (3.22- pacu)
M nyxranu Kyr6 ae6 oaub, (3. 16) ra acocau

et

» -w,,-{-u,“

ne6 éauin Mymiud. Husmana w,, BeKTOPHH XOCH/A KHJIAHJHK.

- —
Bynunr yuyn K uygraaa anaronaam @, Ba Oup TOMOHM W, 6¥J-
rag napamenorpaMM acafimus. Mamymxu 6y napaanenorpamm-

HUHT w“, ToMonH MK kecma Ouaad a= arclg— 6ypuak  XOCHJI

KHIMILK Kepak. Dy GypuakduHr w,, BexTopaan MK kecmara ai-
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J.422-pacwm. 3,23 pacw.

AAHUI AYHAJMILH € BEKTOPHUHT {iyHaqHWHun Oearunab Gepaan

—_
€ BEKTOPHUWHT HyHaIuuIWHK OWAraH xoaaa OepuJaras/iapra acocad
Te3JaHUILIAD OHWE MapKasu Q HYKTaHM dHMKJAIl KUHAKH 3Mac.

-— -— —
Uynouuu, w, Ba w, BeKTOP/]ApHH & BEKTOPHUHI HyHaaulWura
MOC HyHaavaa Tonuaran a 6ypuakka Oypuimigad XOCHA KHJIWH-
raH HypJapHUHT KeCHIUraH HYKTacH Te3JaHum1ap OHUH Mapkasn
Q Gynaau.

Arap GepujraH Te3JaHHII BEKTODJApH @, Ba W, Yy3apo na-

panxen, MK 1w, Ba w, + W, 6yaca (3.23- pacm), (3.28) MyHO-
cabar xaMaa TeKuC IakJ Hy<Tanapu Te3JaHUlIIapH Wy HYKTa-
JapHH Te3JNAHUIJIAD OHMI Mapkasy OuJaH TyTalTHPYBYM KeCua-
aap 6uian 6up XWa 6ypuax TAlUKKA KUIMILJApuaad poiinananuo,

TE3JaHUWAGD OHHME MapKasM TONWAAAM. @, BEKTOp yguuu M,
w, Bektop yuuuu K, Aecak, AMQM, nurr AKQK, ra yxwamw-
Juruaaasg ¢oiaananud, Q HYKTAHU aHuK-
aaimuz. MK sa MK, xecmanap naBoM-
JIADHHUHT KeCHINTaH HYKTacH H3JaHraH
Te3JaHUUAp OHHH MapkasuHu udona-
Jqafinu.

13- macana. OA kpuBowHn wy=
=2 ¢~ '6ypuak Tesquk Ba g, = 2,3 ¢
Oypuax teanauuwn 6uaan O yx arpo-
duna apnanub, panuycu r=0,2 M 6ya-
ran 1- Funaupakun R =0,3 M panuyca
Kysra/amac 2-AuCK yCTWjaa CUDPNaHTHP
Ma#t nymansaraaun (3.24- pacm). Mexa
HU3MHHUHT pacMAa KYpCATHATAH X0Ja-
tina (OA L AB) runjnupakHUHC Te3na-
HUiLJ18p OHHA MAapKasd Ba YHAAH iO#-

Jaaaiub B HYKTa Te3JaHUUIY TOMUACHH.
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Euum. 1- FUAAMPAKHUHT TE3/aHULLIAD OHME MapKa3HHH aHHK-
Jall YYYH YHAATH GHDOD HYKTAHWHT TE3JaHHUIMHY Ba FUJAAUDAK-
HUHT OypYaK Te3qjurd o, xamaa Oyp4aK Te3JaHuINHd &, HM TOMMUI
kepak. lllynra kypa, asBan ruaavpak A HYKTACHHHUHT Te3/aHH=
IWMHHKY aduxaafimus. A uyxra OA kpuBowunra xam teruiad 0y.-

ramn yuyn w,=w"--w,. Bynna Wl= 0} - OA=02(R+71)=

=2 M/c%, wy=c OA=115 27 w, = (@wh)i+ (w})' =

0 .
=~2.31 m/c2.
@k, 0%, Ba , i 3.24- ¥pca-
wj}, @3 Ba W, BekTOpJap #ymaawmaapu 3.24- pacmna xipca

THATaH. @, BeKTOPHuHr AO CunaH Tamkua Kuaras ( Oypuaruxu
aHUKIaNMU3:

W',
p.=arctg — =arctg 0,575 = 30°,
-4"“
w'A
Funaupakuuur Oypuaxk Te3JHIMHHM AHUKJAM YYYH YHU Te3JHKJap
onnit mapxasu P arpoduna aitananu ne6 xapaimus:

v, A0
U =GP T Ap e ey
052 -
(1) nan o, =—5 =5 ¢! xocua GYyaanm.
U,

,<

Fusmupakuuur Gypuak rtessanuiunpd anuxJaaw yuys (1) nam
Ba¥T Oyiinua xocusaa xucofaaiiMus:

do, AOdoy . AO

KH -
dt AP dt AP

By Tenrankaad ¢, =575 ¢’ keanb 4ukaiu.
Auau (3.24) ¢opmyaara GuHoaH A HYKTalaH Te3naHHILIAD
ouuit Mapkasu Q rava Gyaran mMacodanu aHHUKJIANMU3:

. o
(‘Q: ———A %0,09 M,
«.\: + :;1‘,’
AQ xecma @, BekTOpHHM &, HYHaaumura MOC paBHUIAA
A P L By
e
a = arctg —‘,, = arctg 0,23 = 13°
w
1

6ypuakka Gypuiigan xocua 6yarag AL HypAa ONMHHIIK KepaK,
B nygra tesnanuuuHuHr Mugnopuud (3.28) ¢opmynaara GuHO-
aH TOmaMmus:

‘W, . (2)

BQ xecmann ABQ yubypuakian (oiifanaHnG aHUKIOAMUS;
6ynna BAQ=(90°+ p) —a=107°. ¥ xoana:
BQ=V (AQ)*+ (AB)*— 2. AQ - AB - cos 107° = 0,24 m,
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BunoGapuu, (2) aan w, = 6,16 "— Kennl auKain, W BeKTOPHUHT

piynasamy BQ vy B aTpodupa coaT cTpenkacH xapakaru Oyiiuua
a= 13" 6ypuaxkka Oypull OuJaH aHUKAAHAAM (YYHKH FUAAUDAKHUHHT
afi/IaHHILY COAT CTPeAKaCu aiifaniiliura Teckapu).

ABQ yubypuakna IA/BQ=6 Jecak, CHHyCJap Teopemacura Ky
in 8 =2 sin 107° &xu 6 =21°
pa s B0 .

Jevak, w, BexTopd AB Guaau § —a= 8% 6ypuak TawKua
9TaIH.

IV 606. KUCMHUHT CHEPUK XAPAKATH

15-§. Jiinep Oypuaxaapu. KuCMHUHT KY3FaaMac HYKTa
aTtpocduary aillanma XapakaTd TEHraamalnapd

Xaparkam oasomuda ocucmrunez Oup HYKmMacy Ky3Faarail
Koaasepca, 6ynoal xaparxam KY3Faamac HyKma ampoduoazi
aiiranma xapakam éxu cgepur xapaxam deitunradu. By xapa-
KatHu chepux meduauwura cabab xucMHuHr 6apya  HyKTaaapit
MapKas/apu Ky3raamac HyxTajga 6y.araH, paanycJaapH 3ca Iy Byk-
TanapAaH Kysraamac uygraraua oOyaras macodanapra Tenr 6\.a-
ran cdepanrap 6yf#aad xapaxar KHAALH.

Cepux XapawaT KUAyBYH IKHCMHUHT KY3FanMac HYKTAacHHM
Ky3raamac Oxyz KOOPAMHATAJAAD CUCTeMAcHHMHT Gomiu cudatuna
Kaby/a KHJAUO, KMUCMHUAHT Y6y cucTeMmara HuC6aTaH Xapakartuuu
TekwnpamMus. Bynunr yuyn 6own Oxyz xoopauHaTtalap CH. tema-
CHEMHT Golinna 6y.aran xamia »XHCM GUaaH OOfNaHTaH Ky3ragays-
uyn O%G Koopaunaranap cucteMacHud xupurtamus (4.1- pacu). Pas-
[IaHKW, arap Kys3ralyBuH CHCTeMaHU KY3Fa/aMac CHCTeMara Hucha-
TaH XapakaTd 3HUKJAAHCA, XUCMHHHI XaMm Ky3FaaMmac cucremara
HUCOATaH XapakaTu aHukaanrau Oyaasu. Xaxugaias, chepux xa-
pakaToarn #KUCM HXTUEDHH HYK-
TaCUHUHT KY3FaJNyBYaH KOOPAHHA-
Taszap CHCTeMacuiaru KOOpAuHaTa-
Jaapu %, m Ba { Oyacun. DBy xo-
OpAMHATANMAD XKHUCM XapakaTH JAa-
BOMHUAA KY3FaayBuM cucTtemara
uucGaran yarapmafiau. Kysranys-
YaH CHCTeMa Xap Oup YKHHHUHT
Ky3raaMmac cucteMara Huc6aTad
XdpakaTu ymuHr Oy cucrema VK-
AapuH OWAAH XOCHJM KWJAraH yuTta
OypUaruHUHT BaKT (PYHKLHUACH CH-
tbatnna Oepuanwy 6unan  TYAUK
auugaananu. bunoGapus, Oivl cuc-
Temanuur Oxyz cucrTemara Huc-
Garan xapakatd TYKKu3ra Oyp-
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YaKHWHT Oepuauun OM/IaH TYJAMK aHHKJaHand. Arap Maskyp TyK-
KH3Ta 6ypuax Oepuarad 6yuaca, M Hykranuur Oxyz cuCTemanaru
XapakaTH OPTOroHa/J KOOPAMHATANIap CHUCTeMAaCHHH a/MalITHPUII
<opmynacura acocad

X=2Zcosa, -+ ncosa,+ L cosa,,
y=EcosB; +ncosP, 4 LcosB,,
z=£c0S 7Y, + 1C0s 7, -+ LCOS T3

TEHrJamantap opxaau tonuaanu. By epaa §, %, { ¥Jxaapuunr Ox
YK Ouja TalIKu/1 KUJrad GypudxJiapu z,, Oy Gunan X0CHJ K-

FaH Oypuak/Japu 8, Oz 6uan xocua xuiran Gypuaxaapu Y, op-
Kaau ([ =1,3) Oearuaanran. By Tykkusra Oypuak Kyiujard
OATH MyHOCabar OujaH OOFNaHTaHAup:

cos®a; - cos?B, <4~ cos?y, =1,

cos®a, - cos? By -+ cos® 7, =1,

cos?ag - cos? B, 4 cos®y, =1

COsa; - Cos oy - cos B, - cos By +cosq, - cosq, =0,

CoS @, - €OS a3 -} cos B, - cos By + cos 7, « cos 75 =0,

COS @, + COS @y -+ €os B, - cos By 4 cos 7, - cos ¥ =0.

4.1

Jlewmak, Ky3raJyBuaH CHCTEMaHHHT KYy3raimac cucremara nuc6a-
TaH Xapaxkaruuu Oup-Oupura GOpnuHK OY.Maran yura OYpPUaKHUHT
y3rapuul KOHYHUHK Oepuil OUJaH TYAHK aHUKAAI MYMKHH 3Kad.
Koaran oatura Oypuak aca (4.1) MynocaGatiaplaH aHuKJ/aHALH,
Iy HykTau wasaplaH c@epux xapakam KUAYELU HCUCMHUHE
Iprunaux dapaxcacu ydea mexz nefunanu. Jlexuu gapanaérran
TYKKU3Ta OypuakaaH yuTacuHH Ouaran xosna xoJaran 6 Tacuuu
(4.1) Mynocabartziapian aHuKaawW Mypakka6 wacasa. Macasqanu
OCOHJaWTHPUI yuyH 6y yura Oup-Oupura Gorjuk 6yamarad 6yp-
4aK yu4yH KOOpAuHaTanap
yKJapu opacunary Oypuax-
JApAdaH yuTaCuHHU oamad.
Dilfep TOMOHUAAH TaBCUA
sruaran  Oomka Oypuyak-
Japhd OJHIL  KYyJaiaup.
Diinep Oypuaxaapu #ed
araaysyu Oy Oypuakaap
OpKaJu KOpHIA afdTHAraH
TYKKU3Ta OYPUYAKHU OCOH-
JuK  Ouaan  udonanam
mymkud. Kysranysun £07
Texucauk Oujal Kysraamac
x0y TEeKUCAWUK KeCHIraH
uyusukny OL opkasnu Ges-
ruaaitaug  (4.2- pacm), 6y
YUSHK MY2YHAQP 4YUSLFL
4.2- pacwm. Jeiunaasu.
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ditniep Gypuaknapu Kyhunaruda oaunamm: 1) (Ox—,—\OL)=qa,

2) (Oz, 0))=0, 3) (OL, O:)=1; ,— npeyeccus O6ypiazu, 9§ —
Hymayus 6ypiazi, : — cod auranuu Oypiazu pennaand.
direp O6ypUaAKAADH TeKUCAUKAAPUTA TETHININYA HEPUEHIAUKYASD
6yaran Oz, OL, O7 ykaapuunr yuunad xaparamsa ¢, 8, ¢ Gyp-
yakaapuuHr Moc pasuiaa Ox, Oz, OL yxaapian Gowaab y3ra-
pDHIIH €OAT CTPeJKAaCH aiJIaHUIIMIrd TecKapu KypMHAQuraH [yHa-
Jaulr myc6at #ynaiuw geb oaunand. 2KWCMHUHT XapakaTd naBce
MHIa y OuJaH OOFJaHrad KysraJyBUM CHCTEMA XaM XapakaT Ku-
au6, 4, 8, ¢ Oypuakaap BaktT QyHKuUUACH cudaTraad ysrapaiu:

':’ =‘TJ (I)l
=06 (1), (4.2)
¢ =0 (f). |

(4.2) mernzaamarap rHcucmuunz cepux xapaxamuy meHZAAMA-
aapt deiiuradi.

Kyaranmac HyKTara sra OyJaraH XUCMHUHC Yexk/IH BaKT HUMla
Kyurauaan keduaru xosatn Oirl KoopaunaTtaiap cucreMacu OH-
Jau aHvugJaadcuu; GoulnanFuy na#dtaa 6y Ky3raqyBUM KOOpAUHATA-
nap cucremacu Kysraamac Oxyz cucrema OusiaH YCTMa-yCT Tyul-
rad 6yacun (4.3-pacM). Oiv{ cuCTemanuHr OOIIAAHFMY nafiTRaH
KeAWHTH X0saTra YTHIIMHK Kyfinaaruua 6axapuml MyMkuH: Ol
cuetemann Oz yx atpeduaa coat CTpeskacy afilaHMIINTa TeCKaph
fiynaanwaa o 6ypuyaxka afinantupcaxk, y OLL,z xonaatuu araanafi-
an; xefine OLL.z nn OL yx atpodmaa 6 6ypuaxkka xypcaTuaran
fiyHanuw 6yiuua avnantupu6 OLL,E xosnaTra yTKkasaMu3 Ba HU-
x09aT, OLL,L nu O Sk aTpoduia o Gypuakka KypCaTHAraH Hyua-
avw 6yfiuua Oypuak, y Os:vl xoanatra yraau. Jlemak, xammux
HCUCMHUHZ KY3FAAMAC RYKma ampodudazu uxmuépull kyduu-
Hu (31eMeHmap XApaKamuru) wy kKy3Faimac HYKmMaoan ymys-
yu yama: Oz, OL, O% ygaap ampoguoa kemuma-wem yima aii-
Aanmupnw Guran Casxca-

puls MYMKUH SKAH, 6y Ii- bg 2
zep meopemacury udona- ¥
JAanau.

Kysraaysun  cucrema
yKJaapu O6uJaan KysFaamac
CHCTEMA YKJapH opacuiaru
O6ypuaknapuu Diep Oyp-
waKJaapH opkaau udoaanaut
Y4YH, cpepUK TPUr OHOMET=
pudAlaH 06ab3U MabAYMOT-
JIAPHU KeJTHPaMu3.

Panuycu 6upra Temr
6ysran cdepana OABC yu
éxan O6ypuak OuaaH ax-
panyBun chepuk ABC yu-
Oypuak onaitnuk (4.4-pacm). 4.3- pacu.
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By yu6ypuakHuur Gypuakaapu «, 3, %, 10-
MOHJIADHHHHT Y3YHJHK/ApU 3Ca a, & Ba ¢
O6yacun, Cdhepaunnr pasuycu Gupra TeHT
6yaraun yuyn BOC, AOC Ba AUB texuc
Oypuaksap Moc paBuwmiga a, b Ba ¢ ra
TeHr Oynanu. Chepux yuOypuakduur «, J,
1 Oypuakaapu Ouaam a, b, ¢ TOMOHJIAPYU
YyUyH

cosa=cosb -cosc—+sind- sinccosa,\
cosb =cosc-cosa—+sinc-sinacosy, i

4.4- pacu. COSC==COsa - cos b 4 sinasin b cos

(4.3)

MyHocabariap Ypunau 6y.au6, 6y dopmynaanap coepurx y4byruax
MOMOHAAPU Y4YH KOCUHYCAQpP meopemacn Kehnaany.

Suau Oivf Ba Oxyz KOOPAMHATAAAD CUCTEMANapU YKJ/IapH opa-
cujaru 6ypuaxkJaapHu JiJjiep G6GypuakaapH OpKaau uqaoganamun
kypauus. Oxyz cucrema yxaapu Gupauk Bexrtophapuuu £, j, &
ounan, O cucrtema yKaapu Gupauk BekTopaapuHu U, j° Ba &
OvaaH, TYTYH/Jap YH3UFHHUHT GUPAUK BeKTOPUHH 7 Gusian Geard-
aAaknnk (4.5- pacm). Tyrynaap uumanrunudr Onpauk chepana ax-
patran cepux yuOypuarupan (4.3) ra acocany Ky#upars XOCHJ[
6yaanu:

A
cos (¢, i)=cosa, = Ccos$cos ¢ + sin P sin o cos(z — ) =
= C0s P cOs ¢ — sin ¢ sin ¢ cos 6.

-_ > -3
HapbGarnaru — j, n Ba i’ BektopiapHuHr OUpJAHK chepana ax-

z

4.5 pacu.
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4.6- pacwu.

patran cdepuk yubypuaruiad (4.6- pacm) Kyhugarura sra Gyaa-
MH3!

€os (i7, A /'.) =(0S P, =cos ¢ - COS (i‘ —';/) + sineg - sin(% — @)cosf) =
= €0s ¢ sin Y - sin ¢ cos ¢ cos 0.

0% yguunr Oz yK Guiad XOCWJ KuaraH |, Oypyaruuu Ifgaep

Oypuakaapu opgaau udoaasaw yuye i, # Ba k BEKTOPJAPHUHP
O6upaux chepasa axparrai cpepuk yubypyarudd TeKWHPAMU3
(4.7- pacm), By yuGypuak yuyu (4.3) mynocadarHd Ky.naal, KyHu-
Aarn HPOLAHU XOCHJA KUAAMHU3:

N .

cos (i, k)=cos7; =cosov - COS —2.— +sin ¢ - sin -;- cos (i — 6) =

= sin o sinf,

4.,7- pacum.
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Wynaal guaubd, gysranysum cucrema OF yKuHUMT K§3Faimac
cucrema Ox, Oy, Oz yK/aapn GHIaH XOCHA KHAraH OGypuaK/apH
Kocunycaapuiu diinep Oypuakaapn opKaau uhopa sTauk. By ep-
Aa WyHH KAl KUJHII Kepakku, KalcH yKJaap opacupary Gypuak
usjandé€rrad Oyaca, my YKAEp Ba TYTYHAAp YU3UFH GUPJAUK Bek-
TopsapuHu Gupauk chepaia xocua xuaran cdepux yubypuaru
ONMHALW; U1y yubypuakka (4.3) dopMmysa Tanbuy KuJIWEMO, H3aa-
Haétran Oypuak OuJan Dinep Gypuaksapd OpacHAarn MyHocaar
ypuatuaapu. lly xouwnara aman xuan6 On Ba Of ygaapaHuHD
Ox, Oy, Oz yxaap 6uaaH XOCW/I KHJATaH GypPYaKJAADHHUHT KOCH-
Hycaapu xam Jiiep 6ypuax/apu OPKaAH AaHUK/AAHUIIM MYMKHH.
Yaapuu 0OKOpHAA XOCHA KHJIWHFAH MyHocabaraap OusaH Oupra-
agkaa €3amus:

cos &, == cos Y cos ¢ — sin ¢ sin ¢ cos 0,
cos §; =cosesiny + sinecos¢$cos0,
cos 1y =sin¢ - sinf,

CoS a4y = — cosYsine —sind cosocosf,
cos 3y =cosYcos ¢ cosh —sindsing,
cos 7, =sinfcos g,

Cos ay = sin ¢ sin B,
cos B3 = —cos¥sin b,

COS 15 = cos §.

16-§ Iinep — JanambGep Teopemacu. Onuil 6ypuak Te3auK
Ba OHMHA Oypuak Te3JIaHHLI BEKTOpPAAPH

Teopema. Kysraamac Hyxkma ampoguoa ailianys4uw HcucH-
RUHe Oup X0AAMOGK UKKUKYL XO0AGMIA YMUWUKL WY HYyKma-
dan ymye4u Gupop yx ampoudx Oup absarmupuus OuAAH
OAUUL MYMKUH,

Ucher. KucuHunr xapakaru jgasomuna o, ¢, 8 disep 6ypuak-
napu yarapu6 Gopaau. Diilep TeopeMacura Kypa IKUCMHUHI df
oaemMenTap BaykT opaauruaaru cdepux xapaxkatn 0OF, Oz Ba OL
ygJaap arpoduia terumau pasuwaa do, db sa df Oypuaxaapra
afijaguinaapaan rawkda tonran (4.8- pacu).

AsBano wucmuunr O: sa Oz ykaap arpoduaarun ahjnauMma xa-
pakaT/napuHUHI AMFHHAMCH KaHAAl XapaxkarHu OepHINHHU TEKIUH-
padauk, Kucmuunr (Oz Tekucauxkia €TyBYH OHPOP HYKTACHHUHT
XapaKaTHHU TeKIupaMu3d. AHUKAAK yuyH Oy HygTauu {Oz Gypuak
coxacuaa onafiaux. Tannaanran nygra OF Vg arpoduna do 6yp-
yakka Oypuaranjga y £0z rexkucaukka THK O6yJaran HyHaaumaa

d.
Katraauru h, 'Zil;: ¢ Ta TeHr Oyarad Te3auK oaaad, OyHia
h, — uykranudar OF ygKnaH y3oKAMTH. AMHM nafiTaa Maskyp HyKTa
. - dl S
Oz yx atpoduna afinanud, xarranuru A, Z't-=/1._,'{». AyHAJAKIIKW 3CA
h, o TeasMKKa KapaMa-Kapwu Ofyarad TesJuK ogaau; Oywaa /i, —
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W

a4

48- pacu.

agykranuur Oz Yxaan ysoxauru. duau Oz TEKHMC/HK/A uryHmaft
B HykTa TOmMII MYMKHMHKH, 6y HyKTa y4yH

hyo = hy (4.4)

ypunau 69aub6, yHUHT Teaanru HoJra TeHr 6ysaaan. Arap Of Ba
Oz ykaap arpoduparu ainanma xapaxatjapaad OupopracH uu3-
Mana Kypcatuaradra sucbarad Teckapu fiynanumiaa Oynaca, OyHs-
nAain Hykta £0z GypuakHMHr Tawkd coxacuaa Oyaaau. Jewax,
JKHCM Xapakaty NaBOMMIA YHUHT Ky3raavac () HYKTacuiaH Taul-
Kapu Te3nuru aitud naiTaa Hoara T1edr OvJaraH B myKTacHu wmas-
*yA. Bunodapun, yHuur wy nafitaary Xxapakatueu Oy HyKTaaap-
naH yryBun OB ¥ arpodunaru aisanma xapakar Aeluw MyM-
KuH, duan kucMmuudr OB Ba OL yxaap aTpo buuaiu afinanma xa-
pakataapuun texuvpamus. lOkopusaru kabu MyJaoxasanap OpH-
THG, 6y Xapakataap xam Kywuand xannaipaup OP yx atpounary
aiiauMa xapaxaTHu Gepuwunu Kypamus. LUynnad xuan®, acucu-
HuHZ aliny nadmdazu, yema yi ampodudazn XaparKamiHu
VHUHKZ KY3Faamac wygmacucan ymysyu OP yx ampoguoazu ail-
AQHMQ Xapakam Ceb xapaw Mymrur, By Yxka adsranuu ORUA
Yxu neiunany. OP ykna €TyBuu 6apua HYKTaJapHWUHT afiHM madT-
Jnarg Tesnuxkaapu voara teur Oyaaau. 2Kucm afinn Bagrtaa 6upop
OHUH VK arpoduna alimanMa XapakaT KHJCE, BAKTHHHI Ke/rycu
nafiTupa Gupop Gouka oHuil YK arpoduaa xapakat kusaad. [Hyu-
oAl KWUJHO, HUCMHUHE KY3FaAmac Hykma ampoguoazi XapaKa-
Muny wy Hykmaoaw ymyetu OHU@ Yxaap ampogpuoazi Kemma-
xem snemenmap QAUAGHMA XAPAKAMAAPHUANRZ GUFUHOUCUOAH 160-
pam 0eb oauul MYMKUH.

HKucMuuHEr 6Mpop OHAArH ANAAHWUIMHUBT JKAAaJJWrd aBBaa-

-
zaru Kabu 6ypuak Te3JuK BEKTOpM o OuaaH udopananasu. By
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BEKTOD afilaHull OHWH yxu Oyisaad fynasran 6yaub, papLiaHKky,
BAKT yTHUIM GWJIAH Y3 KaTTaaurd Ba HYHAJIMIUMHK y3raprtupn6 6o-
panv, yura ownull gypuarx mesaurx gexmopu pefinaanu. HOxopnaa
KYPAMKKH, XKHUCMHUHI GHPOp OHAAru OHHUEl YK aTpodupard xapa-
xatd acauna yuta: OF, Oz Ba OL ygaap artpoduparu aitnaHMma
XapaKaTjapununr Anfunawcusan nbopart. LWyura xypa

0=0, 4o+ u (4.5)

69aann ((4.5) HOPMYJaHUHT YPUHAM GYANIINHU KATTHK X HUCMHUHE
KecullyBuy ygJap atpoduparu aiiianMa XapakaTaAapuByn KywHil-

— -

HU ypraunmpaa — 27-§ na kypamus). by epna :.:O, @y, w, ~— MOC

pasuwaa xucMuunr OC, Oz Ba OL yxaap arpodunaru adhaanma
Xapakataapu GypHaK Te3JMKJapH BEKTODJapuAup. Y.aap TeruuaH
pasumina OC, Oz Ba OL yxaap Gvina6 #ynasran. YwOy napar-

- -
paduunr 6OwMAa KeATHPUJAraH MyJ0Xasanapra acocan o, -+ o+

— —_
+ o, duruHinaan wGopar G6YAraH © BEKTOp adNaHUW OHUll YKH

6unad yctMa-yCeT TYWHIMHHH KYPCATHIN MyMKuH. Xakukarad, (4.4)
ra acocaH B HyKTa yuyH

(@, % OB) = — (w, X OB)
éxu
‘°'¢+(”;«) X OB=0
ypuuau. Bynna (o, + E¢) + 0 pa OB+ 0 6§arann yuyn w, 4w,

pexTop OB BekTOp Guian GUp TYFPH uM3MKAA &TAAU Jeran Xy-
Joca wyukaau, XyAAd wyHra yxiuamw, arap afiJaHdm oHufl yKuaa
6upop D nyKTa oacax, aHAu Oy HYKTa yuyH:

éxu
(0,4 0,4 0) X OD =0
ugonanu €sa onamus.
(0, + ) Loy, 0+ 0,4 w40 sa OD 0 Gyarann yuyn (Zol—‘—
+<;:,+39) Bextop OD BeKkTOp Ou/aH GHp UM3HKIA ETALH, ABHH

© BEKTOD afiJaHuu ouuil yKu 6y#aad Aynanand.

Onnit 6ypuax Teasuknn diaep 6ypuaknapu OpKaju ndoaanai-
Mu3. AsBano Oy uminn gysraamac Ox, Oy, Oz yxaapra BucoaTan
Gaxapamus, (4.5) TenraukHY wy yKaapra npceKUHAaa0

0 o= u)“ -+ lz)w <+ LIS
(l)“ = wmy _!— ‘D',"Jy + wﬁv' (4 6)
U" = w?‘ + unq‘z f wa‘
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4.10- pacu.

MYHOCa0aTadpHy XOCH/A KuJaaMu3. 4.9- pacMra wmypowaaT Kuaaii-
Jaunk. Yunarn OK ul3uk — gyaraamac Oxyz Ba KysraayBuu Oinl
cucremanapnaru Oz sa Of ygnap opkaim yrkasuarad épaamuu
Q rexucang dunad X0y TekHCAUKRuur wecumrau u3urd. OK 4u-
sukauar Oy yg GWIdH XOCHJa KuJarad Oypuard ¢ ra Tedr.

®,, HA TOMMWI y4yH aBBanO0 w, Bexropuunr OK ykaaru npo-
eKUHACHHHE aHuKaaiMus, ¥ w - cos (90° —0) Gynanu. Cyurpa, xo-
cun 6yaran Oy nbponauudar OX yKAard npoexuuscu TOMUAALU.,
WyHnas xuauo,

0, = ®,C08 (90° — 6) cos (90° — ¢) =w_-sinb -siny (4.7)

ndoaara spulamMus. w, HH TONMW yuyH o, cos(9)° —0) nma Oy
VKKa npoeKuuaaafiMmus:

w .= —0_Cos (90° —90) - cos b = — -+ sin §.cos¢y (4.8)

. hasd -
Gynann. o, HH 3@ w_BEKTOPHH Oz ygka 6eBoCHTa NpOeKILMaIa0
TOMHLI MyMKHH:

4 =, cos i, (4.9)
Pacmaan GEBOCHTA w,,, W, .\ ®, w, , ® o o  KaTTAIHKIAD XaM
TOMUIAAHN:

m;l = (DU COSLP, (Ddy = mu sin 4)7 mu¢= O; (4‘10)
0, =0, 0, =0, o, =0, (4.11)

[lynunraex,
w =7 w=0 0 =4 (4.12)
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1A TuHM bTHOOPra oanb, (4.7) —(4.11) dopmyaanapuu (4.6)
rd KYy*<MW3:

w, = ¢sinfising + 0 cos, i
o, = —@sin@cos(};—#esinq), i (4.13)

wz=gpcose—|—lp.

(4.13) ra 3Jiaeprune kuHemamur menzaAamaAlpa AeHNNALN.

-

© GypuaK Tes/HK BEKTOPHHUHT KY3raqyBuM YKJAApLard NpOeK-
UMANGPUHU TONHW XaM IIYHra yxwam ycyJs 6unad OGakapusaany.
ABBano (4.5) mynocabaTaapHu KY3FalyBu yKJapra 0poexuusaas,

yumoy
0 =uw 4 ®,

[}
‘PE 1 "ubg_ 1 1]

o, =0, + o0, +o, (4.14}
0, =0, + o5 + W,

kypunurnina €3ud onaidauk. Cyurpa Q Ttexucauxkuu £0v TeKHCAHK
6uJaH KeCHIWryHya 1asoM 3TTHpamMu3 (4.9-pacm). Yaapuuur ke-
cumrae uyusnruun ON Ouaan Geardaainuk, ¥ xoaga 7nON 6yp-
yak ¢ Oypuakka Tenr Gy.aad. DHAW pacMmiaH oiinananul, Kyiu-
fard MyHoca0aTaapHH XOCHJ KHJMILL MYMKHH:

. =0, 0, = 0, w, = W (4.15)
g == g COS ¢, W5, = — W, SIN @, 0, =0; (4.16)
o, =w,sinbsing, w, =o,sinfcosy, v, =0,co0s0. (4.17)

(4.2) un waszapna tyTtu6, (4.15) —(4.17) uconpanapnu (4.14) ra
K{inG, Kyhnaaruaapra ara 6yaamus:

y |
w. =6cose¢sinfsing, |

(4.18)

o, =—6sine + ¢sinfcos sz,

e e

m1=<{;+q5cose.

(4.13) éku (4.18) dopmynanapra xypa Gypuax TE3JHK MOLYJIHHH
Kyirjaruya aHugaam MyMKUH:

— 7 w1 wt = /S 2 2 2 _
w= ) wx}—m’—|—u)3 Vv wi—}—m"—]—m;_

Bypuak Tesauk BekTOpuHUHT fiYHAJUIIMHK HYHAATHPYBUH KOCH-
HYCJaD OPKaJad TOMHII MyMKHH.

Copepur xaparamoazu xeucm OYpiar MeE3AQHUWL  6eKmopit
mywyrLacurne Kupurawaa Jiaep — Janambep Teopemacuian ¢oi-
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panaiamMus. By Teopemara acocad
XHCMHUHI Xap OHAATM XapaxKaTHHH
oHuil yK atpoduaa aftnanma xapakar
Ae6 oMl MyMkHH Oyaradd YyuyH,
YHUHT 1Y OHAATW OypuaK Te3aaH u il
BeKTODH Ky3raJamac yx atpopuna ait-
JABYBYM KUCM OypHaK TEe3NAHULUHH
aHuKJaaW GopMyaact CHHrapu
— dom

dt

dopmyaa 6uran udorananaad. bu-

-

4.10- pacu.

pok cdepuk xapakaria o Ba e
BeKTOpJAAp YyMYyMaH oJrasja KoJaaMHeap BexTopJap Gyamaiiu.
XaguKaTaH, KUCMHUHIT OWpOp £ maitaard 6ypuax Te3/IUK BEKTODH

— —

o, {4+ Af nagitnarn Gypuak Te31uk BeKTopH o, Gyjacuu (4.10-
pacM). ¥ X0.18 XHUCMHHHT Af BaxT OpaJMFHAArd ypraua Oypuak
Te3/JaHHII BEKTODPHU

— — —»
. wy —w _ Ao
e At At

MyHocabaTaad anumKJaHaAH. Af HH HOAra UHTHATHPUAG, Oy MyHO-

cabaTaan JMUMHT OJCaK, & OHUD Oypeax ME3AQHUU BEKMOLU-
HiL X0Cual KW1aMus, 0y BeKTOD OHUil Oypuax mMe3Aui eexmopu

YauHune 1 me3auuny ugodaral, yhune 20002paguea ypuuma

pasuwoa iynasadu Ba yMyman oJranna, o Ouaad KOJIHHEap
Gyamaiian. Bypuak Te3naHWIl BeKTOPUHMHT GOMIN MHUCMHHHL Ky3-
FasMac HykKTacua o/suHaid. KUCMHUHT KY3Faamac HYKT4CHIaH

yTul, 6ypuak Te3/NaHWLI BEKTOPH & OWJAAH YCTMA-YCT TYWYBHYH
TYFpU 4u3uK, Oypuarx mesranuu Yk pepunanu, yuu OFE Guaau
Gesnruaaitavk. Bypuak Tesnanumr BeKTOPHHUHT XaM KY3Fa/iMac B
Ky3ranyBuu KOOpAMHATA YKAGPUAATH TDPOEKUMAIAPDHHH AHUKJAW

-

-
MyMKAH. Byuuur yuys e=§—;°=u BeKTOp HBOLAHH KJ3raamac
€KH Ky3FaqyBud YKJapra npoekuusial

E,=0, 8 =0, 6, =0 BAE=0,e=0,8=0, (4.20)
MyHocabaTaap XOCHA KMauHaau. By udonranapra Terduan paBuii-

na (4.13) Ba (4.18) dopmynanapuu xym.na6,: BEKTODHUHI TpPOeKs=
1uagapuHu ditiep Gypuax/apd opKajad €3WIL MyMKHH.

AfaHuin oHud Vku Oyfinua AyHanras o, OUPJAUK BeKTOPHH
—- -
KHPUTCAK, @ =0 . @y UPOAa YpUHIH OFaaiu. Y X0.a4a:
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E=__=__.%+m..’;7=;',+;; (4.21)

. = do = .
xocua 6yaank; 6yHAa s,=;t- w, OHU{l OYPUAK TEe3JWTH MHKHO-

->
-

dw o
PHHHHI Y3rApUUINHH, =0 .—— sca ouui 6ypuaK Te3AUrH

AyHanuIIMHUHT Y3rapumuay ndoranaiau. & BekTOp oy Gyiinva,

€. 302 wy [a MNEPNEHAMKYJAIp HyHaNrawu yuyHd Ky#duaardra sra
6ynamus:

17-§. CepBr Xapakariard KUCM HYKTaCHHWHL Te3JUIH

Ditnep — HanamGep Teopemacura acocan cepux xapakargaru
HucM uxTHépuii M HyKTacMHMHT Te3Aury Kysraamac yK atpodu-
Jla ai/MaHYBYH XKUCM HYKTACMHUHT Te3/iuTH Kadu

— - -

dbopmyaa Guaan avugaanagu; 6yunia r 6uaan wucm M mygTacu-
HMHT KY¥3FaaMac HyxTara HucGaiam paauyc-pexropu OearusaHran
(4.11- pacm). Te3nuKHUHI MOLYJU 3Ca

v=orsina=w-f, (4.23)

Gynanu. Bynaa h, opxaam M mygTajan afnanuil OHuH yKuraua
6yaran macoda Gearu/aHraH.

Arap o Ba r BeKTOPJAPHUHI KY3FaiMac Bad KYy3FaayB4u yKaap-
Jarvi IPOeKLUHMANAPUHH TETUUIIHAE 0y, Wy, 9035 o, ©,, w. BA X, ¥, 2; §,
7, necak, U TeannK BEKTOPHHHHI KY3FaaMac Ba KY3Faaysun ygaap-
Jaru NpoeKiuuanNapd, MOC paBdwAa, Kyhungaruda Oysanu:

V= 0,2— 0y, U,=wX— 02 U=0y—ox; (424)

v

' cw U= wkb—o -5 v, = e — m,‘E. (4.25)

3

=unnol—-ruc

By udopanapnaru o, w, o, Ba @, ©, o
xatraavknapuunr Ypuura (4.13) Ba (4.18)
nporanapan  KYHuO, UuBUKAN TE3AUKHHHT
npoexuusaapuuu dfjep Gypuakjapu OpKaiu
AHUKAAU MYMKHH.

ARnanuiy OHME ykuna €TyBuM HYKTaJap
yuyH v,=9,=7,=0 xamad ¢, = =0U,=
= (0 6ynanu. (4.24) Ba (4.25) udonanapra
Oynu sbrudopra onub, Ky3ra/aMac Ba Kysra-
JYBYH KOODAWHATA cucTeMasapura HUCGaTaH
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attaHudil OHMA YKMHHHT KYHKWAArd TEH[/IAMaJAapHHH XOCHJA KHJa~

MUua3:
w2 —w,y=0,
o,x—0z=0 | exn T=L=Z (4.26)

oy—ox=0,

u)n(’, — =0,

wi—wi=0, | &xn —=lL =L, (4.27)
. - (DE (,1)1_1 m:

W — u)‘E =0,

By epaa x, y, z— ailianniy OHUA YKH HYKTANaPUHUHT KY3Fa/Mmac
Oxyz cuctemajnard KoopauwHartaaapu; &, 7, ( — ailnanum onuit yxu
HyKTaIapuHUHr Ky3raaysun O:nl cacTemajnars KOOpAMHATANAPH.

18-§. Chepuk xapaxkaTiard XMCM HYKTACHHHHI Te3JaHHWH

Cdepuk xapakaraaru xucMm 6upop M HYKTaCHHMHr Te3.aHH-
wunu anugnaw yuyn (4.22) vdomaman Bagr Oyiinua OupuHum
TaprTuban X0CHJIa OJaMu3:

W= = — (0 X F)=—— XTI+ 0oX—
 —ale XN =T XrtoexX—r.
- - d—b — — —
Gynna 2 =¢, —dti=v=u>>< 6yIraHn yuyH
— - - - -
w=eXr+oXwv (4.28)
€xu

D= X1 +oX(0X1) (4.29)

(4.28) éxu (4.29) udonanapaan xypamusku, cfepur xaparamoaq-
U HCUCH HYKMACUHILAZ ME3AAHUULL 8eKMOPY HUKKUTA TAWKHUJ
— >

3TYBUMAAH WOOPAT IKaH, = X 7 TAWKHA ITYBYH QAAAHMA MeE3NQ-
HuuL sexmopu nedunainu. ¥YHu wahs opka/qm Gejruaaimus. o X
éKn io’>< (JX}’) TAIUKWJA 3TYBYH 3Ca JHKQ UHMRAMA ME3AARWIUL
sexmopu nedusaanu, yHu W™ Gunan Gelruaaimus.
DA =K B = 0% D=0 X (@ X 7). (4.30)
Bexrtop kymatirma Tavpudura kfypa (4.30) nan yydmparg Xxo-
cua 6yaanu:

-— - - — . —_— -
| w3 | =@ai=c . rsin(e, r}), QW | =" =0 . vsin(o, V).

4,12- pacwaa kypcaruaras OML yudypuaxaa rsin(e, r}j=
77
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=ML=h,, (o, v)=90° Gyrnmu-
HA xamaa (4.23) Hm 3bTHOODra
oJICaK, auJaHMa Ba WHTHJAMA Te3-
JAHULWIAAD MHKAOP/AAPUHH AHUK-
JOBYM Ky#uparu GdopmyaajnapHd
XO0CHUJ KUJIAMU3:

@it —¢ . By, wiem = w?.h,. (4.31)

-

wais — afiaHMa Te3JaHull BeK-
TODH € Ba 7 OPKAaJH YTKA3uJAraH
4.12- pacwm. TEKHCJAMKKA NepneHaukyasp Hy-

HaJACaH XaMAd YHUHF MycOar yuu-
— —
JaH Kaparasnaa e BeKTODHHUHT r ra Kapa® BSHT KHuuk Oypuaxka
Oypu/avIIKM COAT CTpPe/KaCH aiJaHMLINra TecKapH KYpHHULIM Ke-
pak.

— i —_—
WU — JKKA UHTH/IMA TE3JAaHUII BEKTOPH XaM o, XadM U BeK-
TOpJapra nepneHaukyasap 6y.auo, ynm—xr mycoat yquﬂaﬂ Kaparas-

aa M Hygrara QUKpaH KYUHDUATAH © BEKTODHHHT v BekTOpra
Kapal 3HT KHyuk OypuakKa OYypu/aMIUM COaT CTPe]KacH aiaauu-

IIMra TeCKapH KYpUHHLIHA Kepak; Oy fyHaaum MN fyunaauuira
MOC KeJajiu.
(4.30) ra Ounoan (4.29) gyduparuua €sujanu:

W@ = 0ot | gginm, (4.32)

(4.32) dopmyana Pusassc meopemacury ndonanainu: cpepur
Xapaxamoazi sHcucM HYKMACUHUKHE ME3AAHUUL QRLAHMA 84
VEKQ URMUAMG ME3AAHUWAAPHINZ 2e0MEeMPUK  LUFUHOUCLA
mene.

— . -
w4 GujaH W™ BekTOpJapu opacuiary OypuyakHH & Jecak,
KOCHHYC/ap TeopeMacura HuHOAH

w = V,‘vwag,;)‘l + (.wumn)ﬂ + annA . QWUHM . cOoS @ (433)

dopmyaa xocua Gyaapu. Dyuara (4.31) uu xyicak, Kyiuaarn xe-
JAUO YHKaIK:

w=‘/hée’—{—hé cot 42k, - hy e w?Cosa

Codepux xapaxkatnarm uCM HXTHEPHH HYKTACHHWUHT Te3JaHHII
BEKTODH YuyH Xocua Kuaunran (4.28) éxu (4.29) ndona KypuHui
KUXATHAAH KY3raaMmac YK atpoduaa aifaadysuy AUCM HXTHEpHI
HYKTACH Te3JaHuIl BEKTOPHHUHT udonacu 6unan Oup XHI KYpH-
Huwaa €suica-ga, @, Ba w, BeKTOpJaap, Moc pasumpaa w?“! Ba
:n_;uh:m

Aau ¢apg kuragu. Arap Kysraimac YK atpoduparu xapa-
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- -
Karjga o Ba € BeKTOpJap ¥3apo KoJdaudeap 6yJaca, chepux xapa-
KE]TB.& 6y BEKTOPJap yMYMHH X0&ga KoaJauHeap sMac. UyHoHuu,

w,_l_w 6y11ca w’*“'/w’“‘”’ Ky3raaimac YK atpopmaa afinanma

XapaxaTaa o Ba W, BEKTOPJapu Oup uusug 6yinald iynanca, che-

— -
PUK XapakaTna v pa w?** 6up uusukAa érMmaiau; Kyaraamac yg
artpopuna aisauMa xapaxkatna hg =h, =h Oyaanu.

Dran M HyKTa @ Te3naHHIl BEKTODUHHUHT aBBAA KY3raaMac,
cysarpa Kysraaysuym CHCTeMasaplard npoexuusaJapuH¥ XOCHJA KH-
_— > — —

JIAMH3. r, @, ¢ Ba U BeKTOPJAPHUHT KY3FAIM4C BA KY3FaayBUH CHC-
TeMa YKJapHAard NpPOEeKLMAJapUHH aBBaJruieK GearuaaiimMus. Y
xoana (4.28) nan

W, =¢€,2—¢,y + 0,0, — 0,7,

W, =5, X—egZ+0u, —0 'vz'

W, = e,y —ey X w Uy — 0T,

Ba

LY
»
—_— -_— g, —
gf—el + 0y —wy,

W, =el—e +o0v, —0v
< ,‘C LIS e <

1
W =g — s"E T U, — 0T,

6Ynann éxu (4.24), (4.25) napuu bru6opra oand, xyiunarua ¢ope
MyJlafiapHU XOCHJ Knnamua.
W, =8y 2 — &) + 0, (X0, + Yo - 20,) — 07,
Wy = €, — &, 2 + 0y (X0, + Yo, +20,) — Yo, (4.34)
W, =2,y —¢,X% + o, (x0, + Yo, +2w,) — 20"
Ba
W, = er‘: —e.n + w(fw, + 7w, + lo,) — Ew?, ,
W, =tk —¢&l -+ o (o, F 1o, + o,) — !, ! (4.35)
W, = &7 — e“E + w.(Ro, 4 7o, +w,) — Qw?,

Teanauull BeKTOPUHUHT TpoeKuuanapunu #uep Oypuaxiapu
OpKanu xawm uponanaur MyMKuH. ByHuur yuyda (4.34), (4.35) na
® B3 ¢ BEKTODJADHMHI NpPOEKUUsJAPH YJAAPHUHF  TErHULINYG
(4.13), (4.18) Ba (4.20) mynocabarnapiad aHuKJaHyBud udona-
Japu 6ujaH anMaluTHPUAUIIM Kepak.

14- macana. BOC poupaBuii konyc BOD koHyC nunia cupha-
MaclaH wyHaai aymanafiankd, yHuHr O HyKTacu Ky3raimait Ko-

¢ .

JAanu, A HyyTacu 3ca v, = 5 M/c Tesaukka 3ra O6yaamzu. £=1c
a8 kowyc 4.13-pacmpga KypcaTwaram XoJatHd 3rajjaainaun  neo,
79

www.ziyouz.com kutubxonasi




YHUHT Wy Bakt oxupuaarhn 6yp-
4yaK Te3aurn Ba Oypuak Te€3/1aHu-
my TOMUACHH: Oyuda AB =r =
=0,5 M, a=90°, §=120°
Eunmw. BOC kosyce cupnanmait
Aywmanaraip yuyw OB uu3ukna
€rypun 6apya HyKTaJapuHUHT Te3-
AUry Hoara Tewr; 6uHoGapuw, OB
~— OHHUl afiviannw YKHpaH n6opar.
KyaranyBun KOHYCHUHT OHUH Oyp-
YaK TE3/AWIM BexKTOpu ompuil afja-
HUIl YK Oyiinua A HyKra Tesau-

rura Moc pasuwza BO 6yfinua fiy-
Hajsaau. (4 23) popmyaara GunOAH

vy =w-b = AL (1)

4.13- pacm.

Byunnan

0A A\ l/—
W= = == Qt.
AL r cos 45°
1

t=1cnae=}'2~141 c\

Kounyc 6ypuax Teanurn Xam MHKAODH, XaM AyHanuiuu Oyhuya y3-

raprauy Tygaidau yHusar Oypuak Tesaanuid e Hu (4.21) Qopmy-
J3 aCcoCUAA TONamus:

— -— -
E==¢; 1 E,. (2)

(2) na s, Gypuax Te3JUK MHKAOPUHMHI ¥3rapuiuuud uoianaisu
Ba w Oyiinya fyHanalu:

dw —  _a
8 /= 7 = <.
1= Va2 ¢
-
e, 3ca Gypuak Teaaux BekTOpu yuuHuur Oz yk arpoduna afi-
—

AaHdWMAAry Te3auru cudartria aHuKAaHasM Ba y @ BeKTOpra mnep-
nesAuKyJAsp pasuwaa xysraamac O Hykrara Kyfuaanu:
g, = o + v, 8in 60°, (3)
@, 1 auugaawia A wykraun Or arpoduaa ahinanazu xe6 kapad,
YHHHT Te3Jurunan QonaanaHamus:
v, =0, - AN; AN = OAsin15° =rsin15° = 0,13 m.
Y xoama: o, = — 385,
X 1S ON )
Dnay (3) ra TONHATARJAPHM KYIMU3:
13

2

=~ 4,720,

t=1c a8 =472 ¢

gy = l"hé‘f - 3.85¢ -



l., Ba >s’2 y3ap0 TNepneHAuKy-
AP OyJraHd yuyH

e ]/ e+ e =~ 4,93 2,
15- macana. O Ky3raamac

HyKrara sra OyJras KaTTHK
WHUCM Xxdapakatd

R
g = —

, 0 -, ¢ ==l

2 3 Py
TeHrnamanap Ounan Gepua- /,/
rai. 7KuCMHUHC  afiNaHHIl

ouuit  ykupa, O HyKTaAaH
(4.14-pacM) OM=2)3 u 4,14- pacy.

Macodana érysun M HyK-

TACHHUHT Te3JaHuwH tonuiacuH. (§, 6, ¢ Oypuak/aap paauanna, t
CeKyHALa yJuyaHaau).

EuMmi. M Hygta Te3jauuuldHd aHdgaawaad assaa (4.13) Ba
(4.19) dopmyaanap épaamuia XKUCMHUHT OHUA OYpuax TE3NWrHUHH,
(4.20) pan ¢pofinananub oHuil Oypuak Te3JAHMIUWHU AHHKJAAHMHUS.

DiiJepHUHr KUHeMaTUK Teuraamanapu (4.13) Hu Tysaiauk:

)
w,—o sin 0 sin 9-+06cos = sin—-~sm —-ta‘%—rsm-—t ,
[

my=—-cpsin9cosq)+93imp=-—1rsin%cos—:-c’ —Lwcos;t, 1)
® =§9C059+€P-—WCOS—:—+%-—%’.
¥ xonza (4.19) ra Gusoan
om) WA Te=ll @)

(2) mau KypaMu3KH, MUCMHHHI OHKI 6ypdaK TE3IUrd MUKAOD
wnxaraan ysrapmac axad. (4.20) ra xypa »HcM oHnii Oypuak Tes-
JAHHIUMHMET KOODAMHATA YKAADUAATH UPOEKUMAJAPHHY TONHIN
yuyH (1) aaH Xocuaanap xuco6.aaimMu3:

) x 13,

=wy=—=rC08 ~ ¢, t, =0, =
y 4

¢ gt Y 4

. g

¥ xonpa gy#umara xocua 6yaamu:

) —_— a » 3 LW ®, x
:=V E;-féj—f—s:=]/_/ (—‘r;‘") -(cos“?z-t . sjn’;t):
V3
4
6 —-5955 ‘ 81
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Sunu (4.32) nan donmananub, afIaHUW OHHE YKuIA ETyBUM
M HyKTa Te3JaHHIIHUEN aHUKJAAHMHU3:

— - et d
W =i+ ey, (4)
M wuykra ainanuu oHuil Yxuaa Erranauru Tydaiau

h, = 0; nemax, 1.17?‘;‘"‘=0.
o = const 6yarannnas (4.21) undomana ?1=0; 61HOGapuH :::::
alJIaHuW OHWI YKUra nepneHAMKYJAp pasuwia Ayxain6, O Hyk-
Tara Ky#uarad. lllynnur yuyns (4.31) ra xypa

3 - 3
w%ﬂ=e-he=e'0M=§ftg-2/3 =E“2 M/c?,

— -
@54 BeKTOPY ¢ AyHamdwmura moc pasdmna OM ra nepuediuKy-
aap Ayuanaan. Wynpas Kuaub

3
Wy = Wh* =§“a m/c?.

16- macana. Topusoutan ¥yx arpoduna w0=£3&— ¢!

6ypuak

Te3/uK Ounan aitaauysum 1 Ban (4.15- pacm) panuycu r=0,4 M
oyaran, gysraamac [l mectepus 6uaan uaaiuras inecrepHs 1l Hu
XapakaTra xeJTHpaid. a = 60°, 8 ==120° ne6 o.uub, Il wecrepus
6ypuax Tesqurd, Oypuak Tessanuwu xXamaa B sa C HyKrazapu-
HUHT Te3JIHK, TE€3/IdHHIIIaDH TOUMJICHH.

Eduwi. Kysranmac O uygragad OXyz koOpA¥HaTa CHCTEMACH-
HM WyHAall yTka3amMu3ky, Tekuiupuaaérran naidtaa Il wmecrepus
opkaan ytkaszuaran OBC xecum yOz Tekucauru 6uaan ycrma- ycr
TYHICHH.

2 Y B P II mwecrepus onuit Gypuax
g oy 147 >£ “ Te3NMIHHN GHMKJAWAA YHAHT A
i i ewr Hyktrach O yK artpoduna o,
5 VLIRS 6ypuak Te3nuK OMAdH aflnaua-
,,/5,”’"\ agR étranufian doisananamus;
Na /fBF v, =0, OA =0, AC X
| ° ™
;\. N7, Xetg 30° =04 =
: I
/\?% k\ “ Il wectepus C nyKracu Ky3=-
N S raamac Il wecrepusira xam Te-
4 \\ R rumway 6yarand yuyH v, =0,
B 6uno6apun, OC aiinanum OHHA
A% Yxunau nGopar sa Il wecrepus
6ypuax Te3ank BekTopu OC oHui
4.15- pacw. Yx 6yinad fynaara.
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Il wecrepuann OC aiflnaHum oHu#l YKu artpodupa alnananu
Ae6 Kapacak, (4.23) ra 6unoan

U, = m“/t2 =w, - AD.
Byunau

— Ua - Vs 2;/5 c_]
7 AD 7 ACcos 30° 3 ‘

w

B nyxra tesaurunu (4.23) dopmyaa éplaMuaa aHUKAANMU3:
vg=uo, - BK =0,8 mjc Ba—;}B I Ox.

—>

Il wectepuauudr ouuit 6ypuax Te3NAHAIUK &, HY TONAMHU3. T,

Te3/THK MUKOOPH ¥3rapvac 6¥/AraHufan o; XaM MUKLOP XHXATAdH
-

Ysrapmacaup. Llyuuar yuyn e, HH o, BekTOp yunnuur Oy yx ar-
poguaa o, 6ypyak Te3AHIH OMJAaH AANAHHMKAATH TE3Jurd cudas=
THIa KapafiMmus:

V3
’uz“’o'“’usmp""’}; c .

Kysranmac O Hyxgrara Ky#iujaaguras E:, BeKTOpH HyHanuuwin Ox

YK #ynainmura moc kesaau. duau C Ba B HyxTasap Tes/naHuml-
JapuHU aHuKaamra yramus. (4.32) dopmyaara xypa:

;';(.‘ — {E,’ZM -+ ;E).Z’”".
C nykra aiinannul oHuit ykuna &trauu yuyd (4.31) dopmyaara
Kypa Kyfusarujaap xocua O0yaanu.

UEM = () ’ZQ}7,’2"‘=E . C——E AC
& C 1 i cos 45°

=08 - -‘/i ~0,46 M/c?,

— — —
Wynna#t guaud, . =w;. w* gexTopH ¢, AYHAAAWATA MOC
pasnwmaa OC ra nepnenauxyasp Hyuaaran sa OBC Texucauruna
€ranu.
(4 32) ra acocau

;58 -_a;ltl‘ltm +_£,zn4.
Byuaa (4.31) ra Gunoan _
wWitm = w « BK = % - 2AC c0s 30° = 1.8 ;/3 = 0,92 M/c?,

wiit=¢. . OB =108 - -‘-/3—3-2:0,46 M/c2,

w'""" BekTOpu BK 6¥iiuua aftaHul §KU TOMOH, w"“ sexropu OB
ra yTkasuarad mneprneHauKy/aap Oyfdua #yuanrad, w's™ sa Wi
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BEKTOp/apu opacunard 6ypuax 120° Gyarawu yuyH (4.33) dopmy-
Aa Ky#uaarnua €3uaaiu;

wu — l ‘:;“»;‘IJ‘I ; (wlllrﬂm)z ; ~)‘~.ali.4-wulin: - COS 1200 30,8 M/Cz.

V 6006. XKHCMHUHTI 3PKHMH XAPAKATH

19-§. DpKud KUCM XapaKATHHUHT KMHEMaTHK
TeHrJamanapu

OPKHUH KUCM XOJaTH Gup OGupura GOFauK Oy.amarad 6 Ta Ko-
opAdHaratap 6unan anugganuwu Il 6o6aa xaiin stuaran sau, Ly
KOOpAUHATANADHM KAaHAa# TaHAAUI MYMKUHJIMIH, SBHH 9DKHH HKACM=
HHHC XdapakaT TeHr/JaManapuHu auuKJaam Macasacu xyiuaaru [llaae
meopesmacy €pAAMULA OCOH XaJ KUJMHAIH.

Teopema. Iprun s’cucmrune 6up 6a3uAMOAH UKKUHLA BQ=
susimea Yymuwunu YRoa Kymo 0e6 maniaHzak KYKma ouian 6up-
AUKOQ UAZAPUAAMA KV4UUL 64 KYMO ampogudaeu aiianma Ky-
LUULOAH MAWKUAL MORZAK 00 KaApaul MYMKUH.

Hc60T. MabiyMKH, XUCMHUHT XOJaTH yHAArH OUp TYFPU 4H-
3uKaa érMaiianran yuta HyKra, 60ouiKaqa aiTraina, KHCMAa OJHH-
rai yufypuak xo/aaTd OuJjan TYaug anukaananu. ABC yubypuak
KHCM X0oaaTHHK Gearuaopuu yubypuak 6yacud (5.1- pacum). 2Kucm
| Basuavpau Il xonatra yrtramna ABC yubypuak A,B,C, yubyp-
44K Bas3WATHHD 3rajijacHH. Arap »ucMmra ujarapusaMa Kyumur 6ep-
cak, ABC yubypuak A,B’C’ xonaruu arannaitnn; 6yuaa ABC yu-
6ypuak tomonaapu Cuaan A B'C’ yubypuak TOMOHJApHM MOC pa-
BUW A y3apo napaasen G¥aaau. A;B’C’ yuGypuaknuur A,5,C,
xosarra yTuid aca duiep—lanambep Teopemacura xypa A; HYK-
Ta atpoduaa 6upop Oypuakka afigaHTUpul Ougan OGaxapuanu.
Hemax, Teopeva ypUHJIH 3KaH.

2KucMHUHT 6Up XONaTNAH MKKMHYM XOA4aTra YTHIWMHH OyHaad

UKKH Kyuuil HWUFHHAKCH-

fan ubopar ne6 Kapau

/ . VHHHT XaKuKUiA XapakaTu-

HU TacBupJaMaitan. Bbupox

xwucmHuHr | sa Il Basust-
aapu  Oup- Oupura myna
SAKMH Kuaub oauHca Ba Oy
HKKHY Ky4duul OUp BAKTHHUHT
yauna coawp 6ynann neb

Kapaaca, Y XaKukuli xapa-
\'/_/ Katuu TaceupJafinu. Bu-
HOGapuH, 3pKUH JHCUCH-

Huwe xap owndauw xapa-

e

/9 L/ KQMuKL — 2cucmoa  Kymo -
/ Oef MmawAaHan HyKma-
’ HuHZ Wy oxOa2u uAaApl-
5.1- pacu, AQMQ  XapaKkamu OuaaH
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xymo6 ampoguoazu cge- ¢ 2/
puk xapaxamoan maui- z

K monzan 0eb Kapaus /@
MYMKUH,

llyuun  Tabkuaaad
YTHID KepaKKH, TeKHC /
napaJjej  xapakaraa- "
ru kabH, XapaKaTHUHT A ‘—-———'5
/ 4

”%g:/m

ujrapusama KHCMH KyT6-
HUHT TadJjaHumura GoF- b
JUK; XapaxkaTHUHI cde-
PUK KHCMH 3Ca KyTO-
HUHT TAHJAaHWIIUra 6OF-
JUK 3Mac. A Y%

Warapuaava xapakatr
KUCMIA OJUHTAH GUpOp
HYKTaHHHT, macaJaH,
KYTOHHHT, XapakarT Ko- 5.2- pacw.
HyHu 6epuauiin GuMaH,
chepur xapakar 3ca Iiaep Oypuak/JapUHUHT Oepuauilid Oujan
anukjanaau. LyHra gypa 3pKuH KUCMHUHI XapakaTd KyHuAaru

KXo =Xo (), Yo="Vo(8), 20 =2,(%),
b=0(), 6=0(f), o=109(?)

6 Ta reHrsaManiap Gujan wudonasananu, OYHAA Xy Yo, 2o — KYTO
cudatuna Tannanran O HyKTaHuHr Kysraamac O x,y,2, cucrema-
Aaru koopauHaranapu; ¢, 8, ¢ — Jitiep Gypuaxaapu 3ca Gowu O
Hyxraaa, yxaapu O.x;y,2, CcucTema YKJapura MOC paBullfa
napajjes xo4Aa uirapujiama xapaxataanysan Ox’y’z’ cucTemara
HucGaTeH oquuanu (5.2-pacm). (5.1) TeHraamanap JPKUH HCUCM
XAPAKQMUHUNE KUHEMAMUK MEHIAAMAAAPE Jelnaany.

)

o
I :,

(5.1)

20- §. JpKUH KUCM HYKTACHHUHT YU3IMKIM Te3NUIH

Teopema. 3Iprun owcuck uxmufpuii HYKMACUHUHZ LUSUKAL
mesauzn KYmOHUHe me3auzi Guaan Yulby HYKMaHUKZ Kymbea
rucbaman cepurx xapaxamudazy 4wu3uKAlL ME3AUURUHE ZEO-
Mempur QurFurHoucuza mene.

Hcbot. M — xucmuunr uxTuépuii uyxracu 6yacud. M nykra-
vu O gyr6 Ba Kyaraamac O,X,y,2, KOOPAHHATAAAD CHCTEMACHHUHT

Gowu O, Guran TyramTHpuO, MOC PaBUILAA Iy, Ba I, BEKTOPJap-
HU xocua guaaMus (65.3- pacm). O HyKTaHMHT Ky3FaaMac CHCTema-

-
ra unc6aTtad padHyC- BEKTOPH F, GYJCHH. ¥ X0J4a XUCMHHUHI Xa-
pakatu naBomuia

— —» —_

ry=ro+ryo (5.2)
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5.3- pacu,

Mynocabat ypunaunnp. (5.2) udosagan BaKrT G§finga GHPHUHYH
TapTuban X0CHaa ONaMH3:

— bad -
dry drg ' ar o

at dt ' dt
-
dry
By teHrauxna — M nyxranuar O, x,y,2, cucteMara Huc6araH
- dro
Te3JUTH U, Hu, = ~ O gyr6uuur O,x,¥,2, cuctemMara HucHaTan

- -

TE3JHTH v, HH, — sca M nygraunar O gyt6 arpodupa coe-

.
PHK XapakaTtaarn ¢, Tesnuruuu uposanainu. (4.22) ra Gunoam,

—_ - -—
Upyo = X Fyp 0Y1006, © KUCMHUHT OHMHA Oypyak Te3JAHK BeKTOe
punad ubopar. lllynaain xuau6,

- — —_—

Up="To T Upyo €KH vy=TptwXr,, (5.3)

JfaH TEOPEMAHUHT YPHHIAM IKAHJIUCUHH XOCHJ KHJaMH3,
(5.2) nu abTHOOpPra oaub (5.3) Hu Kyhuparuya €3amus:

— - - - —_
Uy =7, F0X(r,—r,).

By ndonauu gysranvac O,x,y,2, cucremMa YgJaapura NpoeKIHs«
Jafimus:
vx‘ = T’Uf| + u)yl(zl - zo) — wt‘()‘l - yO)’

%, =7, +o, (xy — X) —w_(2,—2), (5.4)

U, =Ty, +u, (91— Yo) — 0, (%, — Xp),
86 *

www.ziyouz.com kutubxonasi




6y epaa x,, ¥,, 2, — M HYKTaHHHT KY3Fa/iMaC CHCTEMaAaru KO-
OpAMHATANAPH, X, Yo, 2o — O KyTOHMHI KOOpAMHATAaAapH; w,,
®,, ®, — Onui OypYaK Te3IHKHUHT KY3FaiMac yKJIapAar npoexuus-
Japu 6y.au6, yJaap Jiiaep 6ypuakaapu opkaaun (4.13) myHocaGar-
JAPAAH aHUKAAHUWH MYMKHMH, ¥,, ¥ , U, 3Ca IPKHH XKHUCM HXTH~
épuii HyKTacH Te3JUTHHHUHI KY3Fa/IMac KOOpPAHMHATa YKJapnaarw
npoexkuusaapuaad uéopar.

21-§. IpKHH XHUCM HYKTACHHUHT YHM3MKJH Te3JaHUIIH

Teopema. Sprun xcucsm uxmuépuli HYKMACUHUHZ HUSLKAL
me3Aanuml KYMORUKE MEe3AARUUL OUAQH WY HYSMARUR? KYMO-
2a Hucbamarn cPepur Xxapaxamudazi 4UUKAL MEe3AAHUUILKIHE
eeomempur RUFuHOUCUZA MEHZ.,

Hcbor. (5.3) uponanau BaKT Gyiinya OUPUHUHU TapTUOAM XOCH=
Ja onamus:

d;’:‘VI ‘Wo dro dryo
w
dr + X rwo + w X 2t
éxu
— -— - - -— - -
Wy =Wy +eXTyo+wX (o X ’uo)° (5.5)

—

-
Byuna w, — M HyKTaHMHI YH3MKAM Te3JaHUIl BEKTODH, w, —
—
KYTOHMHT Te3JaHULI BeKTOPH, & — XHUCMHUHI CPepHK XapakaTAdru
- e
ounit Oypuax TesJaHWII BeKTOPHAUD. (4.29) ra GuHoaw e X r,, +
- -— —
LoX(oXr Aurupan M HygTauusr Kytéra uuncbartad chepuk
MO

-
Xapakaruiaaru 'w.,"o YHU3UK=

JH Te3JaHHW BeKTOPHHU
uponanaitnn  (5.4- pacm).

Jemaxk,

Wy =mwy+w,, (5.6)
6§16, Teopema uc6oT Gy.a- (
AH.

(5.2) Hum 3vTHGOPra
o016, (5.5) BM KY3raamac
cucTeMa yKJaapura mpoek-
11anat, IPKUE KUCM UX-
THEPHHA HyKTacH Te3aaHu-
WHHUHT 6y  YKJapaaru
NpOeKUHAJNAPUHH AHHKIOB-
it GOpMYyaajapHu ¥ OCH 7,
KHAaMHU3; 5,4- pacwm
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W, =2y, tey (21— 20) — e, ¥ — Yo) T w (%, — () +
T o, (Vi —=¥o) 4wy (20— 20)] — w (ay — xy),

- g (0 —x5) —e, (20 —2,) + o [0, (X —xp) +

o, (J1— Yo) T w, (21 —25)] — w? (v, — y,),

W, =, Te, (N —Yo) —ey (X —Xp) + o, [0, (£, —x,) +

To, (V= Yo) + o, (21 —2)] — o' (2, — 2,).

U]

KL “O,
!
e

Bynaa €&, &, & Ouaan onuii Oypuak Te3JaHuUl BEKTOPHHUHT
L] L) 1
O,x,y,2, cucrema yx/aapunaru npoexkuuaIapu OGesruianraH.

VI 606. HYKTAHMHI MYPAKKAB XAPAKATHU
22- §. Hykraumur HucOuii, Kyunpma Ba a0COMOT XapakaTH

Bus 1oKopuia HyKTaHWHT Ba JKUCMHUMT XapaKaTHHW IHAPT/AH
paBuillla Ky3rajamac e OJiMHrAH KOODAHHATAAAD CHCTEMACHTra
HUCOATaH TEKINMPAHK. DHAN HYKTAHUHUI, KeAMHPOK 3Ca KHCMHUHT,
XaM KYy3FaJqyBuM, XaM Ky3Fanimac KoOpauuaranap CuHcTemaJnapura
HUCOATaH XapaKaTUHU §prasamus,

Aeap nygma Gupop cucmemaza nucbaman xapaxkam KuAuo,
0y cucmemanune 31 3ca OOWKQ KY3FAAMAC cucmexraza Hucla-
MAn XapaKamAaHCq, HYKMARUKZ XaApaKamu Mypakkad xucoo-
sanaon. Japéna xeTaéTran KemManard OLAMHEUHT XapakaTh My-
pakka® XapakaTra Mucoa 6yna osnanu. Byuna oiam xema noayba-
cura, xema sca pgapéra, napé€ Epra nucbatad xapakaT KWJajid,

Hyxmanune maptau paBuMiifa xy3raamac Kuaud oauHrad Ou-
pop koopduramaiap cucmemacuea HUucGaman xapaxami adco-
Al0m xapakam, 6y cucmemaza Huc6aman O0A2QH MeE3AUK 80 Me3-
AGHILULL MOC PaBUIIAZ, alcosiom me3auk Ba aOCORIOM ME3AAs
Huw Oedunadu. [emak, 6u3 wy naitraua a6coqoT xapakart, ab-
COJIIOT Te3/MK Bd Te3JaHHHl OusaH WUl KYPUO KeaAraH IKaHMu3.

— —
llynra kvpa aScoaOT Tea/luk Ba TE3/aHMIIIAD YUYH ¥ BA w OeJ-
fUJAapHH cag/aafiMu3.

Hyxmanune rky3raarysyu cucmenaza HUCOQMAR XApaKamiea
HucOuii xaparxam dedunraon, Hucbui mesaux 8a Hucbui mesaa-
Huu 0el Hyxmarune KY3FaAaysiu cucmemaza Hucbaman 0A2QH

- -

mesaue 8a me3ranuuued afmu4adi Ba MOC paBUHLIAA U, W,
opKaau Oearuaadany.

KV3raayeqn cucmemanunz KY3FAAMAC CUCHEMaza HUCOAMAH
xapakamu kyiupua xapakam odelusadn., Hyxmanune Oupop OH-
dazn KydLupMa messucn 8a Ky4Lupma messanuuli 0e0, KY3Fanys-
4u KOOpouxama cucmemacunure afiny nadmoa wy Hyxma Ou-
AAH YCMMQ- YCM MYWyeult HYKMACRHAUHZ Me3Aud 82 Me3Aa-

— -
Huwuea afmusadw Xamaa MoC paBHLIAA U, W, Kabu Oearuna-
Ha[H.
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Hykranuar nucbuft Ba Mypak-
ka0 xapakaTjaDHHU TEKUIMPHUI
YUYH MKKUTA KOOpAKWHATaJjiap CHC-
Temacunu oaamus (6.1-pacm). M
HygTa 6upop Kysranysun Oxyz
cucTeMara HucGaTaH xapakaT KuJ-
cuH. Oxyz cucrema sca §3 Hasba-
Tuga gysraamac O x,y,2, cucre-
Mara Huc6atad xapakaTt/aaHcuH. M
HYKTaUUHT Ky3Fa/JaMac KOOpIAWHa=-
Tajap cucreémacura HucOatad pa-

AUYC-BEeKTOPUHH 7,  KY3FajayBuH
KOOopAuHataaap cucreMacura HucC-

2

-

6aran pajuyC-BEKTOPHHH p, Ky3- 6.1- pacu.
FA/1yBUM KOODAMHATANAD CHCTEMACH
Gown O HyKTAHMHT Ky3FajiMac cucremara HucGataH paluyc-BeK-

-
TODHHHU T, Ouaan Oesruaaiimus. ¥ xoaaa
-— — -—
r=rote (6,1)

MyHoca6aT YpuHan 6§aanu.
M HyKTaHHHT Ky3ranyB4Yd KOODAMHAT&NAP CUCTeMacura HucoOa-
TaH KOOPAMHATAJNADUHU X, ¥, 2, KV3FaJyBuu KOOpAHHATA YKJAapH-

—_— - —

HUHT GUpJapK AYHAJATUPYBYM BeKTOpJApunu £, j, £ Guaan OGearu-
Jacax,

p=Xi4 y/ 4 2k (6.2)
ned &sunr mymkud. Ulysra xypa (6.1) udona

— - - — -

r=r,—xi -y -2k (6.3)

Ky punnmuy onanu. (6.3) mdoaana katHawysuu 6apya KaTTaAUKAAD,

=

wy XKymaaaal &, f, £ xaM BagkT $yHKLHACH cHpaTUAA Y3TapyBuH

-
KaTTaJuKIapaAHp. ByHﬂa r BEKTODHHHT ¥3rapuiiy HygTaHunr at-

COJIIOT XAPaKaTHHHY, fo= i, J, £ BEKTODJAPHUHT ¥3rapuwu Ky4Hp-
Ma Xapakartidu, X, ¥, 2 KOOpAHHATA/IADHUHT ysrappr'mn Hucoufl xa-
pakatau udonarafiin.

(6.3) menesamanu Hykma mypaxkal XapaKamununz 8eKmop
Kypuawwoazu menesamac de6 amaw mymxur. By Teursamany
Ky3FaJimac cHCTeMa YKJapura npoexluusnaal, Mypakkad xapakat-
HUHI KOOPIOHHATANAP KYyPHHHILMAATH TEHI/IAMaJapH XOCH/A KuJ/H-
HUILH MYMKHH,

89
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23-§. Te3aukaapHu K§Wn 1leopemacH

Teopema. Hyxmanunz abcoarwom mesauen YyHuHe Hucbuii 6a
KYLUPMQA MEIAUKAAPUHUNHE 280MEMPUK HUFUHOUCU2A MEHE.

Ucbot. (6.3) tenrnamanan Bakt 6yiinya Gupunud TapTu6an x0-
€uJIa 0/1aMu3;

dr d;.o dx 7  dy 7* de
—_—= — i+ Zj4+=%r
dt dt +(dt +dt”+dl ,,J"
di d; a?)
x— — -2, 6.4
+( dt Ty dr 1 dt (6.4)
6 ar ing dry
y epha — =y — M HyKTaHuHr a6coJIOT TE3JUTHHH, — =
= v, — O nyKTawuHr aGcoJIOT Te3MHTMHH,
dxrT dy > [ dz 7 —
=i 4= — bh=vr— 6.5
dt +dt / +dt (6.5)

M wykranudr HucOMit Tednnruuu udomananau.
—_— -

Bupauk Bexkrtopaap i, f, £ nan OAWMHr4H XOCHJAJAPHHU TEKHIH«

—_

de -
pamus. Macanan, —,; Xocunauu kypaiaux. DpKUH XKHUCM Xapaxas

TH HA33pUACHAAH MabayMku, Oxyz cucreMa xapakatuun O HykTa
Oustan Oupraaukiga uiarapusama xapaxkar Ba O xyT6 atpodunard
ChepuK xapakarJapHUHT HUFHHAMCHAAH uGopar Ae6 Kapam MyM-

KHH. ¥ XoJana, % papuyc- Bektopu £ Gyaran A Hygrauunar O

-

HYKTa aTpoduina chepuk XapakaTHAAru U,, YUBUKIA TE3MUK BeK-

TopuHu Hpoaanafan (6.2- pacm). AMMO chepuK XapakaTaaru xKuCM

HYKTACHUHUHT TE3JHUTHEU Xap OHMAA KYTO OPKa/JH yTyBUM aHNAHHLI

OHR{l KW arpodunaru adinauMa xapaxkaTnard TesnuK Aed OJuHu-
[IH MYMKUH 6yaraHujgan

Q -—
dk = -
J— —d?-:t'l.o'-—_-u“,)(k (66)
A
40 6Vnanu. (6.6) ubonana w, chepux — K-
AV YUpMa XapaKkaTHUHT OHUR OypuaK TesJIHK
! @, Begtopuanp. LUyHra yxwam
g LN - (6.7)
dt ¢ ;
6,2- pacm, 6yaanu. (6.5) — (6.7) wudomanapun b=
90
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tabopra osaub (6.4) rteHraukuu Kyhiuaaru kypuHumga ésa-
MH3:

>

v =Tyt Ty -+ X (0, X 1)+ ¥ (@, X J) + 2 (0, X &) =
—7; *',5’ -4 m ><(u—,—y/+’k) —'0 —}—fu —I—(u ><p
(5.3) nu amn6opra 0JICaK, Kyaupma TestKHHHr Tabpudura aco-

cau vo+m ><p BAUFUHAM M HYKTAHUHT v, KyuupMa Te3JIUIHHK
upopanafiau. lynnai Knauo,

v =13, + 3, (6.8)
6yaanu. Teopema HC6OTIAHAH.

Arap KyudupMma xapaxaT Wirapujama xapaKaT 6y.ca, ;—O,

-

6unobapun, Oy X0a138 Kyunpma Te3auk v, = '”o 6ynanu, Teannk-
aapHi Kymum teopemacu (6.8) udona kypununmuaa ésnga Gepaiu.

24- §. Teanannmaapuu Kymuu (Kopuonuc) teopemacu

Teopema. Hygmanune abcoriom mesaanumy YHUH2 HucOWi,
Kyiupma 8a HKopuoauc mMe3AQHUUMAAPUHUKL 2€0MEMPUK (LUFUH-
duciuea mexz.

By teopemann uc60t kuaum yuyH (6.4) HdosagaH BakT GyHu-
ua gHa Gup Mapra X0Cusa 0J1aMus:

- - e —>
o (exy oo gy el 6
dt dt des /*dﬂ ") ' ( dee ar Y di +
dx dz L dy dj | dzdk \
9 == L 6.9
41=J+ &dt dt dt at dtdt} 6.9)

-
d —
(6.9) udonana —dvt—=w — M HygTtanuHr aGCcoMIOT Te3JaHHINM,

dvy -

s =W, — 0 HYKTanuur tesnaHuIIy;
dxT  ayT  dz T
ey 2 = w,— (6.10)
e dar e

M myKraHWHr HUCOMH Te3aHuLIu 3xaHTMrHuK BA (A.6), (6.7) MyHO-
cabaraapuu 3bpTHGOPra onub, (6.9) v Kyhumarn Kypusumaa €3u6
Osn1aMn3:

z'w'='ziv,,+?w,+]xi(w,><7)+yi(5£x7)+ai(ﬁ»',‘-%k

—(w XN+ & ><Ae)]
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&Ku

ot % "’(xt+w+'k) "(‘”m—+"—'~i

e Epuafix(zT 757

—_—

- d ‘
6ynna s, = d";e 6yub, &, — KyuupMa Xapakar OHH# Gypuax Tes-

JIaHMII BEeKTOpHHH uWdoaanainau; (6.2), (6.5) — (6.7) wudonanapuu
bTHOOpPra oJcak, Kyinaarura sra 6yJaMus:

W= W, + Wy, X o+ 0 X (6, X p) + 20, X T,). (6.11)
(5.5) udonanu Hasapaa TchaK KyqupMa Te3 jaHHIl Tabpubura

—-

- - — -
K¥pa 'wo—f;-ee)(p—}—we)(( ><p) duruHAM M HYKTaHHHT @, K-
YipMa Te3JaHALIMHH mpozlanamn. Y xoaaa

—_ — — — —
w=w,+w»,+ 20, X v,
6yaanu. By ndonanuHr YHr TOMOHUAATH
W= 20, X v,
BEKTOP Kymumia éxu Kopuoauc mesaanuwn ne6 atananu, by
BEKTOD KYmaiTMaHH Te3JaHWIU Ae6 OJUHMIIHNG acoC WYKH, YHUHT

YauoB Gupaurd Tessnauuwl Oupaurd Ouaan Oup xuanup. L[Uywnpail
Kuauo,

v=w, +w,+ v, (6.12)

Teopema HCGOT KHUAUHIH.

Hucouit Ba xyuupMa xapaxataap srpH 4u3ukad Oy.ca, HucOuit
Ba XydYupMa Te3/JaHUIUNAPDHMUHT Xap Oupu ypuHMa BA HOpMaJa Talil-
KU/ 3TyBuMJapiaun ubopar Oyaanu. ¥ xouana (6.12) dopmyaa

-— — — - — —_—
j— n n -
w=w! + @} + 0!+, +w, (6.13)
k¥puHumaa €suaapd. (6.13) ra GuHoau HyxKTa aSCOJMIOT Te3aHU-
IWHHHT MUKA0OPU BA HYHAJMMIIMHY aHUK/ALIAa aHAJAUTHK yCyJ/AaH
dofinarauuw Kysai. ByHdHr yuyH Te3NadHdlUHHHC ¥3ap0O mepreHs

Jugyasap Oyaran 3 Ta ykaapaard npoekiuanapu (6.13) nu wy
yKaapra npoexuusaanm OpKajad TOMHARLM.

25-§. Koprnoanc tezaanuiu. Tesnawuuiaap
napajieJorpaMu TeopeMacH

Mataymkn, Koprosnc tesnanumy
w, =¥, X 7, (6.14)
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-
dopMyna 6unan anukaananv. (6.14) za w. Ky4upMa XapakarHuuc
OHuit Oypuak Te3JIUIH, '27, 3Ca HYKTAHUHT HHCOMH Te3/UTd BeKTO-
puanp. bunobaput, Kopuoauc me3Aanuuil Kyiupma xapawkam
Oypiar mesaurx gexmopu OUAAH HYKMAHUKZ HUCOLE ME3AUK 6€K-
MOPUHIHZ UKKUAQHZAH 8EKMOpP KYRAUMMACUZA MEHZ,

Bextop kynaiitMa Tabpupura kypa KopHosHC Te3naluHILUHUHT
MHKJOpH

— T —

w, = 20,7, sin (v,, v,) (6.15)

- -—
¢opmynanan aHuKAanub, o, Ba ¥, BEeKTOPJAPrad nepunesiuky./sp pa-
BUUILA Wynaadl HyHAJraHKH, W, HUHT MycOaT yuuwjaH KaparaHaa

-

®, BEKTOPDHUHT v, ra Kapab sHr xuuumk Oypuyakka adaaHuwu coart
CTpeaKaCu XapaxaTHra TeCKapu KYDHHUILKM Kepak.

Kopuoanc Tesnannmmuuunr fiyHaaumunu gydnaary 2Kykoscxu
gonpacunan goifnsanranubd aHuxaaul gy.aai:

1) w, BexTOpHra nepneHaAHKyaAap P Tekucank yrxasuaagu (6.3-
pacM);

- —
2) v, BEKTOPUMHUHT Wy P TeKHCAUKAArH NPOEKUHACH U, AHHK-
JlaHanu;

3) v, BexTOpH KyuupMa XxapakaT dynannmunaa 90° ra Gypu.ca,
Kopuoanc tesnaunimuuusr fiyHananiy xocusa 6y.aanu,

Kyuupma xapakaT uarapusiama xapakaraad ubopar Xo0J4a o, =
=0 Oyarasu Tydaiau Kopuosnc Tesranumm xam Hoara TeHr 0y-
Jand. ¥una (6.12) gy#fiunarnua ésuaanu:

w=1,+w, (6.16)

(6.16) mesnanuwarap napaasesorpamuy meopemacuny wdona-
JaRAH: KYLapma xapaxkam usapuiama xapaxam G6jazanoa,
HYKMAHUKZ a0CorOm me3Aanuumy HucOui 8a Kyiupma mes3nd-
HUWAAp 8eKMOPAAPULIA KYPUAAR HAPAALEAOZPAMM OUA20HAAL
buran aruxaanadu.

Bupop onaa nygranuur HucGui
TEe3/IMIM HOJIra TeHr Gyarax, wy-
HUHPJEK, Ky4YHpMa XapaKaTHHHI

o8

HUCOUH TE3NHK BeKTOpH 'z-:: KOJ- u
JMHeap 6yaran xoanapaa xam Ko- 7 N
PUOJIHC TE3/AHUIIN HOJITA TeHT 6y - J0°
JajH. /P

17- macaaa. A npu3ma ropusou-

Tad TEKUCAHK G6finab v, =31 —
<

. Z s
6ypuaK Te3/NHK BeKTOpH w, GuAaH R
pA

6.3- pacm.
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]

6.4- pacm.

Te3/uK OuNaH yHr TOMOHra KapaG xapakaTnawanu (6.4- pacm, a).
[Ipuamara ypuaruaran r=0,1 m paauycan B 6aokka yuaapura C
Ba [ oknap OHPHUKTHPUATAH apKOH Tamauras. B 6ok O yx ar-
poduna o =2¢* xoHyHra kypa aiinasanu. ApkoH 6/0kka HuCGaTau
CHpraHMaian Aeb Kapal, ¢ =2 ¢ 6yaranga C, D iokaap xamaa B
610Kk M HYKTACHHMHT TE3JIMKJADH BA TE3/JSHUWIADH TONHACHH.
Eunmi. A npusma kysranysua cucremanas wbopar. M, C, D
HYKTaJapHUHT NpU3Mara Huc6aTaH Xxapakatu HHCOUM xapakaT, MpH3-

-
Ma OnsaH OMpraaukia v, Te3qHK OWAAH XapaxkaT/JaHulIM KydHpMa
XapakaT (Kyuupma Xapakar 6yHAa warapujaamMa xapaxkataup), K¥s3-
Fa/iMac TOPHM3OHTAJ TeKHCAHKKa HucbataH xapakatu abcoaoT Xa-
pakaTaup.

By nyxTanap Te3nuknapuHd aHuglaw yuyH (6.8) dopmyananan,
AbHHY TE3NUKAADHH KYLIHII TeopemaculaH (ofifasaHaMu3:

V=1, 7,.
Kyuupma xapaxar wuarapuiama xapakat O6yarauu yuyw M, C, D
HYKTaJapHUHT KyuupMa Te3/ uKJapu Gup XU Ba ¥, ra Teur 6y-
JAanu:
v, =0, =V, =0, =3t M/cC.
Me (.‘ D' A /

By uyxranapHuHr auCOUB Te3MUKAAPH MUKAOD KHUXATAaH TeRr-
WP, YYHKH apKOHHHMHr 6apya HyKTa/naph 6D XHA HUCOHH Te3/HK-
Ka sra. M HykKTa nucOuit xapakatu yuuur O yK aTpodmaaru ai-
NaHMa XapakaTHaup; AeMaK,

nga.,),.rn‘g.r=4t.0,1=0,4t M/C.

yuuuraek, v, =1, =0,4L.
r r

-
Byuna v, GIOKHHHT aiianum AYHAAMIIMra MOC paBHUIAR, 6A0K
’
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-

-
PajHyCHra nePeHNUKYAAP, Te KHSA TEKACAHK 6¥finua, Up, Bep-

THKaA OyfiMua Hyraaras.
M nyxrara Ky#uaran Kyuppma Ba HuMcOuH Te3JMK BEeKTODP/Apu
6up Tyrpu uHMsukaa €rrand TyQafiau, yaap aarebpaHKk KywHaagu,
U=, ~ %, = 3t — 0,4¢ = 2,64,

t =2 ¢ Uy = 5,2 %

D uwykrara Kyduaran xyuupMma Ba HHCGHH Te3NHK BeKTOpPJapH
¥3apo nepnesaukyasp OyJarawy yayH

=) v +vp = V98 4 0,16¢* = 3,03¢ m/c.

t=2c¢; v,= 6,06 —:-

C uyKra a0CoMIOT Te3JUrHHM KOCHHYC/Aap TeopemacHiaaH ¢oiaas
JaHKO aHAKAaAMU3:

v, =) v+ ”20, — ch‘vcrcos 60° = V'7,96 12 = 2,6¢.

(A

t=2c; v, =52 X,
c

Kyunpma xapakar usirapuiaama xapaxkaT 6y/raHun yuyH Tesna-
HHILIAD NapajjesorpaMi Teopemacujnad ¢ofijlanaHaMus:

-

-— -—
W= ®,+ w,.
Bynna 6apya HyKTaJ4pHHHT Ky 4HPMA TE3JAHHIIAADH TEHT:

(3]

v
_ 1 2
¢ 'D—_I =3 M/C.

w! = 7 =
M, . ., a

Kjuupma Tesnannm Bektopu xyumpma Tesank 6yfinua fynanra.
C Ba D HyKranapHHHT HUCOMIl XdpaKatsapH TYEDH UH3HKJH
Xapakaraup. BuHoGapus,

— LA . — 2 " —_ - _..- — 2
W, = Wp, =T¢ =0,4 m/c, wD’._wDr_ 2, = 0,4 wm/ct

r
M nygranusr mucOuil Xapakatd afinana 6yiiaé xapakat GyJArauu
YuyH;
- .,” -

w = »:,

M = Wiy T Wy
Oyuna

wh =0} r=16£.0,1 = 1,6¢* m/c?,
wf"' =g r=0,-r= 4.0,1=0,4 M/Cz.

M, C, D wuygranap Tesnamuwu BexTopaapi 6.4-pacM, 6 1a
TacBUpJAHTaH,
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D uyxra Tesnanuwu [Tudarop teopemacunan, C HykTa Te3sas
HHUIIM KOCWHYC/Ap Teopemacunad doffanakulb Tonuaaiu:

w, =] wj +wp =V916=303 u/c,
= ]/'w;jc + @ — ch, - &, Cos 60° =1'7,96 =~2,6 m/c’.

-

-
Pacmpan ¢ofinananub «, § 6ypuakiapuu aHuKaacak, w, Ba Wg
BEKTODJAAD HAyHanuiium XOCHJI 6yaanu:
w

tga= =7.5; a~82,5%
tl'D
r
wC w uc',
T = - 6 i = 0° = ~ °-
sms ~ smoge oyumam sinf = —-fsin60°=0,1332, §~7.5

M HyxTa abCOMIOT Te3/NaHUIIMHK aHHKJaW (POpMYy.acu
—_ — - —-.
Wy= Wy ~+ W,y + Wy
HH y3apo nepneHavMKyJasap 6yJarau x, y yKJjapra npoekuuaiaiMuss

w, =w, =w, =26 Mm/c?
M, M, M, T4 [c?,

M My

w, =—w, =—16¢ t=2; w, =—64m/c
y y

Y xoana
w, = Vw‘;xﬁw;,y — V796 + 40,96 =1/ 48,92 =7 m/c™.

M HyKTa Te3JAHWIIVHHHT AYHAXHIUHM HYHAATHDYBYU KOCHHY®*,
Jdp OpKaaAM TOHMUJARTH:

coslm, )= %{ ~0,3714; (w,,, )~ 68°
coslmon 7)== o 00143, (w3 = 202°,

M
18- macana. M nygrauuur xOy TeKHCAMKAATH Xapakard
X=r-+rcoskt, y=rsinkt (1)

Tenrnamanap Gunan udonanananu; xOy rtexucauru aca Oz yx

. , -1
atpoduaa coat crpeskacu Gyfiuua ysrapmac o =w¢  Gypuak
Te3nK GuaaH afiianagu (6.5- pacm). M HyKTaHHHT TE3JMK BA Te3-
JIAHKUIIY UXTHEDHIA BAKT YUYH aHUKJIAHCHH.

Eumin. M nygra mypaxkal xapakar kuianu. ¥Ynuur xOy Te-
Kucankka Hucbaran (1) Tenraama GyidMya xapakaTaaHHIIN HUCOUR
Xapakat, xOy Tekucjuk Ouaad Oz arpoduia anJaHUIUM 3C8 Ky~
YhMpMa xapakaTtjaH uoopar.

06
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Teanuxaaphu Kyuinil >
TeopeMacura Kypa I

— — - R

v =0, 1 T (2)
Hucbuit xapaxatt Koop- o
auHara ycyanna epua-
raH HYKTAHUHT Te3JAHTH-
Hu (6.5) ra Kypa aHug-
JaiMu3:

.
r

1
S
N

:SI

1)

G =xi+tyj=
=—rnsinrrt7+
drmcosnij. (3) ?

M HYKTaHHHT KVuupMma

te3anuru xOy TeKuCJaHK- 6.5- pacm.

HUHr Bepuaral onla yH-

ra MOC Keaysuu HYKTACHHUHI TE3AUIUHW aHMKJAm GF fuya TOn®-
Aagv. xOy TeKuCauTH ailianMa fapakataa 6yiraun yuyH

v, =0 .0M;
6ynaa
OM =1V X* 4y =V r' (1 F cosmt)* + 2 (sin nl)* =

=r]/2)1+c03nt)=2rcos“-t. 4)

2
Ulynaaét Kaau6, v, = - OM = 2w cos = £.

v, Bektopy OM ra nepnedinkyasp HA¥HAAraH. ©, BEKTOPHM
Ox Ba Oy ygaap 6¥iinua Tauikua 3TyBYK/IApra axpaTué &3aMm3:

-— -

Vo = Ve, b+ 0p,/ =708t — v, 008a - /,

6.5- pacmnanu:

e A
; X r (1 T
cosa:cos(OM. [l= 2 ordxcosm) os Ty )
oM n 2
2f(0.,"7t
2 | 5)
. : ; (
e ine n
cos?=cos(OM, /)=~—"' =~ reinst sin X g,
oM x 2
2r cos — ¢
2 ]

Bynu svtubopra oJcak,
-~ ! ng

v, = 2nr Cos sin'_'? 2rrcosnt cos— J
¢ 2 2 2 2

7—~5955 97
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&xn

t)r=TCfSinTtl-£""~ ﬁr(1+COSﬁi)7 (6)

xocua Gynanu,
(3) Ba (6) uu (2) ra Kyamua:

-
-

. - -~ —
v = —=zrsinwf . 4 4 wr cos nt cjAwrsingt i —ar. ) —

—

-
—mrcosnt - j = — xrj,

) J_‘Uyﬂﬂaﬁ KHAMG, M HyKTa Te3AHUrMHUHT MOAYAH U ==nr 6Yaub,
AO_y YKK@ [apanjes pPaBHila YHUHI MaH(HA fyuandiin TOMOH
 AYHaAraW sKkau.

Kyuupma xapaxat ailnana 6yina6 xapakat G6yJrauu yuyH, M
‘HyK1anuHr aécoaior tesnaynwu Kopuoauc reopemacunan ¢oina-
Jannd anukaaganu;

-~ - -

w =wr .{- w5+wk' (7)

Byunaru HucOuft Tte3nauduwtnu (6.10) cdopmynara GuHOAH aHHK-
SaAMu3;

E,= ;71 ;;7= —mrcoswt - i — wirsinmt - ). (8)
M uykTanusr kyuupMma xapaxaTd y3rapmac Oypuax TesaAuk Ou/aan
coaup Oyaranu yuyyd ;u:e=z;f Ba 6y Bextop M nygraran MO
6Vitna6 aitnanni KU TOMOH MYyHaAAran Xamja w:=u)3- OM.
(4) uu pTHOOpra 0JCaK,
w,=w, = 2a’r cos %t

- ~

U, Fa yXwam w, HY XaM X, y yxaap Oyfinua TaWK@AaA 3ITYBUM-
J3pTa axpaTamus:

- R d - — '.9
w,=w, i + @, ) =—w,co80 ¢ —w,cos3B- /.
(5) nu swTHGOPra oacak,
- ! e y at ., w7
W, = —28%r C0S — - COS— + { — 2x’rcos— - sin— - j
¢ 2 2 2 2
éxn
w,= —=r (1 +coswf) - i —=’rsin . xnf j (9)

Xocua 6yaand. )
Kopuoanc Tesrasmmunu (6.14) dopmynanan andkaaimus. Ky-
yupma xapaxkar Oz arpoduia CoaT CTpesKacy adaHuwura Moc

- -

KeJAraHu Y4yH, ®,= BeKTOPH WYy JKHWHF HAYHAIUILNIE, ABHH
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X 6upauK BeKTOp uyuanumnra Kapama-Kapuin AyHaaran; y xog-

-

aa: ©,= —o K= —nk. .
LUynuHr Y4yH
;v: =2 wj X 5: = — 2—::_;;>< (— resin«t -7—{— rwcoszt-7;;
6ynua % X 7=7 ;7>< -j’= — ?6y.rlranuﬂaﬂ
'&:’,‘ = 2=’r (sin wt7+ cos nt-T). (10y..

(8), (9), {10) udonanapuy (7) ra k¥ Ano6, xocHa 6yaran MyHocadathu.
nxuamnacax,

-

-
w= —=x%ri
keaub uynxanu. Hemax, M HyKTa Te3NaHHUWHHUHF MOAYJH wW==’r

ra tenr O6yau3, @w Bektopn OX YKKa napaajes paBUUIAA YHHHT
OUpANK BeKTOpUra KapaMa-Kapwu HyHaarad sxa,

19 macana. A nygracmga T9Fpu Oypuax Ouaan sruaran OAB
CTepeHb pacM TeKHCAWrura nepnedaukyaap 6yarau sa O Hyyra-

RaH yTysau VK atpoduaa apnanus, R =042 paguycan éi
wag/apaa ruaray Kyaraamac £0 crepxens 6y#aa26 M xaaxanu
xapacarra keardpaad (6.6- pacm, a). OAB Ba CD crepxenaap
Oup TexHCAMKAA KOHNALITaH. OAB c1epxennunr A nykracn O,
ycTura TymraH nafiraa, Gy cTepxenb o, =2¢' Oypuak Te3.nk,
g, =2¢7* 6ypqax Te3dqanuu OuaH c0aT CTPEesKacH xapaxamra
TeCKapu fAYHAaAumAA CeKWHIdHYBYAH aftllaHMa XxapakaT KUJAaAu
nebd, M HyKTaHuHr wy nafitaarn adconior Teaaury, abcoaioT Te:-
aapuin xamaa OAB crepwenra nuc6aTan HUCOMH Te3/adrd Ba
HHCOM{ T€3JaHHWHM TONHACHH.

6.¢- pacu,

www.ziyouz.
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p Eynwi. A nykra O, 6uaan ycTMa-yct iyioran easust 6.6- pacu
S Aa Tacsupaanran. M wykrauunr gysraamac CLD ctepkenra HuC-
aTaH xapakatu abcoarT, OAB crepikenp OuaaH Gupraiukia

afaannwn  kyyupma, OAB crepmenb 6yit i
AapaAnD. p y#sab xapakaTd HucOuit

Tesx.mmapnn Kyuwnw Teopemacura kypa M HyxTa Te3NUTHHM
aHUKIaAMH3: '

P —,

-
- v =7,+7,
v a6conioT Te3auk Bektopd COD &iira M wykrana YTKasuara

ypanjq 6y#uua, v, Kyunpma Tesaux BekTepu O aTpopuaa ajiaa-
HHI ByHaaumura moc paBuiwga OAM ra yTka3uArad nepredau-

-—

Kyaap, o, HuCOult Te3aux BekTOpu 3ca AB crepxeHb 6Oyiinad

- — -—

wynaarau. Byaapnu anTuGopra osu6, Tomon.aapu v, Ba v, NHa-
-

ronanu v 6yarau KLMN napannenorpamm xypamus; GyHaa Ky-

YUpMa TE3JIHK MHKJLOPH

v, =0,  OM =0, . R = 1,60 m/c ra Tenr.

c0s45°
Tyrpu Gypuaxan KLM yudypuaxia KML = 45° OyaraHufan:
v=1,c0845° = 1,60 - 0,707 = 1,13 m/c.
KLM teur éuau yubypuaxk Gyaranu (6ypaakaapura Kypa) yuyH
v, =v=1,13 M/cC.

Duau M unyxTa Te3NaHULIAPHHM aHUKJAALIrA ¥TaMH3.
M nygranuur aGconior xapakatu O, Mapkasiu aiinana 6yinad
Xxapaxat OyJarany yuyH yHHHr aGCoJ0T Te3NaHuily

-—

— W, + @ (1)
2 »?

popmynanan anugrasaau (6.6- pacm, 0). (1) na w,= '-;— ==

= 2,24 i‘ Ba :c_e;,, Bekrop M man ajinana mapkasu O, TOMOH
ﬁ}"fHanraici; M wuygra aGCOMIOT TE3NUrH MUKAOPHHMHC ¥3rapuul
KOHYHHY HOMabayM OyaAranu yuys "‘“’:‘f dopmynanau Golna-
JIaHa 0JMaiiMu3. M HYKTaHHHT XapakaTHHW TeananyBduad AeG da-

— -
Pa3 Kuiul, @, BEKTOpHM U 6Yyfinua #yHaATHpaMUS, W. HU aHUK-
snam yuyn Kopuoauc teopemacu (6.13) pan ¢odnananamus:

—'._ - - -, -, ‘ —
W=EW, 4+ W, W, W, W
(1) Hu abrubopra oJcak, Kyiularu Xocua Oy./nanu:
- — — - - — e
w, + = w,+ W, +w, + @, + @, (2)
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HyxTtauunr HUCOMH Xxapakath TYFpU 4YHUSWK/AW OF/Arand yuyH

};{’ =0; wyHra Kypa w,=;" 6yaub6, Oy BeKTOPHHM HYKTAHHHT
nucOufi XapakaTHHM Te3djanyBuaH neb dapas Kuaub, Hucbui
Tesuk BEKTOPH Oyfnua AyHAaJTHPAMU3.

(2) nmarm 'wf Ba ,w: Kyfuaaruya tonuaanaf:

" 2 xR 2 o —y . -
w, =w - OM = ml.cos15°_3'2 M/Ct, @ =¢2, OM =
_—_-g' . R =1,6 M/C2.

cos 45

-

w' Bextop M nyxragaw O afinaumm mapxasura Kapa6 fynana-

-
AM; KyuMpMa Xapakar CeKuHJAaHyBuaH GYarand Tydaian w; BeK-

—

TOp v, BEKTOPra Kapuu AyHananu.
w, BEKTOP pacM Te«ucnnmra nepneHAHKyAsp paBuilia yKyBs
4H TOMOHTIa xapaé HyHaJ'laﬂ.H v 3Ca pacM TeKHCAUTHAAa XOoHJall-

raH; AeMak, w Ba 1) BeKTopJapu opacupard Gypuax 90° ra renr.
(6.15) q)opmy.rlara kypa Kopuo/auc Te3naHdMHY aHUKAAAMUS:

w, = 20,7,sin90° = 4,52 m/c%
(2) udbonanarn Koaran MKKH BeKTOP MUKAOPJAPU ®_ Ba W, HU M,

Ba M, yxnapra 1wy BeKTOP TEHINAMaHM NpOEKUHUAAW GuaaH
AHUKJIaAMHU3:

—w_ = w, cos 45° 4w’ cos 45° — w,, (3)

—w, =W, — W, cos 45° + W’ cos 45°. &)

(3) reursmamanan w_=1,13 g (4) Tewrnamagan w, = —1,13 —’:
- Cc

Keanb 4yuKaau.
HucOuit Tesnanvwnunr Manpuil pmopa GUaaH YUKHUILH HucOui
X4DaKaTHUHI TE€3/aHyBYaH 3Mac, OaiKH CeKHHJaHYBYAHIUTH,

W, BEeKTOPM pacMia Kypcatu/arad HyHaaulira Teckapu HyHaJra-
HUHHH KypcaTanH.

—

Suau (1) reomeTpuk HHUFMHAMIA Kypa @ — a3COJIOT T€3JIaHHUI-
HU Tona OJaMmus:

= ]/w +w, =2,53 m/c

w BEXTOD HYyHAAMWIMHM » Oypuyax opKaad aHHKJIAAMU3:
w
p = arctg — = arctg 0,5045 = 27°.
=y
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VIl 606 KATTUK XXHCMHUHI MYPAKKAB XAPAKATH

KaTTHK XUCMHUHT MYpaKKaG xXapakaTun¥ WKKH XHJ yCyaAa
yPranuu MyMKuH. BUDHUHYH yCyala >KHCMHHHT Ky3raJyBYH CHC-
Temara HucOATaH XapaKaTHHH XaMla KY3FaAyBYW CUCTEMAHHHT
Ky3raaMac cucremara HucGaTaH XapaxaTuHu Guiarad XOAaa >XHCM
MXTHEDUA HYKTacHHMHT abCO/MIOT XapakaTu Ba Oy xapakariard
Te3nuk, Ttednanuw (6.3), (6.8), (6.12) myHocaGarnap acocuna TO-
nuaasu.

Mkkunuu ycys 6upMyHua kyaail 6yauc, 6yHAa KUCMHUHL KY-
uMpMa Ba HUCOWA xapakartiiapuHu OMATAH XO0J14a YHHHC abCOJioT
XapakaTH Kauna# OyJHIIM aHUKAAHAAH. AGCOMIOT Xapakar MabjayM
6ysarau, 6y xapakat Typura Kapa® XHCM MXTUEDHH HYKTACHHHHT
TE3/INTH, TE3NAHWLINHY AHMKJAAW Mymxnn Oyaaan, O6yHaa abccaioT
X4pAaKaTHUHT OHMi OypuYak TEe3JUrd Ba OHUHA O6ypuak Te3JaHHUIWHU

-

aHUKJA acocuii mMacana Oyaub KoJaAad, UYYHOHYH ® Ba & Mab-
JyM OyJATaHAa XHCM UXTHEPHH HYKTACHHUUT Te3JIUrH, Te3NaHu-
IWWHA aHUKAAW Macaganapu 20, 21-§ aapaan Gusra aéu.

KucmuuHr xaM kyuyupma, xaMm HucOMii XxapakaTH WarapuJama
Xapawar, WYyHHHTIEK, KYyuWpma Ba HUCOMA Xapaxartjapu y3apo
napaanen éxu KeCawlyBuu Vyxaap arpodunard ailnagma xapaxar
6yaram XoJasap amaaaa Kyn ydpaiaurad xoasapaup. Axa iy
XOJ/IaPHU KYpPHO yuKamus.

26- §. JXMCMHUHT HJArapuaaMa XapaKaTJapuHH K{

Kattug wucm Oxyz Ky3FaayBud KOOPAMHATANAP CHCTEMACHTE

-
gucGatan v, Te3AMK OuAaH uiarapunama xapaxaraa Gyacuu. Iy
onaan 6up Baktaa Oxyz woopaunaraaap cucremacH O,x,¥,2, Ky3-

FaJMac KOOpAUHATAJap cuCTreMacura rucbaTaH v, Te3auk Ouaan
uarapunama xapaxat xwicuu (7.1-pacm). Y X041a KHUCMHHUHT HJ-
rapujamMa XapakaTHia OWA Teope-
mara OHHoan, xucM 6apya HyK-
TAJapHHUHT, WY XYMAQAAH HX-
THEépuit M HYKTaCHHUHT Kyuupma

-

Te3JMrH U, =Ty, HUCOHI Te3auru

aca v, = v, Oysanu.

Teannknapuu Kymum Teopema-
CHra Kypa #HUCM M HYKTACHHHHT
a0COJNIOT TEe3ANUrU

—_ - — - —

V=v,+v,=1-+1 {7.1)

M)

" ¥
’ TEHrJAHK ©OWJaH  anugKJaragu. M
i HYKT2 MHCMHHHT HXTHEDHH HYK-
Tacu 6yaranu yuys, (7.1) aan xy-
7.1- pacu. pamusku, xucMm Oapua nyyTana-
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pu O6up xua a6coMOT Tea/HKKa 3ra OyaanH, sbHH JKHCMHHHT a6-
COJIIOT XapakaTh wirapujama xapaxar OyJaagu.

Wyuaaft Kuaub, xfzupma 6a nucOuil xapakamiaapyi wiapu-
AAMA  XaAparam 6§Aan HCUCMHUKHEZ ABCOAOM XAPAKamy xXam
unreapusrama xapaxam 6yanl, xHucsa xap Oup HYKMACUHUHZ
abcoaom me3auzu KYy4upma 6a HucOull me3AuKAAPHUHZ 2e0-
MEeMmpur Gurunoucuza mewe. !

27- §. IHCMHHAT KeCHIUYBYH YKJIap arpocuiart
afilaHMa XapakaTiapuHU Kyiun

-

Kucem Oxyz cucremara nucbaran OGupop Oz §x arpoduia o,
6ypuak Te3quK Guaad ainanMma xapakat xuiacuH (7.2-pacm), Oxyz
CUCTeMaHHHT y3u 3ca Gupop Ky3raamac O,x,y,2, cacTemMara Huc-

6atan O,z, yx arpoduia w, Oypuak Te3auk Guaad ainann6, Oz
Ba U;2, yKaap 6upop P nyxraga xecuiucun (P HygTa TeKIMPH-
Na&TraH XUCMra Teruuau OYAMacaHrd XaM MyMiuu). 2Kucm Onp
fiyAa HKKH aii1anMa XapakaT[a HHiTUPOK 3rtaaurtd., YJaapaad OupH

Pz yk atpopuna o, 6ypuar Te3auk OuIaH coaup 6yaa€Tran Huc-

-
Oufi xapaxaT, MKKMHYUCU dCa P2, VK arpoduia w, 6ypuaK Te3JHK
Ounan coaup OYJaéTram KyuupMma XapakaTAHp. ¥ 3-Y3ulaH Das-
IUAHKH, P HYKTAHHHC Te3AuCH HoJra TeHr, By xoana wxucsnune
abcorwm xapaxamn P ayymadan ymyedun 6upop P8 onui jx
ampogudazu OHWIL AUAAHMA XAPAKAN IKAHAUZUKI KIpeamamus,
ByHUHr yuyH XNCMAA Te3Aury afiuu naltaa woJara TeHr 6yaran
MKKMRYHM GUP HYKTAa MaBXYLJIMCHHE Kypcatuil Kupos. Bypuak
- -

TE3JHK BEKTOPH CU/KYBYHM BEKTOP OY/AraHu Yu4yH w, BA w, BeK-
ropaapud P Hyktara kyuupu6, 6y Bektopaapra PDCE napanne-
jgorpamym Kypamus. Xocua 6§aranH C HYKTAHNHT TE3JAUTH afiH®
nafTga HOJAra TeHr OYJIMIUMHM HC-
6oraaiiMu3. C HYKTaHHHT HUCOHI
X4apaKaTAard YU3HKAM Te3/MUK BeK-

-~

TOpH v, Ba KyyupMma xapaxar-
4

LATH  YUBUKJAN TE3JUK BEKTOPH
Ve, PDCE mapannenorpamm Te-
e

KHCAHCHra NepneH auKyJaap paBHml«
na Gup-6upura Kapama-gapud fy-
HaJAraw OyJaub, MOLYJMIapH MOC
pasnmaa

— r,
Vs, = CD" - 0, =25 ppes

v, =CE - w,=28
<, ¢ =23 prc 7.2- pacw,
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TenraukAap 6unan udopananamu. Bynna S,pn0=S,pp. OVaranu

— -—
YUyH v, = —v, 3KkaH. Tesnukaapuu KYWH XaKHUAArH Teope-
7 L)
Mara acocaH:

— - —_

Vo=V, — 0. =0
¢~ Y, c,

Oysnanv. [lemak, C HYKTaHUHr afiH{ nadTAarK Te3JurH HOMb G-
Jany.

Ulyvnait kuau6, P Ba C HyKrasap opkaaiu yryeuu PL yxnaru
6apua HyKTaNapWHUHT OHKH Te3auKJApH HoJTra TeHr Ba PR yx
JKUCMHHHT alJaHull OHUHE VKHAAH HOOparT.

Kucmuunr abcosmorT Xxapaxkatuaard abcoJoT Oypuak Tessuk

-

BEKTOPH ® HYU aHugAaliMu3. M IKUCMHUHT uxmépuﬁ HYKTacH
6¢acun. M HyKTanum P nykTa Ouaau TyTaanpu6 r BeKTopx-m X0

cua Kuaamus, M HyKTaHuHr aGcoqioT Testm D=0 >< r, gucobuit
—_ - -
TEe3JUTH T, ==w, X r Ba KY4YUpMa Te3/uru ”Ue= u>2>< r dQopwmyaa-
-

- —
Japras avugaasanu. Jlexnd v=wv, | v, 6yJranu yuyH

- e - - -— - — — ->
o X7 =0 X1+, Xr={(o 4 uv,)Xr.
By rteHrauknan gyiiunaru xeaub uMKadH.

—

© =, + o, (7.9)

Wynnalt xutu6, kecuwysin yxaap ampogudaen alkiarma
XApakamAapHit Kywuul aiAaruw OHulL YK ampogudazn OHU
alinanMa Xapakamea rkeamupuanb, 0y abcorom XapaxamHune
Oypearx mesaurx 6eKmopu HUCOUL 8a KYLUPMA XAPAKAMOARU
GYPUAK ME3AUK 8EKMOPAAPURILHL 2E0MEMPUK MUFUHCHUCURA MENL.
VYMywman, xucM OHp HYKTala KeCHUYBUM A Ta yKJAap arpoduia

O, Oy ..., u) Oypuak Te3aukaap O6unad afiaHma xapakar KHiaca,
abcoJoT 6ypqal< Te3/MK BeKTOpU YJADHUHT HUFUHAMCHTA TEHT
Oyaanu;

- —

=0+ 0 ...+ o,

20- macagaa. Cyusuit éiyanow (Ep mapkasu 6uaan Oupra ,Kys-
FaiMac* 104ay3napra HUCOATaH MJATApUIaMa XapaxKarT KHJAYBYH KO-
opaunaTtanap cucremacyra HucbataH) v = 7,8 KM/C Te3IuK OHAAH
Epnunr aénanum fiynaaumuna Ep arpoduna noupaBuiél opbura
6yitna6 adianagu (/ 3- pacw). Ep pagdycu R = 6370 kM, opGura
f6asannanru £ =230 kM, op6uTa TEKUCJUTH 3KBATOP TEKHC/IUIH
Ounan §==51° O6ypuak Tamkua 3ragn Aeb, fAyasownunr Epra
nucHataH 6ypuak Te3JqUrd TOMNHJICHUH.

Eunwt. Cynbuit fiyafgowHudr v Te3anx Ouaan xapakatu abco-
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Al0T xapaxart, Ep OGunan OGupra-
AHUKAArH alJaryiM Kyudpma Xa-
paxar, Epra nuc6atau xapaxaru
HucHbuil xapakaTaad ubopar naeb
KapaidMua. ¥ xoaaa Kyyupma xa-
paxkar Oypuyak Tesauru Epauur y3
yKu arpoduaa adnannuaary 6yp-
uaK Tea/]nKIAaH noopar:

PR— _.____QR__C-'._
£ T 94,3600
=727 - 107° ¢\, (1)

o, Bextopu Epsnur SN afinanuiu
YKy 6yiinab fiyaaaran.
Mynaowsuur abcooT Tesan- 7.3- pacu,
m v=o0|{R-- H) ra teur. bBynu-
naH abcoioT XapakarT Oypuak TEe3JHICUHU aHUKAAAMU3I:
v -
= 118,18 - 107 ¢,
R+
Mynnomnunr LL opbuta texucauru W W sksatop Tekucauru Gu-
Ja § Oypuyak TaIIKuA 3TraHn yuyH abco/oT xapaxar Oypuak

W =

teanauru sexTopd o SN yK Guiad wy § Gypuak XOCHUA KHAALH.
(7.2) dopmysara xypa

=wg -r U)'.
LGP
Bynnan doinananud, aHUKABHTaH ©, w, BEKTOPJAAPra MOC KeayBuu
>~
OABC napanjiesorpamMm Kypamus (» —napainenorpaMmm AuaroHa-
a4, ®, — YHAHT OUp TOMOHH OFJAHWH KePax).

-

OABC napaaaenorpammuunr OB TomMoHM w, Hu udogasaiiiu.
Kocuuycnap teopemacura kypa OBC yubypuaxknan OF =, nu
AHUKAaAMU3:

,=]/m:+m“’——2wewcosb=

22 bt -5 =t
=1/ (- ) — =B =113,75- 107 ¢,

° "\R+H R+H
W Bg w, BEKTOPAADHHUHHT 3KBaTop Texuc/auryaaru npoexKnusaapu-

HUHF TEHTAHTH PacMAad Kypuuus TypuCau:
~AN

®cos (90° — B) = w, cos {o,, \X/_'W).

By TeHrauxaaH w, BeKTODMHMHI 3KBATOP TeKucauru Ousaay Tail-
KHA KUJAraH G6ypuardHu aHHKAadMus:

> o sin B —~A e °
cos (o, WW) =238 _08074, (@, WW)= 36°
©r
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28- §. JKucMHHHT napaijen yKiap atpoduiary
afnaHMa XapaKaTAapHHH Kyuiuin

-

XKuem Oxyz cuctemara uuc6atan Oz §x atpopuna o, 6ypuak
Te3/uKk OusaH ailanMa Xapakataa 6yiacud (7.4- pacm). Oxyz cuc-
TeMa 3Ca my BAaKTHUHI ¥3ula Kysraamac O,x,y,2, cucTemara HUC-

6aran Oz yxka napaasen G6yaran O,2, yK arpoduna w, Oypuak
Te3JMK Ousad aiNaHCHH. ¥ X0oa4a wHCM UXTHEpUA M HyKTacu-
HHHT TE3JIMTH TE3JUKAADHH KYyWHMLI TeopemacHra Kypa Kyiuna-
rH4ya aHUKJAAHAAU:

- _— .

V=10, 7,

Bynna HykTaHMHr Kyunpma Ba wuc6uil Teaaukaapu O,z, Ba Oz
YK/1apHUra nepneHmuKyaAap TEKHCAHKAA €TTaHM YuyH YHHHT a6co-
JIOT TE3JUrM XaM Iy TeKuCauxaa &éragu. M — KUCMHUHT UXTHE-
PHH HYKT4CHAMDP; A€MAK, XMUCMHHHF xamma Hykraaapu O,2, yKKa
nepneHaukyaap 6yaraw O,x,y, TEKUCJAUKKA [APAJIEN TEKUCINK-
Japia xapaxkarjiaHaiM, AbHM Oy X0J1a KUCMHHHr abCcoaloT xapa-
KaTd TeKUC napajjen xapakarra keatupunagu. H{UCMHUHT Tekuc
napajanes xapakaTd4HH Te3/JMKAAp OHWi MapkasuidaH YTyBud alqa-
HUW OHHMH KM aTpodujia alinanma xapakat ne® Kapauwl MYMKHH
aau. Wlynnai guau6, Kyduaran MacasaHy xaa KuJulul  aiaanuul
OHMH YKHHHUHI XOJATHHH AaHUKJaWl BA WY OHUHA YK arpoduiuaru
a0CoO/IIOT XapaKaTHHHI OHMM OypuYaK Te3/MCHHU aHHKJAIITA KeJ-
THpuAany. ANlJaHuIl OHMHl VKUHWHT Xo0JaTy a16a1Ta KyuupMma Ba
HUCOMA XapaxaT/JapHHHr afaHdm fyHanmwura Gorauk. Bynna
KYAHAArd ydu X0 OYJUIIM MYMKUH:

— —

[} w, Ba ®, BexTOp/apu Gup XU AyHAAMIWITA 3Ta, ABHU KY4up-
Ma Ba HHUCOH{I XapaxkaT/apHUHT aiiaHuW HYHaAHwaapd Oup xua;

P4

;
v

77
/.

O
S LA \:\ .-‘E/‘

/”/ 4
4,
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— —

2) w, Ba ©, BEKTOPJAapU KapaMma- Kapld TOMOHra Hysa/nrad 6y-
au6, MUKAOPJAPH TEHT 3IMAaC;

3) @, BA w, MHKAOpJapy TEHI BA aHTUmapaJsJes AyHaaraH XoJ.

Xap yuaJaa XOaHH aJ0XHla- al0XHaa KypuO u4uKaMus.

1. [lapaaser yxaap ampoguoa 6up xua nLyHaruwoazy at-
AQHMQ XQpaKamAQpHi KYutuul.

Kyuupma Ba Huc6uil xapakataap Moc pasuiaa 2, Ba Oz yx-
JapHuHr Myc6aT yuuaaH Kaparad/ja coar CTPeJKacH alJaHuILura
TecKapu HyHaaulngary afinauMa xapakataapAad ubopat Oy.JcuH.
A#inanumn ouuft yxu P muur 0,2z, €xu Oz ygaapra napaanen
GYy/KIIM PABIUAH; WYHUHT YUyH A~ HYKT4 XOJaTUHH TONHUI KudOos.

Kucempa Ogx;y, Tekucaukka mapajjien TEKUCIWK YTKasuiu Ha-
THXACHAA YHIA Xocua O6yarad texuc waxaun S, 6y Tekuc waka
6unan Oz Ba Oz, VK/JIapHUHT KECHUIHII HYKTaJapH MOC paBHILLA
A Ba B 6yacud (7.4-pacm). ¥ xoana A Ba B HyKTaJapHUHT Te3-

JHUTH
v, =uw, AB, (7.3)
v,=w, - AB (7.4)

- —
TEHFJINKAAp OU/dH aHUKAAHuO, U, BA Vg BEKTOPAAp Y3apo napan-

Jes, Kapama- Kkapiiu ToMoura Hyuaaran. Tesaux/Jap OHHIl Mapka-
3UHM aHUKJall Kouzacura Kypa, Oy xoaxa P Hykta AB kecma

Ed

-
6unan v, Ba "'y BeKTOpPJAp YyuJaapuuu TyTamtupysun CD tyrpu
YU3MKHUHT KeCHLINI HyKTacHaa Oyaanu. AGCOAOT xapakar Ouuil
—
OypuyaK Te3JWIruHH o Jecak,
v,=w-PA vg=0-PB

ypuHan Gyaaau. Byaapuu (7.3) Ba (7.4) ra xysamus:

w-PA=o,- AB, (7.9)
0+ PB=o, AB. (7.6)
(7.5) Ba (7.6) udonanapun xaama-xan O¥.acak,
PA ®
— == 7.7
PB w, (7.7)

keau6 uukann. (7.7) nan P nygra x0sa1u aHUKJAHALH.
(7.5) Ba (7.6) uu xanma-xad Kywa#auk:

® (PA -+ PB)= (o, + o) - AB

eKn
=040, (7.8)

(7.8) nan a6comor XaPAKATHUHT OHUA Oypyak Te3JUI'H aHUK/A-
Hanu.

ynnast xuau6, naparsrer yxaap ampoduoa rucmrune Oup
XUA LYHaAuwOaz QiAQHMA XAPAKAMAGPY Wy YKAQAPQ nApALs
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sen 0Yn2an, xoaamu (7.7) meHeauk OUAAH QHUKAAHYSHL Alaq-
Huoul ORUL Yxu ampogudazu OHUL AdAaHMA xapaxkamoan uHo-
pam; 6y abcoarom xapaxamHuune OHUl Gypiax mes3auzu Ky4up-
Ma 8a Hucbuil xapaxamaap Oypiax MeE3AUKAAPUHUHZ aplPue
muk furunoucuza meHe.

Arap xucM n Ta napaajnes yxaap arpodpuia 6up TOMOHra

-_ - -

AyHaJAran oy, o, ..., m, Oypyak Te3jaukaap O6unan aiNanMa xa-
pakaraa 6yaca, aGCOMIOT XapakaTHUHT OHUI 6ypuaK Te3auru yJaap-
HUHI HUFUHAMCHTA TeHr OyJanu:

o=uv+o,+...+to,.

2. Bypiak mesaukaapu MuKoop IHuxamoaw mewe Ojamail,
Kapama- gapwn mMoOMOHea UGYHAAZAH QRAAHMA XAPAKAMAAPHI
Kyunur, dKnemunnr Hucbuil xapakaty Oz YKHUHT Myc6aT yuujpaH
KaparaHaa coar cTpeakacu apnannmu OYiinya, xyuwupma Xapaxar
s3ca 0,2, YKHAET MycOaT YyuuWjaaH Kaparasia coaTr CTpeJKacy Xa-
pakaTura Teckapd #iyHaiumLa xaMmila w, > w, 6YscuH (7.5-pacwm).

Dy xoaza xaMm aBBajrh l- XONBArH CHHIADPY MYyJ04a3anap opu-
TUO, scucmuunz abcoaiom xapaxkamu P ryxmaoan ymysun PR
altaanuu OHUL Yxu ampogudazn OHUL afdaanma Xapaxamdax
ubopam Gyawwunt, 6y OHLE alirawma xXapaxam Gypiak mesri-
2 kysupma 8a Hucbul xapaxamaap O0Ypiax mMeE3ILUKAAPUHUHE
aneebpaur QUFUHOUCHZA MEHZAUUKIL, SHBHH ©= 0, — ®, KAHIH-
THHU UCOOM KUALW MYMKUH, alliaHuul OHIIL YKUHUHZ XOoaamu
(7) meneaur Guran anuxsanubd, P Hyxma AB opaauxda 3mac,
Oarxu xalicn xapaxamuure 6ypuax mesauzit kamma 0yaca, uLy
momornda AB wrecma mawxapucuoa acoiramadu. AGcoaoT xapa-
KaTHUHI Oypuak T3, HrH, OepuJrad afinaruir Yxaapura mapasnnen
pasuiifia, 6ypyak Tesaauru karra 6y.araH xapakaTHUHr Oypuak Te3-
JUTH BEKTOpHra Moc fiyuHanann.




3. bBypuax me3aurxaapu 2,

MUKOOP  JHCUXQAMOAH MEH:.
AYHAAUWMAGPE — RAPAAAEA, ¢ g
Kapama - Kapue  mOMOHz2a \
QUAARYELU  XAPAKAM AAPHU /
Kywuur, By X013 KHCMHHHT 8 A
a6coMOT XAapakaTHHH aHHK- Lo
Jawr yuys S Texuc wakJaja- X
rH nxtuépuii M HyKTauuur , > o /
TE3JUrHHU anugaaimMus (7.6- K s

pacm). TessugaapHu KYwnu ~—

SN/
A

;
/

S

Teopemacura Kypa v, = v, -t
- .
7.6- pacm
+ o,. p
I, KyuupMa TEe3AHK MUK~

AOpH
'v‘,=MB v, (7.9)

TEHMAUK 6uAad auHKAanub, S Texuc waka Ttexucauruga MB ra

e
nepuneydauKkyaap AyHaArad. v, HWCOMH TESJIHUK MHKIAOpH
v,=MA - o, (7.10)

-
ra tTeur Ba v, L MA.
- - —

U, = U, + U, TEHIIMKKA K{DPa KYPHITaH MKL yubypuak Gunan
BMA yubypuak yxwawaup; uyskn KL | BM, KM ] MA sa
MKL=BMA. (7.9), (710) udonanapuu xamna MKL sa BMA

yubypuakaapHuHr yXWawWaurdad 3btabopra oaub, KyHHAArWHA
XOCHJ KHAaMNn3:

Bynnan
v=0,  AB. (7.11)

MKL Ba BMA yxwaw yu6ypyaknapHUHT HKKUTALaH TOMOHAADH
MOC PaBUILAA §3ap0 MNepneHiuKy.sip Ofaraun yuyn AB Ba ML

TOMOH/IAPY XaM ¥3apo nepnenankyaapaup. [Hemax, v aGconor
Te3/HK BeKTOpH AB rkecmara neprneHaukyasp. M — Tekuc maxa-
HUHL nxTUépuil HyKTacH Gyaranunad Oy Mwak.a 6apua HyKTaj apH-
HUHT a6cosoT Tezauxaapu AB ra mepnesiuKyJasap Ba MHKLOpJa-
pyu y3apo tenr. Jlemak, S keCMMHUHT, ¥3 HABOATHAA KUCMHUHT
abcomoT xapakaTtH HATapuaaMa XapakaTAan HOOpaTr aKaH.
Tapansenr yxaap ampoguda Kapama-Kapuu Lyrnaruuwoa oup
xun Oypiax mesaun Ousawu codup 6Yayequ UKKw QilAAHMA Xa-
pakum wcygm aidaanuw 0ed xam amaasaduw; (7.11) Tedraug Cu-
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& &)

S T1

1.7- pacm.

JlaH aHWKJAHYBYH U MUKAOD 3Ca JCyPm QuAauuul MOMEHMU
netnuaanu. [lyunafi kuaud, kyPr afizaHuw warapuiama xapaxar-
ra sxBuBaJeHT 6yaub, Oyndall xapaxamoaea oKucM HyKmMacu-
HUH2 me3auzu xwcyPm QUAAHUUL MOMEHMULA MEHe.

21-macana, 20- macanana CyHbuil fiyanom nonpasuit opouTa
6yfinad 3KBaToOp TEKUCAUrHAa XapakarjaHagu ned oaub, y rap6-
hau wapKka ToMOH (7.7-pacM, a) Ba apknan rapbra TOMOH
(7.7-pacM, 0) yuaérran xoanap yuyH Cynbuit éyagownuar Epra
HucHaTaH OypyaK Te3AWTd AHHKJIAHCUH.

Eunmi. Ep rapbaan mapkka Kapab ¥3 yku atpoduna afnauna-
mu; GyHIa KyuupMa XAapakaT Gypuak Te3nuru o, =7,27 - 107° ¢,

v : -5 -1
a0coI0T XapakaT 6ypyak Te3/iuru o = = 118,18 107° ¢
Xap yp R H

skanaurd 20- macasanad 6usra a€w.
Arap Cyubufi iyagow rap6aad  wapgka xapalG skBaTop Te-

- -

KHCJHrHMAA XapakarJaauca, o, o Ba Wy OWaan Oupra », BeKTOp-
JaPHHUNT AyHaauwaapy O6up xua Oyaazua. By xonaa Oup xud
fivhaanwaary ykaap arpoduiard aftnaHMa XapakaTaapHU KyIUHid-
Na xocua knaunrad (7.8} dopmynanan doitnananamus;

o0 =w,+ o.

By TenraukmaH o, =o —o,= 110,91 - 107° ¢! xocua 6ysnand.
CyHnbufl Ayan0i 3KBATOP TEKUCAWIHAA [WApKAaH Fapbra xapab

yuca, a6coqioT xapaxaT Gypuak Te3/JHK BEKTOPH o GHAaH HUCORH
-
xapakar Oypuax Te3JAHrH BeKTOpH w, Kyuyupma XapakaT Oypuax

Te3J/MK BEKTOPH w, F4 KapaMma- kapmu Hynajsanu.

By xoama k{uyupma Ba HHCOMil XapakaTaap KapaMa- Kapid
fiyHaaumna 6y/aradu yuyH abCcoqoT Xapakat 6ypyaK Te3JHrd KyiHu-
Aary4ya aHuKaaHagu:

(n=m,—u),

Byunian o, =0 4 o, =125,45 - 107° ¢! keau6 unkanm.
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CTATHKA
VIII 606. CTATUKA ACOCJIAPH

29-§. CraTHKaHMHr acocuil TylIyHYaJadpu

CratukaHuur acocuit TywyHuasnapuaan Oupu xyuaup. Mexa-
HUKQOQ uKKW €K YHOAH ODILUK HCUCMAAP Y3APO MABCUPUHUHZ
MUKOOPUL YA408ULRL Oelzunr0sdy Kammaruk Ky4 deiuradun. Kyy-
HUHE XKUCMIA TABCHDH KY4HUHZ AYHAAWWL, MUKOOpL 84 KYiu-
Auu Hygmacw 6uaaH anugaadaan. TuHu x0AaTna Typran SpkuH
HKHUCM Ky4 TaBCUPHAZ OATAH XaPaKaTHHUHT HYHAMMIOM KYUHHHT
fAynaadiunu Searunaian. KydHUHr MUKAODUHM aHUKJALIAA YHA
Ky4 Oupadrun yuyH Kabya Kuauuran 6upop Karraauk Gu/ad Tak-
KocsaHaau. Kyu >KUCMHMHr KailcH HyKTacura TtabCHp 3rCa, Wy
HYKTa KYYHWUHI KYAUAWID HYKTacu OyJalH.

llynnai kuaub, Ky BeKTOp KaTTaauk 6¥.u6, YHUHT Y3YHJU-
Td Yu3Mala MabayM MacuTabla Ky4HUHr MUKAODUHH, CTPEJAKAHHHT

AYHaaMwy 3ca Ky4uuur WyHatnudea unbopanaiinu Ba F= AB Bek-
10p OpKaJH TacBupaanaau. Hyu sexmopu 06Viuta ymrasuizax
myrpu wuszuy (CD)Y ryinune mascup 4wusuru Odeiusadu (8.1-
pacm). Kyu, onaraa, soruu arndGecugarn 6om xapdaap Gujad
Gearunavanu.

Alucmra 6up neuva F,, /':; ey F

. Kydaap Ttabcup 37Cca, Oy

-
Kyuaap tynaamu xyiszap cucmemact peimaaiu sa (£, Fa ..t )
Tap3uua GesruiaHanu,

- - - -_— - -

(Fio Foo ooy Fp) B2 (Q, Q- ..y Q) Kyunap cucTeManapu-
HUHr xap Oupu .:xuceMra Oup Xua TabCup Kypcarce, yJaap ysapo
dxsugarenm Kyuaap cacmemacu nefiuaagu, Kyunap cucremacu-
HHHT y3apO 3KBUBAJASHTIHTHHH KyHuna-

I'M KypHHHWAa é3aMu3: y/

(F.l’ ,:2! LI Y ) ,‘n) @ (‘é]s 52’ .0y Qq)'

HAzap wkywaap cucmemacn bumma
Kyiea axsugasenum Oyaca, 0y xyi Ge-
PLAan Ky4aan cuCmMeMACUHIHZ MeH?
mavscup smysuucu ceunsadi. Macaaa, 8.1 pacm.
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-

ARG i;'.,,( z R 6yaca, R — Teur Tancup 3TyBuw, F,

. -
Fy ... F, 3ca TeHr TabCHD ITYBUHHHHT MAUWKUA SMYELUNAQ~
puoup.

Bupop Kyuaap cucTemacyu TabCHpPHAA XKUCM THHY X04aTAa TYp-
ca éx¥ yHUHT Gapua HyKTasapu ysrapmac Ba OWD XHJa Te3 uK Ou-
JIaH xapakatjanca, OyHaai Kyuaap CHCTeMacH MYB03AHAMAAULZAH
EKH HOA2Q IKBUBANCHM KYLAQP CUCMEMACH NeHuNald XaMaa Kyiu-
Jary KypuHuwaa é3usanu:

(.ﬁ1’ l—::’ « vy _/-:n) wo

MysBo3anartnamran Kyu/aap CHCTeMacHHM TaIIKHJA 3TYBUM Ky4-
Aapaan OHLM KOMTaH TaIlIKUA STYBUWJIADHHH M YB03AHAMAOCKLL
Ky4 Oyaanu.

Bup Heua KUCMAAH TAWKHUJA TONraHd CUCTEMAra TabCUP 3TYBUM
KYUJapHH u4Ki Ba MAuku Kygaapea axpatum Mymxud. Cucme-
MAHL MAWKLA IMYBLU ICUCHAQAPHUKZ Y3APO MABCUP KY4AAPU
uirkw Kytaap deiunradn. Cucmemaza mascup IMysiit KYLAQP ULy
cucmema maprubuza KUPMALOUZaH ICUCMAAP OPKAAU KYAUAAH
Oy.aca, yaap mawku KyLAap Oeiuradd.

Crartukajza acocaH HMKKM XHJa Macanaa xaJa guaudaiu. Kyuaap
CHUCTeMACHHH COAJAA XOJra KeJTUpHUI CMmamuKariHz OUpUHin aco-
culy macaracudan uoopat. KuCMHUHF KydJaap CUCTeMACH Ta'bCH-
PHAATM MYBO3aHAT WIADTJAAPHHU AHUKJAAWI 3CA CMAMUKAHUHZ UK-
Kun4u acocuiy macasacuoup.

30- §. Craruka akcuomanapu

Craruka 64p Heua akcHoMasapra acoc/aaHraH.
l-axcrHoMa (MKKM KyUHHHT MYBO3aHATH XaKUAArd axcuowva):
HoucH UKKU Ky4 mascupuda mysozaramoa Oyaumin yiys Oy
Kysaap murdop rxcuxamoar mewne, Oup myrpi qusuk 06yiirabd
Kapana- kapwn AyHaszan Gysuwn 3apyp éa emapaudup (8.2-
pacm).
2-akcuoMa (MyBO3aHATJAIIYBYH KYy4JdpHH Kymum €xu afiu-
pHULI  XaKuJaaru akCHOMA): Jcucsmd KYAuiL2aw Kydgaap cucmema-
cu2a MYB03AHAMAAULAN KY4AQD CUCMEMACURW KyuLau KU YH-
darn aiiupuu OUAQH XOCUA KUAUHZAK cucmema 6epusean KyLAap
cucmemacuza dxeusarcnm 6yaadu. Ma-

—_— — -
cana, (Fy, Fq, ..., F,) — Oepuaran

kyuaap cucremacu, (Q;, Qy ..o Qp)
CHCTeMa 3Ca MyBO3aHAT/aWrad KyuJap

cuctemacu G6yacun ¥V xoana (F,, Fy,
.oy FA)W(FI, Fz, ooy Ffl' Ql! Qz"'.

8.2- pacm. LR Q,,)-
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BupuHuM Ba MKKHHYM &KCHOMAanaH KyHMAard HaTHxka keaund
YyUKalH.

l1-wartuxa. Kyqnune mukoop 8a BYHAAUULLRL Y32apMUpMaAl
V3UHUHE MAsCUp 4u3uru 0Yira0 HucMHUKE OOWUKA HYyKMacua
KY4upuuw OUAQH KY4HUHZ HCUCM20 MABCUPL Y32apMALOL.

-

He6om. XKucmuuur 6upop A Hygracura £ kyu Kyfinarang 6y.a-

>

cun (8.3- pacm). 2Kucmaa oauuraH Ba F KYYHMHT TabCHD 4u3H-

Funa étysun B uygrara wysnai (F,, F,) MyBO3aHaTJAamraH Kyu-

-

Jap CUCTEMacuHH KysMusku, Oy CUCTeMaHW Taillku/a KuayBuu F,

Ba Fy KYUIapHUHT MHKAODJAapH F KYYHHHT MHKJOPHTA TEHT, Tab-
CUp 9u3MKAapH 3ca F KYYHHHT TabCHMp UM3HFU GusaH ymyMmui 6y.-
cuH. ¥ xoana 2- akcuomara acocau: f w (F, F,, F,). Dupuuun

- -
akcuomara kKypa I Ba F, Kyunap MyBO3aHAaT/aliraH Kyuyaap CHC-
TeMaCHHH TallKUA KuJaad. YJaapuau tamaad woopamus. Hatuxkana

KUCMIa TabCUP 3TYBUM GutTa, F Kyura 3skBuBajeHT Oy.iran sa B

dykTara gyiuaran F, xkyu goaaau. Hatuxa ucGoraannu.

3-akcuoMa (Kyuaap mnapas/ienorpaMd XaKWAard akcuowa):
HCUCMHURZ Oupop Hyxmacuza gyiuszan ea Oup myFpu 4U3uK0Q
EMMaionzan UKKIL KY4HUHE MeHe MABCUp IMYSUUCU, MUKOOP 64
QyHarRW HCUXAMOAH WY KYLAQP2A KYDUAAH NAPAALEAOLPAMM-
HiLHZ Kydaap KYAuazanw HyKmadaw Ymysyy OuazoHaru OuaaH
ugpooararnadn (8.4- pacm).

DneMentap ¢u3Hka Kypcuiaad ManayMm Oyaran 6y Kouaa Kydu-
fAard reoMeTpHK TeHrJMK OuaaH udona aTuaLH:

R=F +F, (8.1)

F, Ba F, xkyusap iyraavmaapu opacujard 6ypgaxuu o Ouiad Ge-
rUJacaK, TEHT TABCHD 3ITYBUMHHHI MOJYJUHM KOCHHYCJAp Teope-
Macura acocaH TOMUIIMMU3 MYMKHH:

R=V FI+I+2FF,cosx (8.2)

8.3- pacy. 8.4- pacm.
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4-akcunoma (TabCUp Ba akc
TabCUP XaKulardh akcdoma): Xap
KaHOail mascupza yH2a MeHz 8a
oup myrpu wuzux O0yiiaab xapa-
MA-KQuiL MOMOH2Q ILYHAAZAH AKC
mascup moc xesadu. By epna
IWYyHW TabKuanab yTUll Kepakku,
YMyMaH OJraHAd, TabCUpP Ba aKC
TaBCUPHU  GeATUJA0BYH  Kydaap
6ouKa- 0omKa KHCMJIApra KY-
HBuaran O6yJaraHd yuyyH yJjap MyBO-
8.5- pacw. 3aHaTNAWraH KyuJsaap CUCTEMACHHHU
TAUWIKH KUJAMARIH.
2-uatuxka. Mysosanamoazu JcuUCMHUHE UXMUEPUD UKKU
HYKmace Oup- fupuza y3apo mexz 64 KAPAMQA- KAPULlL GYHAAAH
kKK Kyt Ouaan mascup Kuaul, 0y Ky4Aap MY803AHAMAQUIZAH
cucmemarny mawkua Kuaaduw. XakKukaTtad, 4- akcuomara acocaH
HHUCM UXTHEDHA WKKM HYKTACM OpPACHAATH TabCHP Ky4/adp y3apo
TeHr 6yqau6, Kapama- kapuwu fyHajnran 6ynaaud. 1-akcdomara aco-
CaH 3Ca, KUCM MyBo3auataa OyJaranu ydyn Oy Kkyu/nap MyBO3a-
Hartaawran 6yJaanu.
3-vatuwa. Mucmrane nysosanamu GaKam MoK KyL.1ap
Ouraneuna Oeszusranadi. XaKkuKatadH, MyBO34HATH TeKIIHUDUNAET-
ral XHUCM HYKTalapu OpPacuiard y3zpo TAbCHD Kyuaap (MUKH Kyu-
Jap) 2- HaTd:Kara acoCcad MyBO3aHATAAIIYBYM KYyuJaap CHCTEMACH=
HU TaWKWJI KuAaad, 2- akcuoMara acocaw 6y CHUCTeMaHH TyHInpuo
KONMUPUII MyMKHH. ¥ XOJAa XKUCMra TabCUp KHUJAYBUM Taulku
KyunapruHa KoJanu.
4-vartuxa. bup mexucauxoa émysin napasienr 0Janazan
yama Ky4 Y3apo MYB03AHAMAGULCE, YAAPHILHZ MABCUY LUIUKAT-
pu bup Hyxmaoda xecuuaou.

Hcebom. A,, As, A; Hygrajapra KyHUJIraH -/51, F,, F, Kyu:iap
OHp TEKHCAUKIA XKOHUMamub, YAAPHHHD Ta'bCUD UYH3BHKJIAPU y3apo
napaajen O6yamacut (8 5- pacm) Ba

_— -

(F,), Fo Fy) 00 (8.3)

mapt faxapuiacui. by yura quHnHr Ta’LCHp YU3HKJIapH OuTTa

HYKTa/la KeCHLIWILUHH UCOOoTAANMU3. F Ba F Kyuaap GUp TeKuC-
JHUK/IArH Napaanen Oyamarad KyuJap 6leFaHPlllaH VJAPHUHT Tab-
CHP YM3HKJAAPMHH AABOM 3TTWUpPCakK, anbatra OUpPOP HYKTala KeCH-

wanu; 6y Kecuumuw Hygracu O 6yacdH. 1- Haruxara OUHOAH F,
Ba 15; Kyunapuu A, Ba A, Hykrasapaan O nykrara kyuupuo0,
KyuJ/ap napa//esorpaMu akcuoMacura Kypa KyLicak, (F,, FZ) w
»w i?’lz xocua 6ynasu. ¥ xoaaa (8.3) ndona
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(ié,‘.... ﬁ3) 7 0

kypuuuwmnn onagu. Bynna R, kyy O Hyxrara gxyfuarauu yuye

1- akcuomara kypa [3 Ky4YHMHI TabCHp 4YU3WFM XaM aJjbarra O
HYKTalaH yTuliM wapr. [lemak, 6EpuIran yura KYYHHHT TabCHp
unankaapu 6utra O HykTana Kecumaau. By 4- HaTuxa yi Kyy-
HuHez MYB03AHAML Xakuoazu meopema Ned aranalu,

31-§. boraanmunap. boraanum typaapu
Ba peakunus Kywapu

JKucmrunz gaszodazu xapaxamu 0upop BYHAARUOQ HEeKAqH-
2an 6yaca, y Ooraannuoazy Exn dpKun OYAMAAH Jcucy Oelil-
aadun.’

Xapaxamuu wexn064it cabab GOFAqHLUL Oeliuaadu.

Boraaruunune scucmza KYpeamaouzan MexXaHuKx masCUpuHiL
upodanosin Kydea OOFAQHUW pearnyus Ky4u deiuaadu. Borna-
HULI XKUCM Xapakartura kadcm BYHaAMIIAa TYCKHHJAMK KuJca, pe-
aKUHA Kyun wy Aynaauilira TeCckapu TOMOH #yHajaran OyJaaiu.

CraTHKaHUHT KOHYH Ba KOWJa/JapH acoCaH 3PKHH XKHCM Y4yH
G6epusann. BoraanHwmard xxucMmra 6y KOHYH- KOWaaaap Ky/aaaHu-
JUIINAAH aBBaJ, y 3PKMH KUCM KYPHHUIINIA KeJATHPUAHIIH Ke-
pak. DyHna xy#unaru 6orsarum axcuomacudar HoinanaHuanu:
OOFAQHUILOQRI HCUCMHIL JPKUH HCUCM XO0AUQ KEAMUPUUL YLYH
YHZA MQBCLP 3MYBUU KY4AQP KQMOpUQ OOFAQHUUL PEAKYUS KY-
YuH KYuub oauu Ku@os.

Tabnarna kynunuya GOFAAHMIILATH JKUCMJAPra AYyY KeJlaMmus,
Yaapuu 3pkuH xoara Keatupulupa Oorsanull Typura Kapab, pe-
dKLMsl Ky4aapn KasHnap HyHaAraHuuM aBBaajaH Kypcara Ouauiu
MyxHM axamuarra 3ra. bornauudinaap KaTTuk Ba 3JaCTHK KHCMJaEp
BocHTacHAa Kyhiwaras Oyaumu MyMmiuu, llyaapaan aiipum 6oraa-
HMIL TypaapuHu Ba Oy OOFJnauullifga peakuusa Kyuaapu Kanjaf
fiyHaatupuaumiy OusaH TAHWIIAMMS,

1. XKucm cuaank cuptHuHr A HyKracura Tasiurad 6yJcus (8.6-
pacM). By xoama CHPT, XUCMHHHT CHPTra YTKasuarad Hopmaa
6yfinua xapakaTuHM uekJjaranu cababau, peaxuus Kyun A HygTa-
Za cuptra yTKasHaran nHopMman Oyfinua HAyHnajaaam Ba Hopmar pe-

akyus Kyiu Aeinauo, /_V.A kabu OearnnaHaiH. Arap CHAJAMK CHDPT
ypHUAA KUCM CHIIMK TeKHC/IWKKAa Oup HyKTana TasHran OyJca,
peaKkuns Kyud Uy TEKMCAMKKA TAAHY HYKTaCHAA YTKA3UATaH nep-
neHaAuKyanp 6yinad fiynanann.

2. Arap XUCM TasfHraH cupr Faaup-6yadp O6yaca (8.7- pacm),
N, nopmas peaxuus Kyuuaas TawKapu cuprra A HyKTaaa yTka-
su/aran ypunma OViiMua HyRaaAraH peakins KYWHHH XaMm Kymuu

Kepak. K, peakuus KyYHHHHI CHDTra yTKasuirad ypuuma O6yinua
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Gornamuwda
Kucm

8.6 pacm. 8.7- pacm.,

WyHasraw F,, Tawkna 3TYBUMCH HMWKATaHWII KY4Yd Iefiniaiu.
HMuwikananuw kyyu 6usad HOPMaJ peakuus Kyud y3apo

Fow=1F"N,

TEHIJIMKKA Kypa Gofsanran; OyHaa [ — aukasanuu xodpPuyu-
eHmi JNefunaaiu.

3. XKucm (6anka) ukKd EKau GypuakHHHI KAppacura €xku c1ep-
MEHHHHI YTKUp yuura A Hyxtaga Tasgurad Oy.aub, xucMm Ba GOF-
Janull opacuia uwKanavum G6Y.amaca, peakuus kyuyn A HyKrana
XKHUCMPd YTKASHAraH neprneHAnKy.asap 6yiuua dynananu (8.8-pacw,
a, 0).

4. XucMm 3nacTuk KucMmaap (un, 3aHKUP Ba X. K.) OpKanu
6orsanran Oyaca (8.9- pacm), GOF/JaHuUII peaKLsi Kydd GOFJaHUUI
Oyi1a6 #ynananu.

5. uem wapuup Bocuiacufa Gorsanran. Arap XXHCM Oupux-
THPHJI @H MKKHHYM KUCMra HucOaran OWpop YK €Ku HyKTa aTpo-
(duna afinanuiuu MyMKuH G6¥Yaca, OyHAal OOFJMAHWW  WAPHUPAL
OoFaanuw neimnany,

IllapHup vKke XapakaTJaudiln MYMKHH OyJ/ca, ¥ KYsFaaysin
waprupain 60Faanuu Aefinnand. KysranyBunm mapHup/d GOrJa-
HUil DeaKlUMs KY4yM IUaPHHPHUHF TassHY TEKHCAHIHra yTKAasu/Jran
nepneHaukyasp Gyinaé dywananu. Kysranysuu wapHupau Goraa-
Huw 8.10- pacmaarn xabu TaCBUP/A2HAAHM.

HlapHup yKu GUPHKTHPWJICAH JKHCM KYy3Faamac Oyaran xo.aa
GOoFnasuul Ky3raamac waprupan 00Faaruw fednaand, KysraaMac

APOOOSIHINY

77 Ty TIII7 /WJ VI/IIT7
a

8 8- pacm.
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ONTERPEET 7 TR T 7

LOIIIII P

8.10- pacm. 8.11- pacwm.
Z

WapHupan  OOWJAHUII  LHUAUHIAPUK
ékM cepuK wapHup OYaMIU MyM-
KUuH,

Uuaudnopuk  mapaupan  (8.11-
pacM) OOFJaHULWHHUHT PEaKLUus KydH
IaDHUD YKHUra MNeprueHAHKYAsp Te-
KHCAUKAQ Kohamaln, JeKUH YHUHT
AyHAJAMIUHHA  aBBaJjaH  KypcaTtub

6yamaiau. By xomna peakuus Ky- T e
YHHUHI §¥34p0 XaMiAd WMapHUp Ykura /

nepneHiuKkyaap GyaraH WKKuTa VK

. v 8.1¢- pacwu.
6yfinaa rtawkna aryBunaapu (X, f

Y,) oaunnanu.

Cdepuk wapnrupau Goraauuw (8.12- pacM) peaxkuus KyuWmHWHT
AYHAaMMLIMHKA Xam aBBaJAaH KypcatuG Oyamaitau; 6y xo/aa peax-
ILMsl KYURHMHT ¥3ap0 nepneHaukyasap OYarad yura YKAard Taul-

Kua srysuuaapu (X,, ¥V,, Z,) oaunanu.

6. 2KucM BasHcu3 CTepXEHb BOCUTACHIA WAPHUPJAH GOF/IaHraH
6Yacun, 2KucMHH GOrJIORYW CTEDXEHHHWHT OFHUDJUTH XKUCM OFUP-
JWIUra HUCOATan XKyjaa KHUWK Oyaub, cTepXeHb yuaapuiad Gou-
K4 HyKTajapura xeu xatnall Ky4 TabCup 3TMacCa, y 6a3Hcu3 cmep-
JCenb NeWvaand. BasHcu3 CTepxeHb peakilMs Ky4d OGOFJaHuIl
6yfivua iynanasy. DByHna CTepxeHb uy3uiaaurad Gviaca, peak-
uMa Kyuu JKHCMZAH cTepxeHb G6yiinab tawkapura (8.13- pacu, a),

J
b,
z -
? %0 2
- - A
Ay ¢ Fvr
s '&'0 /4
a J &
8,13- pacm.‘ i
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Kucuaanuran O6yaca, cTepkenn Gyiaab xucmra kapa6 (8.13- pacw,
0) fyuananu.

DBornanMwaapuuur KoaraH Typaapu 6unaH KeHUHPOK, KOHKPET
Macananap evyuilla TaHMILAMM3.

32-§. Bup HyKTara Kyfiuaran Kywiap CHUCTeMacH

— — —

Bup nyxrara xymwaran (F,, £, ..., F,) Kyuaap cucrtemacu
YUYH CTaTUKAHUHT OMPHHYM BAa WMKKUHYM MAcasanapd KaHaad xaJa
KHJAMHMWY OWlaH TanuWaMu3. AHUKAUK YYyH N =4 Oy/JCHH, b~

HH A Hykrara xViauaran F,, F,, F,, F, Kyuaap cuctemacu Gepua-
ranuaa (8.14- pacm, a), aBBas Oy KyuJapHH KYLWMWLI, ABHM COLAQ

Xoara keatupunt Ouaad wyryanaHamus, Dynudr yuyn F, Ba F,
KyunapHl napaiesiorpamM axcnomacu Oyfinua Kywu0, yaapra K-

BUBAJICHT OyJaraH I\’” KYUHU XOCUJA KUaaMus:
Rm — F, + F,.

Cyurpa 1-2:'2 Kyu Ouaau f_"; Kyura mnapaaneqorpamm Kypuo,

R, o, WW aHuK/nafiMu3:

-y — -~ — — —

R1,2,3=R1,2+F3=F1+F2+F3

Huxoar, K 6unan F, HU KYmamus:

1,2,3
.R=R1'?‘3+E=Fl+ﬁ2+i;3+F4.

Arap 6up uygrara g¥yfiuaran n ta Kyunap Gepuiarad 6y/ca, OXHp=
rH TEHMIMK Ky#duaary Kypuduwna ésuaanu:

— . . - ] -
R:F,+F,+...+F”=.\:F, (8.4)

=)

8.14- pacwm.
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Myunait xuaul, Oup nyxmaza KYAUAZAH KYLAQP CUCTEMACUHIL
Kywuw Hamudcacuoa 0y Kyiaap Oumma Kyd — mewz mascup
amysiuza Keamupuiap 3KAH:

(};h -FTQ,-- oF.,)V-R

(8 4) ra Gunoan, Oup HyKmaza KYyiuaeaw Ky4aap cucmena-
CUHUHZ MEH2 MABCUP IMYBLUCH MAUWKUA IMYSLU K YLAQPHILHE
zeomempur durunoucuza menz 0yaub, y MasKyp kyiiap Ky-
funean Hyxmaza Kynuazan 6yaaou.

Bup nykrara gyhuaraH Kyq/aap CHUCTeMacHHM KyuIdllaa napadg-
JIeN0rpaMM  yCyJu VDHHTE BEKTOPAApPHH KYwuumaaru yubypuax
ycyaunan xam  dofiaananuim Mymkud. Bysusr ydyw O uygrara

Ky#uarau F1 kyunuur A yuura (8.14- pacm, 6) F, Ky4YHU y3ura
TeHr Ba napaJjjen Kuinb Kyamus, cynrpa 0y Kyu yuu B HygTara
Fs Ky4HH, HUXO0AT, Fy Kyunuar C yuwura ;54 KY4HH KY#ub, Gow-
aauFny O HyKTaHH F: KkyuHudr D yun 6usaH TyTawiTHpum HATH-

Kacuaa R TeHr TabCup 3TYBUMHM XOCHJ Kuaamu3. Kyusapuu yu-
Oypuak ycyan Gujan kywumiga xocua 6yaran OABC xyn6ypuax
Ky4 kynbypuazu nefnaand. Arap Kyuy kynGypuaruaa Kyu CTpeJka-
Japu KeTma-KeT Hynaaran OyJaca, y énux Ky4 wkynbypiaezun neiiu-

JNanH.
(8.4) uponann Hexapr KoopanHata YKAApUra npPOEKIAANARINK:

n n n
RI=ZFU;, Ry:EF,y, Rz=2Fiz- (8.5)
i=1 =1 =1

Arap 6up HyxTara KyAMATaH KY4JapHUHT KOODAUHATA YKJapH-
Jaru npoekuusaapu F., Fy, F;, aung 6yaca, 6ynnaii kyuaap cuc-
TEMaCH TEHT TALCUP STYBUMCHHUHI KOOPAMHATA YKAAPUAATH MpO-
exuuanapu K. R,, R, (8.5) topmynasap GunaH aHAKAGHUILYE MYM-
KHH. ¥ XOaJ4a TeHr TABCUP 3TYBYM MOLYJH

R=) R+ R+ R =

/" n’ ) ’ n‘ 9 n‘ \ 2
=V (36 +(3 7)) HIE) e
N / d=1 / te=] /
¢opmynanas, dyHaaumu aca
cos(ﬁ,ﬁf);R—‘, COS(§A3= —2, cos (E,AE5= L (8.7)
R R R

AyHanTHpyBuu KOCHHYCJIap OpKaJH arkKJaHaau. KyuHd koopau-
HaTa YKJ4puAard MPOEKLMUsJaPHTa Kypa aHHKAALIra KY4HIL AHAAUL-
mux ycyada anuxasqwe pedwnand. bup HyKmaza KYiusan xyt-
Adp cucmemacuHure meHz mawscup Imysiucunu (8.6) Ba (8.7)
dopmynanap acocuaa aHMKAAW YHH AHAALMUK YCYAOQ QHUKAQUL
Aeduaanu,
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Arap Oup HyKTara KYHMATdH Ky4aap CUCTEMACH TabCHPHUAArH
KHCM MyBO3gnaraa Oy.aca, Oy KyusaapHu Kyuw.ak, R =0 keaus

YMKAAM Ba akcuH4a, KR =1() OyJaca, Cepuaran Kyujap CHCTEMACH
MYBO3aHATAAIUYBYM Kyduaap CHUCTEMaCHHR TAlIKMA 3T7244. By Xoa-
na (8.4) nan

VL

VF =0 (8.8)

~

Keanb6 uukaanu. (8.8} O6up wHykrara Kyluarad Kyudaap CHCTEMACH
MYBO3aHATUHURI 3apypuil Ba eTapau wmapraapvun  wponanraling:
oup Hyxmaza KYLUAZAH KY4AAP (UCMEMACH MYB03aHumOa 6Yau-
Wy YLYH MAWKUA IMY6UU KYLAQPHUHZ TEOMEMPUK LUFUHOUCH
HOA2Q meHe Oyauuy 3apyp sa emapandup.

Arap xyunap CHCTE@MaCHMHUHI MYBO3aHaT xosatnia Oepuards
Kyuaapra kyu gynOypuaruuu gypcax, v OABCO énuk kynbyp-
yaklan ubopar Gyaanm (8.15-pacm). Ulyura xypa, Oup nyxmaza
KYAuA2aH KY4AQD CUCMEMACH MYB03AHAMOA OVALWMEL YAYH MA-
KUA 3mysdn Ky4aapea KYpUAZIH Ky4 KYROypiaununz énity 0Y-
auwy 3apyp 8a emapanoup. By 6up nykmaea gyiuaean Kyi-
AQAP cuCMEMACH MYBO3QAHAMU WAPMAAPUHUHE 220 MEMPUK YC YA~
da ugodaranumuoup.

—

R =0 Oyarania (8.6) Tenraukaian
n n o
YE.=0 ¥F,=0, ¥F_=0 (8.9)
i=1 i=1

kenub uuganu; akcuuua, (8.9) ypunau 6iaca, R=0 xeaub uuga-
au. (8.9) mynocabataap Oup Hyxmaeza KYIUAAH Ky4aap cucme=
MACIL MYBO3GHAME 3APYPUL 60 eMAPAN WAPMAAPUHIHZ aHANlL-
mux ycyada ugodasanuuwudup. bunobapuu, Oup wygxmaza x i
WAAH KYLAQD CUCMEMACH MYB03QHAMOQ bYAuuL Y4YHR MAuW KU
IMYBLU KYLAAPHUHZ Y3APO NEPHEHOUKYAAP Yima Yxdazu npo-

8.15- pacwm, 8.16- pacm,
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CHUUAAAPURUKL AA2E0PTUK BRFUROLAAPIL AA0XUOA~ 1 A0X10Q HOA-
2a menz Oyauwun 3apyp 6a emapaunounp.

M3ox. Tawkua 3TysYMJIAPUHART TABLCUP YU3UKAAPU OWTTa HYK-
Tana KeCUIAaANTan KyuJap CUCTeMacH Kecuutyg4l Kyiaap cucme-
macw nepnaasn. KecHwyByy Kyuaap CUCTEMACH TAUIKHJ 3TYBUHAE-
phin 3)-§ naru 1- HaTHKara Kypa TabCHP GH3NKAAPHHUHT KECUIIHIL
HYKTacura xyunpnica, Onp HYKTara KyHu/iras KyuJjap CHCTeMacu
XOCHA Oyaanu. Buno6apuH, KeCUUlyBUM Ky4Aaap CACTEMACHHU KY LM
6up HyKTara Ky#AuJraH KyuJaap CHCTeMACHHM KyLIWLITa KeaTHpu-
Jub, KeCHLYyBYH KyuJdap CHCTEMACH Ta@bLCHPHAATH MXHUCMHHHT my-
BO3aHAT WapTAapu OMp HYKTara KyHUJAran Kyu/aap CHCleMaCHHHHI
MYyBO3aHAT 1mapTJapu Guaad Oup xua OyJany.

22- macaaa, Y3apo wapuupiap Guian OGUPHKTHPHJATAH CTep-
Xenaapaan Kypuaran ABC yuOypyax A HyKTaraH yTyBud TOpH-
soutan YK arpoduna ainanuiin MymMmkud (8.16- pacm, a). BC crep-
sKeHra orupauru P 6yaran £ ok maxkamaanrad; 6yuaa AB = AC,

T

AD | BC, BAC =2a. CrepxeHaan OFHPIUKIADHHU XUCOOra 0/1Mall,
CUCTEeMAHUHT MysoaaHaT xoaatuza AD 6uaan AE mepruxan opa-

cunary 6ypuax DAE-_Bﬂeé oaub, wy xoaar yuyH AB Ba AC
CTEDKEHAAPAArH 3VPUKUULIAD AHHKJIAHCHH
Eunmi. BC crepxenb MyBO3awaTuHu TeKmupamus. Yuunr £

HYKTACHAATH FOKHUHT OFWUPANTH — P Ky4yuu pacMAa TacBUPJIAKMHN3:
BC crepxenra gyfiuaran A8 Ba AC GOFAaHMLIIADUKHT TADCH~
punu 7, 7 ,. peakuns Kyusapy GuiaH aniMamTHPAMH3.

P kyu AE Beprukan Guaan GUp TYFPH YU3WKAd ETraHu VUYH

P, Ty, T4 KyUunapiuunr Tancup 9usukaapu A HykTana xecuma-

au, seHd BC cTepmeHb KeCHHIYBYM Ky4/1ap CHCTEMAcH TabCHPH-
na MyBso3anatna Oy.aaau. Bynnall xyunap CHCTeMaCHHUHT MYBO-

>

3aHAT II3PTUr2 Kypa 3 T p ?’M. Kyd4aapra Kypujaran kyd x¥-
Oypuaru {(yubypuaru) &nug Oyaumu xepax. Kyu xyubypuarn «y-
pHit yuyd wxTuépuii M HygTara Mukaop Ba #AyHaaumin Gyfinua

Gepuaran P Kyunn Kyamus (8.1€- pacm, 6).7D Ky4 BEKTOPHHWHT

6own M Ba yuu N wyyranapnau, moc pasuwnaa Ty, 8a 1, Kyu-
aap (AC Ba AB crepwennap) ra napaisen ML sa NL tyrpu uu-

3ukJaap yrtkasamun3. Harwrana VL tomonn ?AB Kyunu, LM ToMmoO-
HU 3Ca -'l"A,j Kyunu udonanosun MNL énug xyu yubypuara xo-
cua 6yaanu.
s 7 ON
MNL yu6ypuaxna MNL=a+-8, NM[ =a —8 6yaranu yuym
NLM=180° — 20; y X044 CHHYCJAD TEQpeMacura Kypa:
Tag _ Tac P

sia (@ — §) - sina + 3) ~sin(lS()"—Qa;
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sin (180° — 2a) =sin 2a 6yaumunu svtubopra oand, 6y TeHr-
AMKAApAAH

T - Psin(a— ) 7 _PosinG+d)
AB sin 2a AC sin 2¢

MyHOCabaTJapHH XOCHJI KHAAMU3.

AB, AC crtepxensapaaru 39puKnuInap MHKAOP XWXATAaH wly
CTEDKEHAAPHUHT Peaklus KyuJaapura Tedr OyJanw.

23-macana. Orupaurn P = 150 kH, cummetpus ygku BD 6ya-
rad 6up xuncau ABC cepmannur (8.17-pacm, a) A Ba C/\HyK-

Tajapylary Tafsy peakuusaapn asukaaucen; «==30°, BAC =

N
=ACB=60° ne6 oJHHCHH.
Euum. ABC depma Oup xuHc/u Oy raHd y4yH YHHHT OFHp-

JUK KY4H ECMMMETDI/IH yku BD Oyinua iiysanran. C Kysraays-

4y WAPHUD PEaKIHa Kydu R, Tagnd TEKUCAUTHra yTKazuiras nep-
NeHAuKyaap OyHuva fyHasran. A ¥y3raivac wWapHUPHUHP peak-

-—

uus kyun R, AYHaIMIIMHM aHMKJAWAa Y4 KyYHUHT MyBO3aHATH

xaKuaarn teopemanan dofinananamus. P sa R, Ky4JlapHUAHT Tab-
Cup 4H3KMKJapn B HyKTama Kecuwrads Ba (gepma GUP TeKUCIHKAA

-_— - =

€TyBud napaanen Oyamaran yuta kyd R,, R, P Tabcupuia My-

Bo3anartia Oy/iramu yuyyn A HyKrara Kyiuaraw R, KyuHHHT Tab-

CHp 4M3WFHM XaMm B HyKTanan yramin xepax. lllynna#t kuaub, xe-
CHILYBYY Kyunap cuctemacn xocua Oyagu. Mysosanat maprura

Kypa 13, EA, ie.c kyunapaan MLN énug kyu yubypyardnd scai-
o~ A~
Mu3 (8.17-pacM, 0). By kyu yuGypuarupa NML = MNL = 30°
Gyarann yuyH y Tewr &uau yubypuakiup. BunoGapun, R, = R.
LK | MN yrkascac, KN:’L'QN—s-;i. Yy xoana KLN 1yepu

Oypuaxkad yubypyaxniaH:

KN cos30° xn NL = iN—; 6ynaa NL =R,

NL cos 30°

Oy AraHuaaH
P

R, Cypsvervi 86,6 xH,
Wynnain xuau6, R, = R, = 86,6 «H.

24- macana. Orupaurn P =10 kH 6yaran K 1ok ABC kpaura
yprartuaran B Ba D Gaoxkaap opyanu yTkasuarau Tpocc €pAaMuia
kyTapunuily MyMkun. AB Ba BC BasHcu3 crep:xenaap sa BE ro-
PU30HTA TPOCCAATH 3ypUKHILAAp anukaawcuu (8.18-pacm). B Ba
D 6a0KnapHUHT yAuaMmJ/iapu, WyHUHTAeK, B 6JOKAArKn WiliKanadHul
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VA
A -
e
- ?; 7 frig
£ €
A
? —!:V".
a A
X
8.17- pacm. 8.18- pacwm.

o~

spTH6opra oauumacun. Ky#huzaruaap Gepuaran: ABC = DBE =
=30°, AD = DC, AB=6EC.

Euynm. B dyxrara ocusaran K [OKHHHC MYBO3aHATHHH TeKIIH-

pamus. B HykTara Kyduaras P xkyyHu pacmpaa tacsupJaafimus. BE,
BD tpoccnap Ba AB, CB crepxenyap opKaau Kydu/iraH Goraa-
HUIIJAPHY Deakuust Kyu/aapy OWJ3H aiMamiTupu®, yJapHu wmoc

paBuwaa, 7T, 71)\ 7,, T, 06unan OeqrunaiiMus; CTEPKEHAAPHHU
xo3upua uysuaanu aeb dapas guaamus. Hatuxana 6up mykTara
Ky#dusaras xyunap CuCTeMacu xocus Oy.Jaamu.

Koopnunara Gowunu D nyxrana oau6, JlekapT KOOpPILHHATA
VKJapuHW yTKasaMn3 Ba OHP HYKTAra KyHuAraH Kyu/aap cucrema-

cuyuur (8.9) KypuHMLIAArK MYBO3aHAT WAPTAAPUHU TY3aMu3:

N Fpp=0:Tocos75° — T, cos 75° =0, (1)
‘\_:F,y=0: — T ,10830° — T, — T, cos 15° - cos 30° —
— 7', cos 15° - c0s 30° = 0, (2)
2Fiz=0: — P —T,cos15° . cos60° — T, cos 15° - cos 60° —
~ T,cos60° =0 (3)

—

(12) Ba (3) TeHrsamanapuu Ty3uuiaa f Ba 7, asBan yDz Texuc-

JMrura, CyHrpa KOOpAWHATA YKJApura npoeKuHﬂnaHaﬂu)
(1) tenrnamanan 7, = T, xeqn6 uuxanu.

B 6aoknary HWKasaHWIL bTUGOPra OJAHHMAraHud yuyH 7, =
= P =10 kH.
(3) tenrnamanan T, HM anuKIaAMu3:

P 4 Tpcos 60°
A7 2cos 15° cos 60°
Wywnnait guaud, Ty =T =~ — 15,6 kH; 6ynnaru mauduid uuo-
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pa AB Ba CB crepxensap K 10K TabCHpHAa uy3uaAMalt, Ganku Cu-
KHJIAIMMHY KypcaTtaad,
(2) Teurnamanan T'p HU aHuKJIaiMu3:

T, =—T,cos30° =27, cos 15° - cos 30° = 17,3 xH.

Tpocc Ba CTEPXKEHNAPAATH 3YDUKUII KYuJapH MHKLOP XHXATAaH
YAAPHAHT TETHIUJMUA PeaKUWs KyuJapura TeHr Oyaaau.

33-§. KyuruHr HyKTara HucGaTaH MOMEHTH

Kyu Tabcupuma xucm Oupop HykTa aTpodwuia aitaHulira MH-
THCa, Oydla KY4HUHZ KUCMIA TabCUPH YHUHT Hyxgmaza (map-
xasea) Hucbaman smomenmu Guaan Oenrwnasanu. KyuHudr kaiicu
Hyygtara wuuc6aTan MoMmMenTH xucoOnasaauran Of.ca, 1y HYyKTa
MOMEHM MaApKA3W NeHHA3IU.

Kye gyiurzan HYKMaHUHZ MOMEHM Maprxa3uza Hucb6aman
paounyc- sexmopu CUNAH KY4 BEKMOPUHUHZ 8eKMOp Kynaimmacu
KY4HURZ HYKMa2a (Mapkasea) Hucbamarn momenmu deiuaadi.

F xyu gyinaran A uyktadudr O MOMEHT Mapkasura Huc6aTaH

pPaniHyC-BEKTOPH ;_6y.71cm-1 (8 19- pacm). ¥ xoaaa, FK)"-!HHHF 0]
HYKTara HUcGaraH MOMeHTHHH M, (£} Gunan Gearuaacax, Tabpud-
ra GUHOQH:

m,(F)=rXF. (8.10}

— -—
Bexrop kynaiitma tTanpudura acocau, m, (£) BeKTOpH YHI BHHT

goupacu 6yiiuua r sa [ BeKropJapra neprneHAUKyJdp HyHajaran

Ba MOMEHT Mapkasura Kyfunaanw, mO(F) BEKTOD MOAYJH 3Ca

—_ -

\m,(F)|=r-F-sinr, F) (8.11)

TEHI /MK AAH aHUKJaHAAH.

-

MoMeHT Mapkasuian F KyUHWVHT TabCHP YM3UFHra TYLIHPHJ/raH
OC nepneHAMKYJIPHM KY4 enxaci
ne6 atab, yHu d Guaan Genrujacak,

8 19- pacMaau r - sin?r, F') =d 0ya-
rand yuyH, (8.11) udona

|m (F)l=F-d  (8.12)

Kypuuuw Aa €3unany.

Jlemak, KY4HUHZ HYKMmMaza HUC-
6aman MOMEHMUHUKZ MOOYAU KY4
mukdoru Cusan KYyL €AKACUHUAHE
8.1C- pacm. Kynagmauacuza mene.

124 www.ziyouz.com kutubxonasi



Arap xkHCMra TabCHP 3TYBYM KY4YJap XamMmacu OHD TeKHCJIMK-
Ja Kofinauras OyJaca, KYYHUHI HYKTara nuc6ataH MOMEHTH BeK-
TOPH YPHHra KYYHUHZ HYKMaza HUCOAMan an2e0paur mMOMEHMUL-
HU KHPDHTHLI MYMKHH:

my(E) = +F - d, (8.13)

Gynna YHr BUHT KOMAacura Kypa, Kyd MHCMHH MOMEHT MapKasu
arpoduaa coaT CTPeJKACH aNJaHUIUKTa TeCcKapu HyHaauwiaa ad-
AQUTUPUWITAa WHTUACA MyCOaT Hmopa, ake Xoana manduii umopa
OJIUHUIUU Kepax.

Arap KyYHHHT TabCHP UM3MFM MOMEHT MapKasujan yTca, r Ba

—

F BexTopsaapu 6up TyFpu un3HKAA ETYBUW BexTOpJaap G¥yaanu; y

. ->
xonpa r X F=0. [lemax, kytnune mascup 403uFL MOMEHM Hap-
KA3WOQH YMCa, YHUH2 ULy MQAPpKas3ea HUCOAMan MOMEHWU HOAZQ

menz.
Koopaunata GowmuHM MOMeHT Mapkasujaa onub, [lexapr xoop-

AHHATA YKAAPHHUHT OUPAHK AYHAATHDYBYM BEKTOPJAAPHHU I, j, &

mecak, F wyunaur Oy §xaapnaru npoexuuanaapu £, Fy,, F, kyd
K§AnAraH HyKTaHHHT KOOPAWHATANAPH X, y, 2 6yJaca, (8.10) udo-
IaHu Kyiduparuda €3a 04aMHu3:

By udonanu xoopaunara yxJapura npOeKUHsIACAK, KY4HUH?
Hygmaza Huclamaw MOMERMUHUHEZ KOOpOUKAMA YKAapudazu
RPOeKYUAAQPUHL QHUK QU gopuyaact XOCWa Oyaaau:

My, (F) = yF,—2F, mo, (1':",) 2F ., — xF,,

m

o, (F) = xF ~yF. (8.14)

{8.14) na mox(l?), Mo, (_177), moz(ﬁ) opKanu r;z’o(-ﬁ) BEKTODHHHT

KOOpAUHATA YKAPHAATH NPOSKUHUANAPH Ge ru/IanraH.

Kyw xyiuiran wyk1a xoopaunatanapu Ba KYYHHHT KOODAHHA-
Td YKadpuparua npoexuuanapu Oepuaray 6yJca, KYUHHHI HYKTara
HUCOATAH MOMEHTH MOAY/M BA HYHANHUIMHM AHANMTHK yCYJAAa

mo(F)= V(mo.‘(F))" + (moy (ﬁ))“’ + (m,, (1?))2, (8.15)
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L.
- - ) (l‘)

cos (r;z.o(F), )= —5
mg ()
-_ -~ m ('F)

cos (mo(F), j) = —2—, (8.16)

mg (F)

. o~ m (f-‘:)

cos(mg (F), k) =%

mo(F)

(opmynanap Gunanm anuxnaw mywmuu; (8.15) Ba (8.16) narm
”lox(F). moy (—f;). ”’oz(F) (8 14) MmynocabatiapiaaH TONKAALH.

34- §. Kyunuur ygxa Huc0ATaH MOMEHTH

Kyanunz 6upop §xoa orunzan uxmuépuii Hyxmaza HUCOAMAan
MOMERMUHURE MAKYP IKOAzL NPoeKyusicl Ky4HuHz Oepuazak

VkKka nucbaman momenmu Oeiunadu. F KyuHuur 2z yxKa nucba-

TaH MOMEHTHHU M, (_15) 6unan Oearuaacak, y Tabpudra 6uHoan
mz(ﬁ):-npz(-rgo(f?))-—:npz(;’x F) (8.17)

opMysa Ounan aHUKAAHAILH.

(8.17) na O HyKTa z YKHUHC WCTAArAH HYKTacHd GyJHMIH MyM-
KUHAUTHHY, Abhd KYLHUHZ YKxa Huc6aman momenmu O HYxma
Z YKHUHZ Kaicu HYKmacuia OAuHRuu2a OOFAUK 3MACJAUTHHKA HC-
Gotaawn MymKWH. XakukaraH, arap 2 ykaa O nan Ttawkapu O,

HYKTa OJCaK, Fkyq Kyiuarau Hyxtauunr O, ra #ucGatam pa-
NUYyC-BEKTOPHU ry HYU Ky#iuiarnya é3uwr MyMud (8,20-pacu)
ri=r+ 0,0
Y xoana
rXF=rxF+00xF,
OyHnna OIO BEKTOD 2 yKAa éTraHu yuyH O‘Taxﬁsexrop z VKKa
NepneHauKkyadap fiyuadrad Ba Oy BexkTOp KynaHTMaHuHr z yKaaru

NPOeKNHACH HOATa TeHr. Bunobapuu, r, X F 6unau r X £ Huur
2 yKaaru npoexuusnapu 6up Xua 6yaanu.

Kyuynunr ykka HucOaTaH MOMEHTH yuyyH aBBaArd Tabpudra
3KBHBANEHT KyHhuaaru TabpH@HU GEpHII MYMKHH: KY4LHUHZ Oupop
YEKa HucOaman momenmu 0el, ULy KY4HUHZ YiKKA NEePneHouKy-
AP MEKUCAUKOAIU NPOEKYUACUHUHE Oepurzal YK OUAQH Ma3-
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¢

”’1/5

/
L))

XA

8.20- pacu. 8.21- pacm.

KD MEKUCAUK KeCUULZAH RYKMaza HUCOAMAK MOMEHMUNRILHE Ai-
2ebpaux Kuumamuea aimuracu.

Z yKK& nepneHiMKy/sp Teku.Aukuu xy rexucauru (8.21- pacm)
Jecax:

my (F) = my(Fy) =+ Fy, - d, (8.18)

OyHAA 2 YKHMHT MycOaT yuuiad kaparanpa £,, Tancdpujparu a-
JIdHHUI COaT CTPeAKacH XapakaTHra Kapama-Kaplld KypHHCA —
Myc6aT, akc x0/41a Mandull HWopa ONUBARY.

Tabpudaan KypaMHM3KH, KYYHHHT YKKA HHCOATaH MOMEHTH CKa-
aap xarraauxaup. (8.14) wu 3bTHGOpra o0JCax, Ky4HUHT JKKa
Huc6aTaH MoMeHTH Tabpuuuu wudonanosuu (8.17) ra kypa, F
KyuHuHT [lexapT xoopiuHaTta yxAapura nucOaTay MOMEHTJAPHHU
aHUKJIAW YYYH

m, (F)=yF,—2F,, m,(F)=2F,— xF,

m, (P) = xFy—ny (8-14¢ a)

JopMysanapui €3UUI MyMKUH.

Arap rys mascup wusuru yxuu recub ymca éxu Yxxa napanr-
Aea 6YAca, YHUHEZ WY YKKQ HUCOAMAH MOMEHMU HOAZQ MEH?
0yiadw, yyHKH OUPHHYH X042 Kyd €AKacH, HMKKHHUHM XOJAa
KYUYHUAT §KKA TIePNEHAUKYASD TEKUCAUKAATH TIPOEKLUSCH HOJra
TeHr AUP.

35- §. Kyunap cMCTeMacHHMHT HyKTara HucOaraH
oot MOMeHTH

Arap (1-:‘.,, Fz, cen F:) Kyuaap cucremacu Oepuaran OyJca
(8.22- pacm), 6y Kyuaap CHCTeMAaCHHM TALIKHA STYBUH KYUJaPHUHT
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uxtuépuii O Hykrara HucGataH Mo~
MEHTA4pH Iy nyKrara Kyfnjirau

’-"’()(Fl)=r.l><ﬁn
My (Fa) =Ty XFa . .,
mo(F”) o ><f'

BeKTODJapHu HPpoganakiau. bBup
RyKTara Kyfuarad Kyd/JapHH Ky-
mwuw cuHrapu, O HyKrara Kyiuarau

My (Fi), mu(Es), ..., my(F,)
8.22- pacwm. KYy4/1aD MOMEHTAGPU BEKTOPJAPH-
BH Kywub, xysaap cucmemaci-

—

Hune O maprasea wnuc6aman Gows momexmu 1el aTanyBuu M,
BEKTOPHU XOCHJ KHJAaMH3:

M0=1;;\”ZO(FI)=-"\';’1XFP (8.19)

Ulyunaii kunus, kyeaap cucmemacuriunz Oupop Maprasza HUC-
baman Gour MOMEHMIL MAUWKUA 3MYBLU KYLAQPHUH2 Oepurean
MAPKA32A HUCOAMAH MOMEHMAAPURILHZ 280 MEMPUK QUFILHOUCUHIL
uqﬁo@a/zaﬁ@u

Fi qummr HexapT KoOpAvHATA YKJAApUAATH TPOCKLUSAAPH
Fieo Fryo Fipy Wy Kyu KyAnaran HyKTa KOOPAMHATAJADH Xy, Vi, 2
Gyaca, Kyusnap cucremacu 60l MOMEHTUHWMHL iy YKJIApAarud fpo-
exudsaapunn Mo,, Moy, Mo, necak, (8.14) uu 3bTHbOpra osuo,
{8.19) aan

n

"w04 = ): (yiFiz - 2lFty)'
=1

l
4'Woy= \‘ ZFpe— x| (8.20)

t—l

)
MOz = ‘\_“(xlFly - yiFix)

i=1

¢opMynanapuu xocna kuiamus. Jdemak, Kyurap gyfAuaran nyxra-
J3pHUHT KOOpAUHATANApU Ba KYUMAPHUHT KOOPAUHATA YKJAApHAATU
ﬂpOEhllHﬂJlapH MamyM 6ynca Kyu/ap CHCTeMaCHHUHTI OGOl MO-

ME@HTHHH Mox, Moy Ba /l/Ioz ra Kypuaran napaJjjaeienunep Axa-
TOHa/MU Kabu auuKAAl MYMKHH:

Mo =V My + My, + My, =
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-

.+.

—X‘F“)

T2
_Fl:—lely)l -+

=+ S(XiFiy_')’lle)

Li=1

.-:1// N

| i=1

3

(821)

(8.21) dopuyaa xysaap cucmemacu 6our MOMEHMUHLHZ AHA AL
muk ugodace pedunasu. By xoana Gowl MOMEHT AyHaaumd fy-
HAJITHPYBUM KOCHHYCAaD ODKAAU TOMH/IALM:

o ) = 22 Hor /) = 0
COoS , L) = ——, COS!. ' =
(Mo, i) i, {Mo, /) i,
—_ - A”Oz
cos(Mo, k) = —=, (8.22)
My

Hzoxnap. 1. Arap kyuaap CHCTEMACHHMHI TallKHJA 3TYBUMAADH
Oup TekHCAHMKAA KOWaawrau 6yaca, Oy KYWIapDHUHT GHPOpD Map-
Ka3ra nucOaTaH MOMEHTJZpH Kydsaap €TraH TeKHC/HKKA nepne-
IUKyasp #iydaaran Oyaand, sbHY yJAapHUHT MOMEHT BEeKTOpJapu
O6up TyFpu uu3uKAa &raad. DunobGapuu, Oy X0/nxa Ky4naap cucre-
MaCHHHHT GOW MOMEHTHHU aaredpauk HUFUHAU Ouidn udoaaaaiu
MYMKUH:

Mo =N mo (F)). (8.23)

ﬁ\/n

—

2. Kyuuunr ygxa uucGatan moMmeutd Ttabpudura xypa (8.19)
lan Kyiuparu (popmyﬂanapﬂn €3H1 MYMKHH:

SmO);Fi Vm(Fi

_~1 |=|

Moy= \ ’”Oy(Fi) = V m, ‘1) (8.24)

=1

MOz imOZ(Fi)_zm Fi)’

ABbHU KYLAQAp CUCMEMACUHUHZ uxmuépuil maprasza rucbamax
MOMEHMUHIUHZ WY MAPKA30AH Yymysyuw Oupop Yxoazu npoexyis-
ClL MQUKEA IMYBLL KYLAAPHUHE ULY VKKG HUCOAMAH MOMEHM-
AAPUHULHEZ aazebpauk Lurunducuza meHe.

3. Arap 1_‘:1, /-D:, coe ,F,, Kyunap 6u4p HyKTara Kyfuarad xyd-
Aap cucremacn oyaca. (8.19) udonana ?i =7 6yaub, y

95955 129
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n -— -
KypUHUIIEY OMalu. (8.4) ra Gunoan, ¥ #,= R, ¥ xoaxa:

=1

o, —_ = -
zmo(Ft) = rXR = mo(R).
=1

Wynnast xuaus,

- — "‘——» -—
mo{R) = N mo(F)), (8.25)
y |
i=1
ABHU OUp HYKMAA KYRUAZAH KYLAAP CUCMEMACU MEHZ MABCUD
IMYBLUCURUHL UXMUEPUL MAPrKA32A HUCOQMAH MOMEHMI MaUL-
KUA 3MYsHl KYLAAPHUHZ WY MAPKA32A HUCOAMAR MOMEHMA-
punune zeomempur iururoucuea mene. By OUp HyKTara Ky#da-
ray Kyu/aap cdcremacu yuyH Bapuwson meopemacudar nbopar.

36-§. XKydT Kyu Ba yHHHr MOMEHTH

Muxdop oxcuxamdan mene, Kapama-gapuu LyHarean, 6up
mirpw qusuxda Emmaiduesan UKKEMA NAPARAEA KVLAQD CUC-
menace xcygm Ky4 (Kuckaua, scygm) Redunaiu.

Ky®dT Tawkua aTyBUd KyuJapHHHT TabCHP YH3HKAAPH opacu-
nary sHb kucka macoda swygm earxact Aeinnanu. Kydr eqaka-
cnnn & 6unan GearusaiMus. 2Kydpr Ty3ysunaapu €Tran TEKHCAUK
awypm merucauen neiunanm.

bupunan axkcuomara OuHoan &iaFu3 XKYyPT TABCHPHAATU XKHCM
MyBo3aHataa Oy/aa o/amafinM, WyHuHCLeK, KyPpT Outra Kyura, ab-
HY TEHF TaBbCHP HTyBUMTa KeArupuiMaiau. JKydr Tabcupuaard
KucMm Oupop HykTa €k YK atpoduaa afisanma Xapakar KujAaiu.
bunobapuy, KyPTHHHT KUCMIA TABCHPH KYPT TAWKUA 3TYBUMIA-
pmwmr MOMG‘HTH Ounan OeJruaanand.

->
(f,, ,) KYPTHRET £, TAUIKMA 3TyBUMCH A HYKTara, F2 Tau-
KuJ aTyBuucd B mykrara gyiduaran 6yacud (8.23- pacm). 2Kydr
TalKua 3TyBUuAapHuuar uxtuépuét O uykrara nucOaran 60w MO-
MEHTUHH AHUKJANJIUK:

Mo = mo(Fy(+ mo)Ey) = OA XFE, + OB X F.
Byuna 1‘:2 = -—1"1 OyJranp yayn:
Mo = OAX F,— OB X F, = (OA— OB) X Fy.
Pacuran: OA — OB = BA.
Ulyazali xuaub,

Mo=BAXF, = ABX F, (8.96)
(8.26) nau xypaMusku, ycygm mauwkur 3mysiuAapurunz OCupop
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Maprasea Hucbaman 60uL mo-
Menmu Wy MAPKA3HUHZ MAR-
AqHuuza GOFALK IMac.
(8.26) BeKTOp KYnaiiTma OH-
/12y aHUKJAHYBYY BEKTOp ofcygﬁm

,uo,uemnzz nefiuiaam Ba m(F

F,J 6uaan OeJsrnaananu:

’_7.1’(;‘1’ F‘2) = é;lx;1 =

8.23- pacm,

—AB X F,. (8.28)

Bektop Kynahtma xoccacura OunoaH xybr Mmoment BA Ba F,

BEKTOpJapra, fomkava aftranaa xy@r texucaurn 1l ra nepnex-

JUKYJIAD paBUILAA YHr BUHT KOwjacura Moc fiypananu; Xyprt mo-

mentn O Mapka3 TaHJanuminra GOFAUK GyaMaranu yuys yuu IL

XKY(DT TEKUCJUTHra NEepneHiHKyasdp PaBuInja UXTHEDPWE HyKTara

KY#ulW MYMKUH, ABHU HCYPm MOMEHmu 3PKUH 6EKMOP IKaH,
Kydr MomeHnTy MOAYAHHU XHCOBAANMK:

‘m([,, r, l( : BA. Flsm(BA F),
6upog BA - sm(B.A, 1;,) = dj WYHUHT YYyH

P, )l = Fca =F, . d (8.28)

(8.28) nau xypamuskd, Hy@m MOMEHmU MOOYAL HCYPM maus-
Kua amysiu xyiaapoan CUpUHUHE JHCYPM eaxacuza Kynanmma-
cuza mene skad. (8.27) uu (8.10) Ounan Tagkkocsad, xyprT Mo-
MEHTHHHAHI KYAWLArH XOCCACHTa 3ra OyJaaMus: Jcygm MOMER! U
HCYPM MAWKUA IMYEYL KY4Aaplar OBPUHUNZ UKKURLUCW KY-
itunean HyKmaea Hucbamaw MOMEHNN2aQ mexz, I'bHU

il s Fy) = ma(Fy) = ma(Fa). (8 29)

Bup Texucaukaa xoifinawran Ky>DTASPHUHT KUCMLA TabCUpPH
yprauunadrrauna KyQTHHHT aareGpadk MOMEHTHAAH (oiaasaHuil
MYMKHH: mycbam €xu MaAHGul wwopa CUAAH OAUHZAH KHCYHM
MAuWKL L IMYBLL KYLAGPOAR Cupurunz xcygpm earxacuza Kj-
nagmmacu oHcy@Pmuune arzedpaurk MOMeRmu Oeiuraoi:

m(Fy, F))=+F,-d= + Fs-d, (8.30)

Oynaa kypT TabCHPUAArH alAaHUII COAT CTpe/KacH alNaHHUIuUra
Teckapu AyHasumwpga Oysaca myc6art, akec xonaa MaHduil Hinopa
OMHaAN (MmopaHu OyHAall Tawaall YHT BHHT KOMJAAcHra MocC Ke-
Nanun).

13¢
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/2 37-§. Wydraapuunr

7 9KBMBANEHTIUIH XAKU1A TeopeMa
/' A 3 Ba HaTHKaaap
7 ¢
7 Teopema. bLupop xcygmuune
' . HUCHEA MABCUPURL WLy HCYPM
/; / © MmeKucALeuda EmyeuiL, mMoMeHmi
LA | ” bepunean Hypm  MOMermu2zd
7 —/_lf/: 4 meHe UKKUH4L Hcydm 6uaan ar-
7/ L MOUMUPUL MY MKUH.
; -~
er HUcbor. (F,, F,) xydr Gepua-
ran (8.24- pacm). F, Ba F, «yu-
8.24- pacu, JADHUHT KYfiuaum uygragapu A

Ba B pan ysapo napamnen AL
Ba BM Tyrpu uusngaap, I.LIyHHHFILeK, A Ba B uyxgranap opxanu

CD Tyrpy un3uy YyTKasamus, F, kyuan AL Ba BA 6yiinua, F2
quun BM Ba AB 6y1>mqa TaWKHA 3TYBYMAAPTa axparaMus:

wa (Pn Q:), f'zco(Pz, Q2 ).
Hartuxana
(FFy) o (P, Py, Qu Qa) (8.31)

Kesub qnxazm Bynna F i Fﬂ, F = —F2 6ynraﬂn yuyH, scawra
6HHOﬂH P i Pz, P1 = ——P,, Q1l = — Qz, HeMak, (P,, P;) xydran,
(Qi, Qz) 3Ca MYBO3aHATJamMyBYM CHCTEMAHH TawWwKu1 srtaau. ¥
X0/1la 2-aKcuoMmara acocaH Ky4daap CHCTEMACH KaTOpuZaH (O,
(32)030 cucreMann adiupcak, (8.31) udona

(Fy, F) o (Py, Py) (8.32)

> -> -> e
KyPUHUIBHY ON1afH; abHu (Fy, F)) kydr ukiudun (P, Pp) xKydr
GunraH anMalTHPHAAAU. DBy XKydTiap MOMEHTJADUHUHI TEHIJIHTH-
HyY ucboTaanmMus,

P, Ba Q, 6up HyKTara KyHuAran Ba yJApPHHHI TEHT TabCHP
3TysuucH [y 6yaraun yuys BapuHoOH Teopemacura acocaH:

;’15(7‘]) = f-n’s(é)-!- 23(51)-

-

Qi KYYHUHT TaBCHD YM3HFH B HyKTajau §Traun yuyH ;B(Q,)=O.
Hewmak,

ma(Fy) = matPy) (8.33)
132
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(8.29) ndonara 6unoan (8.33) xy#hunaruuya ésuaanu:

o - — —
m( £y, Fp) =m(Py, P,). (8.34)
Hlyunpa#t kxaanb, Teopema TYAuK UCCOTAAHIH.
Kydraapuuar sxkBusaseHTAurd xaKuaary 0y TeopemMasad Kyiiu-
Jlaru HatTukaaap keand YuKamH.
1. Adlaanqu GyRaanmunrl 932apmupmal  AHCYPmMuL  YIAHUHEZ
mexucanzuda uxmulpuli xroliea xwytupuw 8a Oypuuwl MYMKUK.

XaKukarad, PT, P, KyuJaapau Tabcup unsugaapu Gyhnaé L sa M
HyKTalapra Kyuupcax, (f_?',, f;) HKy(T YPHUra yHIa SKBHBAJEHT
6yarad, Oepuaran xydrra uucbaran Gypub Kyuupuarad (75,,

P,) xypT xocua Gyaamu.
2. JKydpm momenmunu y3eapmupmaii, rcypmui mauxua
MYEUUL KYLAQP MOOYAUHU EKU EAKACUHN Y3eapmupiuul OuAaH

DICYPMHILHE HCUCM2A MACUPL Y32aPMAILON., (F:, F;) Kydr ea-
KacuHu d,, (/:, }52) Ky(pr eaxacuuu d, pecax: m(f**], F;):F,'d,,

m(P,, By) =P, d,
Y xoaza (8.34) ra acocan:

Fid, =P, d, (8.35)

{8.35) dopmyna épaamuaa ®ypr eakacuHu €xud WydPT TaKUA
STYBUMCHHY TaHJAALI MYMKHH.

3. Mouenmaapn mene 0ya2ar oCyPmAaap y3apo 3xsusaiesm-
Oup. By yuuHYd HATUKAHUHC OGUP TeKHCAUKIATH KydTaap yuyd
TPUBAH OyAuLId AKKOA Kypuuub Typubav. KyPT MOMeHTH 2pKUH
BEKTOD Ba YHH XKY(DT TEKUCAUTUIA TEPHEHAUKYJAAD PaBUHILA HX-
THEpKIT RyKrara KyHuu MyMKMH OyJaraHujan XyGdT MOMEHTHHH
Y3rapTupMafl TabCHP TEKUCAUCMra uapaniel TeKHCAHKKA KyuH-
pUJaCa XaMm XY(QTHUHF XKUCMra TapCupu yarapmaiau, Wywnait gu-
anb, KyPT ypHura YHWHT MOMeHTHHW Oepuuml Kudos 5KaH.

38- 8. Kydraap cncremacuuu Kyumw, Kydraap
CHUCTEMACHHMHT MYBO3aHATH

(Fy,, 1) Ba (f,, F3) xydraap TexdCauxJaapu y3apo Kecu-
myaqu II, Ba II, Texucauksaap, MOMEHTAAPH 3Ca MOC PasuIlia m,

Ba =g 6Yacun (8.23- pacm). KydTaapuunr 3KBHBANEHTIUIH XaKH-
Jard TeopeMa Ba HaTHKaJapra acocan Oy xygraap ymymuit MA

eJikara xeatupuaran ne6 xapaisiux, M nyTara Kyfiuaran F Ba
F2 KyuJaapuu, myHnHmeK N nyranam Fl, F2 Ky4JapHu xy
waMus; R12 —F —i—l*z, /{m —Frt— Fy. ¥3- -§3u1an paBmanky R12~-

—

I
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/7 /
(f:/kuju}

8.25- pacm.

=—Ria, Rig | R, sbun (Rig Ris) xydraan ubopar, Xocun
Sysiran xydt momentunu (8.27) ra Gunoan XxucobaanMmns:

M(RI,Q, Rig) = NM X ém = N_/,VIX(R + F?) =NM X i'.. -+
+ NM X Fy = m(F,, F}) 4 m(Fy, Fy) =mt, + my.
Lyunait Kuaub,kecuuLysin mexucaukaapoa émyed UKK Hey@Hm
HU gymuu nemuxcacuda bumma xcygm xocun 6yaub, 6y na-

IMUKHCALOBLU HCYPM MOMEHMIL DEPUNAH IHCYPHMAAD MOMEHM AL~
PUHLHR 2e0MeMPUK RUFUHOUCHZA MEHZ.

-

Arap n Ta xydTaap cucremacu {(Fl, FI), ([:2 ﬁg), e .(F,..
-.
F.)j Gepuaraun 6yaca, 6y Xy(pTIapud AaBBAArUAEK KETMA-KeT

B
Kyluum gatdxacuaa 6urra (R: R'| — yaruxkanosun kydr X0CUJ
6yanb, YHHUHT MOMEHTH

- —_— - — "o,
M=m,+my+..+nm,=Nm, (8.36)

fomy

dopmysa Gunan udonasananu,

Wynnait xuaub, scydmaap cucmemacy EArn3 HAMUNICANOCLL
HeyPmea Keamupuiul, HAMuiIcar084i xcy@dm momenmi bepuiean
HCYPMAAP MOMEHMAQPUHUKE 2e0MeMPUK QUFUHOUCU2Q MEH?.

Arap xybTaap cucTemacu GHD TeKHCIUKAA €KW napajsiess Te-
KUCAHKAApAa xofaawran Oynca, yJAapHUHT MOMEHTIApWHu Gup
TYFPU yusukia €rysud BekTOpJaap nAe6 Kapall MYMKWH: WIYHUHT
yuyH Oy xonaaa (8.36) reomerpmk HuFMHAW YDHHIA aireGpauk
AUFHHAY ONIMIL MYMKHUH:

n

M= Nm, (8.37)

=1

Kydraap cucTemacy opacuaa 6upop Kydr Koaran xyQPTaapHu
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MyBO3aHAT/0BuyM Oy/u6 KOJCAa, YAApHH KM HaTHXacnaa K =

=R'=0 éxu M=0 xocua 6yaanu. By xoana, (3.36) udoaa
N, =0 (8.38)

i=1
KYPHHUILIHUA QJAJH. .

Axcunua, (8.38) ypunau Oyaca, wydTiap CHCTEMACH MyBO3a-
#ataa Oysanu.

Bunobapun, (8.38) scygmaap cucmesnacy mascupuoazi xeiucm
MYBO3AHAMURUKL 3apypull 8a emnapin wapmudy dadonanai iu:
KHeypmaap cucmemacuy nyso3anamoa 6yauwmn Yiyu bapia s ypm-
AQP MOMEHMAAPUHUKZ 200 MempuK AuFUHOUCK HOA2Q meHz 0 -
Allwin 3apyp éa emapaudup.

IX 606. UXTHEPUA KYUJIAP CUCTEMACHUHU BUP
MAPKA3IA KEJITUPAUL. UXTUEPUN KYUYJIAP
CHCTEMACHHUHI' MYBO3AHATH

39-§. Myanco teopemacu

YKHCMHHHT GHPOD HYKTAaCHTa KYHHAFaH KYYHH Y3UHHHT TABCHD
qusuruna Erysuu OOLWIKA HYKTara KYYdpHUI MacafacyHuy aBsan
(30-§) kypran 3auK. DHAM KYUHHM YHAHT TabLCUP YH3WFHAA ETMafi-
IMFaH HYKTara Ky4dpHll MacadacHHd KypHO uyukamu3s. Kyuy Kydu-
DHARIUTAR HYKTA Keamupuuwt Mapxasu Lefuaafu.

XKucmuuur A nvkracura F Kyd kyfuarad, O HyKTa KeaATupHul
Mapkasu 6yncpm (9.1- pacm, a). Mxxnnuu akcuomara 6unoan O
HyKTara (Fi, FZ)JJO Kyusaap cucremacudu gyamus (9.1- pacwm, 0).

F\, xyuun muxgop Ba fysaauw O6yfiuda GepuAraH F ra TeHr Ku-

U0 0aMU3: 7:', =FY X044
F «{F, (£, F)) (9.1)

xocmr Oynaagu. (9.1) na F gkyudn O Hyl{rara lcyqupmrraﬂ KyH,

(1 2) Hu 3ca wydT ne6 Kapair MyMKHH, (F Fz) Kyumunzan
ofcygﬁm nednaanu. (8.29) ra xypa

m(F, Fy) = mo(F), (9.2)

4 .
ABHE  Kymuiras xyopr mo- |
MEHTH OepHUIraH KYUHUHT F)L 4
KeATHPHII Mapka3ura Hucba-
Taw smomenTura Tedr. (9.1) < P
83 (9.2) gy#aunarn [lyawnco
meopemacunn ndboranaiiu: 9.1- pacm.
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KY4HU JCUCMHUHZ Oup HYK-
macudan 6OUKA HYKMACUG
y3nea napasaes pasuwoa
KYHUPUUHL KYLUPURAH KYYE
Kamopuza momenmu Oepun-
2aH  KY4HUHZ  KeAmupuus
maprasuza Hucbamas MO-
MERnmuza mexz2 ycyPmnu Ky-
wuw Ourar Oaxcapuus mym-
KuH,

40- §. Uxtuépnit kyuaap
cucTeMacHHu OMp Mapkasra
9.2- pacyu. KeJTHPHIU

XKucmunur A,, A,, ... ,A, HyKTaAapura g¥iuaran (F,, Fy, ...

) nxTHé€puit KyuJap cucremacunu Kymuura yramus (9.2-
pacm). 2Kuempa 6upop O HYKTaHM Ke THPUII Mapkasu cudartuia
Tanialb, G6apua kyusapuu Ilyanco teopemacunan dohirananub ysu-
ra napasaJea pasuliga yumoy HyKTara Ky!mpa'vms ¥ xoana, Ge-

pHJITAH KyuJap CUCTeMacH YpHura (Fl, Fg, e s F) 6up HyKTazha
KeCHUWYBYH Kydyaap CHCTEMACH Ba MOMEHT/IapH MOC paBuiiza

n’7t1 = z0(7:’1)' ”-’;2: ;10 (F2)s e r’.n’n = ’-n‘O(.F.n) (9'3)

6yaran [(-/5,, F1), (FQ, F2 ,(F F”)] Kymuaran kypraap
cucteMacunad ubopar cucreMmara 3ra GyJaaMus.
O nygrara KyHW/ITAH Ky4aap CHCTEMACHHH KYWHO, Wy HyK-

tara KyiuaraH GUTTa R KYYHH XOCHJ KHJIaMU3:

—r ‘l —
R = V F;t
=
6yuna -1:“,-' F OYJraHH Y4VH: ‘e
— a —
R = 2 F, (9.4)

bepunrean wywaaprune zeomempur urunoucuza mewz 6yazan

-
R’ xy4, kywaap cucmemacunune Gow sexmopu deituaadu. Ky-
IMUATaH Ky(PTaap CHCTeMAacHHH KYIUHG, yJaapHu MoMeHTH (8.36)
TeHTJIMKKA KYypa aHUKJaHyBuM OMTTa XKydT CH/IaH aJMAlITHPHIN
MYMKHH:

—_— n
M= —“ml

T
—_

[
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{9.3) ra acocat, 6y TeHIHKHU

— a - -
My =N m,(F) {9.5]

1=1

kypunumaa ésumr Mymxud. (8.19) naw mamaymxy, (9.5) udona
&xysaap cucmenacurnune O maprasea rucOamarn 60u. momexmu-
Jup., Wywnaft xuaub, uxmuépuii Ky4iap cucmemacu Keamy-
puuL MApra3iea KYiusean 8a 0epunrzan KY4AQGPHUHZ 2€0Mempuy
durunducueza menz 0yazan Oumma 60u 6eKmop OUAQH MOMEH-
mi MAUWKUA IMYBLIL KYLAAPHUKL ULy MAPKA32a Hucbaman 6ow
MOMERmuea mene 0ya2ad Ounma iyPpmaa Keamupuaiap sxa.

[Lynun anoxuna TabKUAaR0 YTHIE 33PYPKH, OOW BEKTOD KEJITH-
PHII  MApKa3UHMHT Tawlauduwiura OOFAUK 3MAC (ABHH KEATHPHII
Mapkasura HACOAaTaH MHBAPHAHT), OOW MOMEHT 3Ca KeJATUPULl Map-
KA3UHUHT TAHJAAHUIINTE GOFAUK (KeJATUDHW MapKasura Hucharan uo-
HHBADUAHTAUP). DO MOMEHTHURT KEeJATHPHIL mapKasura HuUcOaTaH
HOWHBAPUAHTAHTH Y3-Y3HAAH PABIUAH, YYHKM YMYMHHA XOAL3 Kej-
TUPHUI MAapKasy ysrapraufa CucTeMa Ky4/JapuHuur Oy Mmapkasra
ayucbaTan MOMEHTJapH XaMm jsrapaad.

Kyunap cucremacusunr 60w MOMEHTH aHaautuk ycyana (8.21),
{8.22) ¢opmynanap 6unan aHUKIAHWWIH GH3TA MABAYM.

Kyusap cucremacunusr 6ol BeKTOpUHM aHHKA0BuM (9.4) udo-
Aa Guaan G4p HyKTara Kyfuarad kyu/aap CUCTEMACH TEHT TabCUD
aTyBUHCH yuyd Oepuaran (8.4) dopmMyna KYpPUHHIIU KUXATHLAAH
Gup xua OyaraHufan, 00us BEKMOPHI AHAARMUK YCYA0Q XUCOG-
aaw gopmyaasapyu xam (8.6) ma (8.7) xabu Gyaaanu:

T T (o r Ve [ er o
\ [ma) J \i=} J =1 ’
A= Ry AT R, A R
cos (R i) = == cos (R, /) = = cos(RY k)= —-. (9.7

41-§. Hxtudpuit KydJlap CHCTeMACHHH KeITHPHIUIIM MYMKHH
Oyaray xycycuit xouuaap. BapudboH Teopemacu

Mabaymky, uxtuépuft Kyuaap cucreMacu yMmMymui xoaza 6o
8eKTOp K’ OHAaH MOMEHTH Kyuaap CUCTEMaCHHUHC KeATHPUUl Map-

Kasura HucOarad Oowr MomedTH Mo ra Tedr 6yaran xydrra Kea-
tupuaand. Byunaa gyflugary xycycuit Xouanap yd4pamd MyMKHH.

1. R'=0, Mo0, #4buu Ky4aap CUCTEMACHHHHT GOUI BEKTOPH
HoAra TeHr, OHpop Mapxasra uucGaran 00Ul MOMEHTH 3Ca HOJALAH
dapk xunaau. by xonza xyuaap cucremacu €/Fu3 Kypira xesrTH-
pusnaau. Kydr MoMedTH MOMEHT MAPKA3MHHHT TaHIAHMUINArE GOF-
JuK Oyamaragy yuyd Oy x014a OO MOMEHT XaMm KeJATHpHI Map-
Ka3uHUHT oadHuinra OOFAvK OyAMafiiu.
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A //7” 9. R £0, Mo=0.

o By xoana Kywuaran

g0’ po p 't / Kydraap cucTeMach

A o ;' y3apo myBo3sanatsauiuo,

(2 7, ” (1 GepHATaH KyuJaap cuCTe-

7 / mMack O KeaTupuu Map-
&

Kas3unad yTyBuH OHprH-
Ha Kyuy — 6ol BEKTOp

—.’
H
9.3- pacu. R’ ra KeaTupuiraHu

yuyn Oy R’ Kyunap
CHCTEMACHHUHT TEHT TabCHP ITYBUUCH Gyaaiu’

3. R'£0, Mo+0, k' |_ Mo, sibuu Gow BekTop Ba GOl MO-
MEeHT HosAaH (hapkau O6Yaub, yaap y3apo nepmneHanky.aap Gyau-
wy MyMkud (9.3- pacm, a). By xoaaa kyunap cucremacH TabCHp
unaurn O KeNTHPHIL MapKasuaaH YHC BHUHT Kouzacura mccaab
OJIUHTaH

-
oc— Md (9.8)
K’
macodana €TyBuy TEHT TABCHP STYBUMIa KCJATHPUAHIIUHUA HCOOT=-
JanMus.

MowmeHnTtH Mo 6yJ1raH Kyt Texucawrunuu Il 6unan Gearuaa-
cak (9.3- pacm, 6), Mol R’ xonuza R’ BexTop Wy II Tekucankaa
étanu. Mo 6ol MOMEHT ypHura (R, R ) WypTHE UIyHIAH TaH-

— —r -—
aAaimusky, R=R' 6ymb, 6y xybTHuHr aiinanum Hyunanuwu Mo

Hypannwura Moc TyuwcuH; 6ynaa (R, R”) wydr eakacunu d = OC
necax,
—) -—
o ol |/MOI
|Mo|-|mR K")| =R-0C &éku OC— X =R
ypuuan 6yaMmIM Kepak.
2KybTaapHuHr SKBHBAJEHTAHTH XaKHIaru naTuajnapra acocas,

R" nu 60w BekTOp R’ Sunan GHD TYFPY YM3MKKA TYHIMPHII MYM=

KuH. ¥ xoana (-R.”, 1?”):/30 6yaub, kyusnap cucreMacu C HygTara

—

KyAuaran Ourra R Kyura, s’bHH TeHr TabCHP 3TYBYMra 3KBUBA-
JeHT GyJamu.

Tabeup uusmgaapu 6up TekucaMKAa ETYBYH KyuyJap CHCTEMAcH
MEeKUCAUKOQzL KY4Aap CUCMeMacy NeRunaau.

Tekucanknaru kyusap cucremacu yuyn R's= 0, Mo+ 0 xoana
Mo Ba R’ BekTopaap y2apo neprnenaukyanpaup. Lynunr yuyn Gow
138
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BekTOpH BAa 00l MOMeHTH HOJAAH (apkau OYyJraH TeKUCJIMKAArH
Kyu/Jap CHCTEMACH LOHUMO TeHT TabCHP 3TYBYUTa KeJTHPHAAAH.
Teopema. HKyuaap cucmemacu mene mascup 3mysiusq Kea-
Mipu 1CQ, MEHz MasCup 3MYSLUHUHZ OUPOP MAPKA32Q HUCOAMAH
MO MEHMU MAULRUA IMYEUIL KYLAADHILHKLZ LY MAPKA32A HUCOAmaH
MOMEHMAAPURURLZ 260MeMPUK HUFUHOUCUA MEH2:

maR) = N mu(F). (9.9)

=1

HUcboT. R0, Mo+0 6yAraH yMyMmui XoaHu Kapalink. Bym-
aa quﬂap CUCTeMacH TEHr T4 bCHD 3TYBUHTA KeJlTI/IPHJIHU_]H y'—[yH

R’ | Mp 6yaumu (9.3- pacm, 6), R =R’ sca (9.8) Teursvk 6uaan
anuganyBud C HyKragaH yrauy xepak. TeHr TabCup 3TYBUMHHHT
O wmapkasra HucOaTaH MOHEHTHHH XHCOOJANHMU3:

Ia ] . ~_ IMO._ -'
olR)|=R-OC=R- —R“-IMUI.

AbHK TEHT TabCup 3TyBunHMHT O Mapkasra HucGaTaH MOMEHTH-
HUHT MOAYJM Ky4/ap CHCTEMACHHHHT L1y Mapkasia Huc6aTay 6oL

MOMEHTH MOAYJUrd TeHT. mo R) AYHaJWIIM YHr BUHT KOUWJacura
moc pasuuga Il tekuc/nkka nepheHawKyasp Hyuanrand Tydaiau

Mo BexTop #ynanmmura moc Tywanu. llynaai knan6, (8.19) um
awTHOOpTra 0410,

e - — n . .
mo(R)= Mo =¥ mo(F))
s
-1
adoaaun xocua xuiaamua. By ucbGoraauran Teopema uxmulpui

Kywaap cucmemacy Y4y Bapunson meopemacu nefinnany.
(9.9) udonanu Gupop z YKKa npoeKUHAIAANK:

— - " .
mOz(R’ = Smoz(Fi)'
i=1

By ndonana kyuHuHr yKxa HucOaraH MOMEHTH TabpHpHra Kypa

Mmo;(R) HU TEHr TabCHP ITYBUHHMHT 2 YKKA HUcGATaH MOMEHTH
ne6 xapaw Mymxue, [lemak,

[}
Py A o~
my(R)= N my(fy), (9.10)
r__J
=1
ABHU MEHZ Mascup 3mys4ununz OUpop YKKa HUcOAman MOMER
MU MILKUA IMYBLL KVEAQPHUHZ MASKYD YKKQ HUCOAMAH MO-
MERMAAPURLRE QAeIpany uFrnoucuza mena.
Kyunap cucremacununr Gow BekTopu Ba GOl MOMEHTH HOJ-
lau Qapgau 6yaub, yaap ysapo nepneHiukyaap Oyamaca, Oyujia#
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—XYyTAap CucTeMacH TabCHPHAA KHCM BHHT XapakaTHra KeATHPU-
JUUHHA HCOOTAALT MY MKHH.

4. R" =0, Mo=0 xoanna Ky4sap CHCTEMACH HOJAra 3KBHUBAJIEHT,
fIbHW MyBO3aHATAArH CHUCTEMaHW TAUIKMJA ITaLH:

(75,, F,, ces ,Fn) « 0.

42- §. Kyunap CHCTeMaCHHMHI MYBO3aHAT ILAPTIapH

l. Hxmuépui xyasap cucmemacununez mMys03anam wapmaa-

- _—
pu. MOxopuna R'=0, Mo=0 Gyarauna Ky4aap CHCTEMaCH MYyBO-
3aHaraa Oy aUUIMHM KypcaTud ytauk. By wapinap nxruépufl xyg-
JAiap CHCTeMacu MyBO3aHaTHMHHUHUT 3apypuil Ba eTapau WapTaapuiad
n6opar.
Kyunap cucremacun MyBposanataa OyJHWH yuyH GO BEKTOP
Ba 6Ol MOMEHTHHHT HOJIrAa 1eHr OYJHINH 3apypJaurd MyHAAKH,

arap Mo =0 6yau6, -l«?’ HoAnaH (papkau 6¥.ca, Kyuaap CrCTEMach

TEHT TabCUP ITYBUWTa KeaTupusaanu; arap R’ =0 6yaub, Mo Hoa-
Aan dapxau 6y.aca, Kyunap cucreMacu Ky(@rTra KeJATHPHJIaiu Ba
KUCM xapaxkatrna Oyaanu.

By waptaapHUHT eTapad 3kauauru wyHnaky, R’ =0, Mo = 0
6yaca, Kyusap CHUCTEMACH HOJra 3KBHBAJNECHT, 'BHU MYBO3aHATAa~
TH CHCTEMAaHW TAlLKHA 3TakH.

R’=0 xoaupa 60I MOMEHT KeJATHPHII MApKa3UHUHT TaHAaHH-
wura G6oFAnK 6yJaMacAWUTHHM aBBaa YKTHPUG yTraH 3AuK. Bunoba-
PHH, MOMEHT MapKasd YYyH MUXTHEDHH HYKTa OJHHHIIH MYMKHH.

Ievak, uxmuépuis kyiaap cucmemacu mys803aHamoa O6y.aunuLL
YUYH KY4AQD cucmemMacunune GoulL 8eKmMopu 8a UXMUEpUL HYK-
maza uwucbaman 00Ul MOMEHMU HOAQ MeH2 GyAuwmn 3apyp 6a
emapaunoup:

R =0, My=0. (9.11)

(9.11) ndonanap uxmuépuit kywaap cucmemacu My8O3QHAMIL
uapmaapuruue gekmop ycyawoa 6epuavwmuanp. MyBsosanar
IIaPTJAPHHHHT AHAJIHTHK YCyJaaa UDONANAHHIIMHE aHUKAALE YUYH
(9.5) Ba (8.21) ra (9.11) un gyamus,

AR n 7 ’a 3
I“’/ (:th + EFiy\"I'(EFu) =0, l
i=1 =1

p]

= (9.12)
V Mye+ M,y o+ M, = 0.
ByHuna
n . i -— a g
M0x=vmx(fi‘» ““O‘I = .\.:my(,.‘,' /”()."—‘ :”ll(f")

i=1 -1

-
—_
-~
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TeHT AMK/TapHU 9BTHGOpPra oacax, (9.12) udonansapnan

EFlr:"”o :F1y=nl EF¢,=0. i
z——-ﬂl 1==] . =1 , ' {9]3)
SmF)=0, Smy(F)=0, Im,(F)=0]
=1 {=1 I

=1

keaub wuxanu. (9.13) axmuépuii kywaap cucmenacw mygosanam
wapmaapurunez anarumux ycyaoa wbonanannwuanp. lynaai
KHaub, nxmuépud wywaap cucmemacu mysosanamoa Oiauwu
YAYH 0apia KYEAQPRURZ Y4Ma KOOPOUHAMA YKAGPUOGZLL RPOCK-
QUAAAPUHUHL Qa2e0pauk HurgrouAapy 8a Y4ma KOOPOUHAN: O
ygaapuza Huc0aman MOMEHMAAPU QA2E0PAUK  WHFUHOUAQ-
PURitHZ xap Oupu aroxuda-aioxuda woaza meHz Oyidwn 3a-
pyp éa emapaudup.

2. Dasoda y3apo napaises HOUAAUZAH KYLAQY CUCMEMA=

curune mygosanamu. (F,, Fq, ... ,F,) »0 Kyunap cucremacu raul-
KM/ ITYBYUAAPUHHHT TABCUP WHBUKJApU ¥3apo mapanagen GyJcud
(9.4- pacm). Koopauwnara Vygnapuian OuUpHHH, MacataH, 2 YKnu
Kyunap TabCUP HW3MKAApUTra mapaanen pasuwiaa yreasub, (9.13)
MyHocabaTiapHd Ty3aMmus. ¥V XO0JRa, Kyda4ap X Ba y yKaapura
neprneHankyaap Oyaranu yayn (9.13) HuHT OvuDMHYH Ba HUKKHHUU
TexwrsnaMasapu afinuatra asfinanamu. yuuuraex, xywaap Tabcup
uyH3uKAapH 2 YKKa napajaes Oyarasuaau, (9.13) HUET oxupru
TeHrJiamMacu Xam afiumatra afinanaiu. Jewak, dasona ysapo na-
pajanet Ko#aalraH Kyd/iap CHCTeMaCHHMHI MYBO3AHAT Waprjapu
Kyhiugaruya €snsnany.

n n - n —_
N r.=0, NmFy=0, ¥m,(F)=0. (9.14)

f=t 1=1 to={

3. Kecuuwysun rysaap cucmemacurunz mygosanamu. Kecu-
MyBYY Ky4/Jap CUCTEMACHHHHT My-
BosanaT waptiapu (8.9) Tenraa-
Manap Ouaan MpOAALaHHIIN OH3ra
MabAyM:

n n
.
EFU:'O' ZFU:U'
i=1 =1
n

vF(:=(.)-

aml
i=1

Kentupuur maprasa yuyu xyunap
TABCHP YHM3HKJAAPHUHUHT KECHIUWII
Hygracuuy oJacaxk, (9.11) mpona-
HUNT vKKnnyucu, GuHoGapuH (9.13) 9.4- pacu.
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HUHT OXWPrY yuTa TeurJamacd adinuatra afinanaau Ba (9.13) nau
(8.9) KypuHulIAary MyHoca6aTaap XOCH. 6yaan,

Arap MyBO3aHAaTIAarH KEeCHIWYBYM Kyunap CHCTeMacH GHTTa
x0Oy TeKUCAUruaa Koinauran OyJica, MyBO3aHaT TeHrJaMmajapu
HKKHTA OyJanu:

a L
» A
:F“=O. \f,y-:().
r___J
i=1 =1
4. Teﬁuc.’lll/{dazu Kytiaap cCUCmemMacurniune Mmysozanami. Arap

(1, Fo o JFQ) T Kyunap cucreMacd 1eKHCAWKAATH KYYadp CHC-
Temacuaan ubopar 6y.aca, Kyuaap érran rekucauknua Oxy Texuc-
aury  ae6 Kapacak, kyumap Oz yKKa nepnenaunky/asp OyJ/rasu
vuyn (9.13) TedrnaMafaprRunr yuHHUMCH afnugTra adaananu. ly-
HuHraeK, kyuaap OxV Texucauruaa €riaHd yuyH yJApHUHT Tab-
cup unsugaapu Ox, Oy yxaapuu éxu xecud yTaam, €ku y.aapra
napaJsaea 6yaanu. Hatuxana (9.13) nuHr TypTHHYM Ba GeWHHYH
TeRTIAMAJAaPd XaM aWHaH HOJra TeHr 0yJad/aM; Kyuadp cucTeMacu-
Huur Oz yxKa HucGaTad MOMEHTH 3ca yaapHuHT O HYKTara HUC-
6aTaH MOMEHTIAPHHUHT ajarefpaug HUFWHAUCUCE TeHr OyJaand.
iUlyrpadd kuau6, (9.13) Tekucaukaarw ysapo MyBO3aHATNAWYBYH
KYUu/aap CHCTEMACKH YYYH KYHMAATH KYDPUHUWAA €3uaaiu:

n L] . -
NFie=0, NFy=n.  NmaF)=0, (9.15)
=1 d=] t‘=-T

SIbHU MeKUCAUKIqL Ky4aap cucmemacy mysosanamoa Oyauuu
VAYH MAuWKUA 3MYBLU KY4AAPHUHZ Y3aP0 NEPREHOUKYARP UKKU
yKdazu npoexyusiapu Qaazebpaur RuruHOUAQPUHUHE Xap Oupu
XaM0Q uxmuépui HYKmMmaza HUcOaman MOMEHMAAPUHUHZ aA-
eeOpaur qurunduct Hoa2a meHz OYauwu 3apyp 6a emapaudup.

(9-15) udopanap merxucauxdazi KYy4AQp cUCHEMAcq MY603a-
Ham wapmaapurune OUpuniu—acocuil Kypuruwuoarn wu6opar.

Texucaukaary Kyuaap cucTemMacd MYBO33HAT (WAPTAAPUHHEL
HKKHHYK BA YUWHUH KYPUHUWIAAPH XaMm MABKYA.

Teopema. Texucauxdazi kKywaap cucmemacu Mysosanamda
Oyanuwy ey Gapua Ky4aaprunz 6up myrpu 4usukda émmaii-
Ouzan yima Hyxmaea HUCOAMAH MOMeHnmAaapu aAzebpaux iu-
FuUROnAGpURLHE xap Oupu HOA2Q mene Oyauwu 3apyp 6a emap-
Anoup:

n

. " .- —_—
:mA(Fz)-=O, :mB(F,)=O, Emc(F,)=O, (9.16)

s

i=1 =1 1=1

9.16) na A, B, C Gup TyFpu 4u3uKina €TMafilHran HyKTaJapAHD.

Hcodor. Kyunap cucremacu myesosanataa Oyauwd yuyH (9.16)
ndonarapHUHr 3apypaurd GyHAad Kyuaap cucTeMacw yyyH MXTn-
épuit mapkasra Huc6aTaH 6ol MOMEHTHUHT HOATA TEHr Gyauiuu
3apypJauruian Keaud yvgaau. (9.16) wapraapHUHT €Tapav KaHH-
sy, abHu (9.16) OGaxcapuiaranna, TeKHC/MKIAArH Kydsap cucTema-
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I

CUHHMHT MyBO3aHaTaAa Oy/anwnun ucbortaafivuz, (9 16) mapraap
6axapuaca xam KygJaap cdcreMacy MyBso3awaraa Oyamaiiu aed
dapas KuJalauK. ¥ Xx0.1a, Kyu/aap CHCTeMacH TeHT TabCHD 3Tys-

uy R ra KeATdpuaduiy Kepak. Arap R KyUHWHr TabCup uu3uru A
Ba B HyKTasapiaH yTca, YHHHT LIy HyKTaiapra HucGataH MOMeEHT-
Japu HoJdra Tenr Ba BapunpoH Teopemacura Gunoan (9.16) uunr

-

OUPUHUN UKKATACH YpUHIM, OHPOK R HUHT Tabcup au3ury C HYK-
tanan yrta oama#ian (A, B, C #Hykranap Gup TyFpH uM3uKaa &r-

maiinn). Hatuxkaga me(R)+0 6§aud, Bapunbon Teopevacura Ky-
- -> 2 ->
pa mc(R) = N mc(F,) #0 xean6 uukamu. By (9.16) wmapraapra
r]
=1
sunanp. by 3upauat kuaudrag Qapas HOTYFPUANTUHM, KyuJaap
CUCTeMACH MyBO3gHATAa OyJMLIMHH KypCaTanu.
(9.16) mynocabataap mexucAukoazu KY4AQP CUCMEMACH Y-
B03AHAM WAPMAAPURUNE UKKUHAU KYPUHLLLL AeEUAa .
lerucaurdaen KyiAQp CUCMEMACH MYS03AHAM WAPMAGPU-
HUMZ YHUHLW KYPURLWL KyHAHAaruua:
" . n N "
N\ N > N\
ZmA(Fi)=O, ZmB(fi)=O, ZFH=O. (9.17)

=1 =1 =1

Byuna Ox yg AB TyFpu uusuKka nepuedaukyaap 6yJaMacaura ke-
PaK, ABHU MEKUCAUKOAU KYEAQD CUCMEMACH MYE03aHAmOa Oy-
Auwn YLYH O0apua KY4AApHUHRE uXMUEpui ukki A sa B Hyxkma-
eq Hucbamaw MoMeHmAapy UUrUuHOUAAPUHUHZ xap 0.ipu Xamox
AB myrpu wusuxka nepreHouKyaAap OYAMAzan YKOGl RpPCeK-
QUANAPURUHE LUFUHOUCH HOAQ meHZ? Oyauwu 3apyp sa eiap-
audup.

By Teopema xam appaaru TeopeMa CHHrapH HCOOTJAAHAAM; T(O-
pema HCOOTHHHM YKYBYHra XaBoJa 3TaMmu3.

5. Texucaurdazn napastes KyiAap CUCMEMACUHUR? MYE0-

sanamu. (F,, Fy, ..., F,)»n0 Kkyunap cucremacu TabCHp Tu3UKJA-
pPM y3apo mapaajes Ba GUp TexuCauKAa xohsauwrad 6yacun. Oy
VKHM iy kyunapra napaadeda fyuaatuput, (9.15) mynccabataap-
HU Ty3CaK,

n
N Fy=0, Nmo(F) =0 (9.18)
=1 i=1
kKenmu6 uukanu. (V.18) merucaurxdazu napasies KyLAAGPHUHEZ MY~
s03anam wapmaapury npoaarainu. Arap (9.15) ypuura (9.16)
Iad doiifanancax,

n

Sma(F)=0,  Nma(F) =0 (9.19)

=1 =1

KypuHumaaru MYBO34HAT MAPTAAPHUHH XOCHJA KHUJAHII MYMKHH.
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9.5- pacw.

25-macana, P=12H orupauxaarn Gup xunciu AC 6anxa-
aunr (9.5- pacm, a) BC gucmura uuredcusanry ¢ =3 H/M Gyarau
TEKHUC TakCumaasrad, AB KHCMHra 3ca MHTEHCUBAMIH YH3UKAM KO-
HYH acocula HOJMAAH ¢ Taya opraiurad Kyu Kyhuaran. B sa C
TAAHYAAPAATH PEAKUMA KYUJaapH anugJgaucuH. Daaka yazamgaapu
pacMaa KypcaTu/ra.

Eunwi. AC 6aska MyBO3aHaTHHH TexIlupamus. AsBan Oajika-
auur BC pa AB Oyaaxjapura gKyHUJArad TaKCUMJAHTAH KydJapHu

- =
HyKrara gyiuarad Q,, Q, xydaap Ounad aamawrapamus. By xyu-
JIADHUHT MUKAOPJAPH YJap 3ragiad Typrad ,i03ajnap” MUgAopura
TeHr OY/aAM Ba MA3Kyp 103anap OFMDJNK MapKasaapulan YTYBUH
BepPTHKA YH3HKJIAPHUHT 6Gaika OuJaH Kecuwuumi HygTarapura (D
Ba £E) xPauaanu (9.5- pacMm, 9), AbHU

Q,=BCq=72H, Q,=§Ag.q=1,8n;
BD = 5‘25 =12, BE= ;—AB=O,4 M.

AC Gaaxara xyfuaran P, Q,, Q, KyuaapHu pacmjaa TacBup-
Jafimus.
Boraanumaapay peakuus KyuJaapu GuaaH anivamrupamus. B—

Ky3FanyBYX WIAPHUPJAX GOFJAHUII peaKuus Kyuu Kp Tagny TeKUC-

—_ - —-
JIUTUTa JTKA3UATAH NEPReHAUKyAsp Gyhuua t¥nanamu. P, Qi Q,
Rp kyunap y3apo mapanien Oyaranud yuys C KysFasvac WapHUP

—
peaknuacuy R¢ TabCHP 4M3WFM XaM LIy Kyuw.aapra napaJjiea 6y-
JA3JH.

yupas kuaubd, AC 6aaka TeKUCAMKAArd nOapaniesn KydJaap
CHCTEMacH TabCHpHUAa MyBo3aHaTAa dkad. (9.18) kypusnuinaru my-
BO34HAT IAPTIAADHHH TY3aMu3:

:Flp':(): Re—Q,+Rp—P—Q;=0, (1)
Sns(Fy) = 0: Qe BE— P-Ba—Q, - BD+ Re-BC=0. (2
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' Pacvaan BK uun anugaap- . v
‘ .. AB+ BC ) -
er13: b =""T—Z—AB= s % i
! < . ’ . v
| r-—’ “A,(‘ ‘ B -
(=05 8 c;éﬂ"gn i 4

(2) 7Tenranamapan: Rc= e e : p
FJ p.BK+Q,-BD—Q, BE _ Ll ]l v A
gl BC s R
' -6,3H. 7
" (1) Tenraamaman: Rp = :

6. pacs.

=P+Q,+Qy — Re=14,7 H.
26-macana. AB Gaaxa A Hyxtama Xesopra XuUCuf mMaxKamaaH-

ran 6yaub, yura 9.6- pacmpa xypcarnaranjgek F;=2H, F,=3H

Kyuaap xamMaa eakacu d=2m Oyaran (Py, Py) xydt Tascup
granu: P=P,=1,50H. A rTasuu peakyua1apu aHUKAAHCHUH.
Eugum, AB 6asxa myposauaruHu Texwupamus. Baskara 1abpcup

- -

— —
srysun Fy, F, xyunap, (P, P,) xydr xatopura A TasHY Deak-
guaaapuin gywub, AB Gaakanu 3pxkuH X0ara kearnpamus. A
dykTana Gajaka kucub MaxkaMaaurand yuys 6y OorRanuw Gaq-
KBHWHT Ky4Jap TAabCHPHIA rOPH3OHTaA Ba BepTukak Oyiaal xa-
pakatura xamaa CanxanMHr A HygTa arpoduia afjaHHIIMra TyC-

gunauk xuaasd. WWynwer yuys A tasnu peakunsacu Xa, ¥Ya pe-
akuus Kyunapu xamaa My peakuuss MOMeHTH GuiaH udonataHa=
. Ma MoMmeHT GankaHUHT ANAHUWNIE TYCKHHAHK KWJadH.
Ulyunai xuaub, AB 6Gajka TexuCA¥KAArd Kyuyaap CuUCTeMacu
TabCHpUIA MYBO3aHaTAa 3kaH, (9.15) MyBO3aHaT TeHrsaaManapuaan
gofinaraguumus myMxud. (9.15) xypruHmaars veurJaamaaap-

HU TY3HiIAa (15:, 752) Kydt, Ma peaxiys MOMeRTHHUHT Ax, Ay

— -
YKJIApAATH NpOoexuuaIdpy Hoara Teur OYauwwpnu, (P, P,) xydr
MOMEHTH MOMEHT MAaPKA3HHURT aHJAHUIIUTA OOFJHK SMACAUrHHU

3BbTUOOPra ONaMus:
2FM=O: Xa— F,cos60° =0,
SF"” = (0: Y 4—F,—F,c0830° =0,

)
2)

EmA(F}) =0: FpAD— P, -d+F,-AL — Ms=0, (3)

A HyKTasu MOMEHT MapKasy y4yH OJulIHMHr 6OMCH WyHAaKH, A

~ —
sygrara gyiuarag Xa, Ya Kyunapuusr my mapkasra sucGarad
MOMEHT/apH Hoara TeHr Oyaud, (3) Tenrnamana 6y HOMAbAYM-

JAap KaTHAMIMAaRAH,
F: kyynuur A Hykrara wuc6aran eaxacy AL wu ACL yubyp-

qaKaad aHHuKAalkMu3:
146
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AL _§in60° &xn AL = AC- sin60° = 223y,
AC 2

(1) tenraamanan: X, = F,cos60°= 1 H.

(2) Tenrnamanan: Y= F, -+ F,cos30° = 4,73 H.

(3) Tenraamanan: Muy=Fy  AD — P,-d 4 F,- AL = 14,65 H.y
Xa, Ya, Ma rartanugaapaudr Myc6aT umopa Ouaan 4HKULIN
yAapHuHT ftyHainwnapu 9.6- pacmaa kypcaTuaranniex OyaHIIWuu
TACAUKAAHIN.

27-macana. 9.7- pacm, a na racsupaanran, ysapo C wapuup
6nnau Oupuktupuiran, AC sa CD GyaaxaaplaH Ty3uaraH cucre-
mara P;=6H, P, =8 H xyunap tabcup stanu. Cuciemanunr E
HyKTacura L 6J0K OpKad¥ YIKazuAraH HOHUHT Gup yuu OHpuK-
THpuJiran 6yan6, ukkuHud H yyura Q = 10‘H wox ocuaran. Muw-
Kalanuiuaapuu abtubopra onmain A, B, D tasnusapparu peakuus
Kyunapu xampa cucremanuir AC pa CD wucMaapu opacuiaru
¥3apo TabCup KyuJapu aHMkJAncHH. Kepaxau yauamsap pacmia
KypcaTuarag.

Euum. FLH vnra ocuaran Q 10oKHUHP cuctemara Tabcupu EL
Gyiinua coaup Oyanbd, L 6aoxmary HlKajdaHuil 3bTHGOPra OMuH-
marauy Tydatian 6y tabeup muknopu Q ra teur. CucreMaHu 3p-
KHH X0/ra keatupuil yuyH A Ba D KysfFanyBuH IIapHHpAAPRATH

Ra, Rp peakuus kyunapusu TasH4Y TeKHCAHKIApUTa §TKA3WAraH
neprnedaukyaspaap 6yihuua #iyraarupamus; B Ky3raamac waprup

peakuHs Kyuyu 3Cd y3apo nepueHinkyasp Xg, Yp Tamkua strys-
unaap opkaau udonaaanaaun. Haruxana Oup TeKHCaMKAa ETyBUM

— — « = - - -

(P, Fy, Q. Ra, Rp, Xp, YB) Kyunap cucremacn Xocusa Oy.aanu.
MabayMKky TeKHUCIHMKAA WXTHEPHil XORJamran Kyuaap cucres

MacH MYyBO34HAT LIAPT/AAPUNH KYJnal yuTa TeHATJIAMa Ty3ULl MyMm-

KuH. X0CuA 6yJrad HOMabAyMAap COHM 3Ca TypTTa. Yura TeHr-

JamManap CcucteMacunad TYDPTTA HOMABAYMHH TONHG Oyamaigu.

7 r $
.
YV x
4 A ‘ -
45w Z/ £ hos
%
N 7 P AN EA
“ 5
7
30° & ’
. 13
5 2 -
( %
g Ny YN\
= y;
Xc s
9.7- pacwm.



JLlyHuHr yuyh Oepuiran cucteManu C HyKTana MKKM KMCMTa ax-
patib, Xap Kaficu OyJaaxHUHT MYBO3AHATHHH d10XHA&-310XH/1A

( rexmupamus. CD Oyaaxnunr AC wucMmra TabCHpuhn X¢, Yo xyu-

-, -
aap 6unau, AC uusr CD ra tabcupubiu X¢, Ye Kyunap Guaad

anmatutHpamus (9.7- pacm, 0, g). Tabcup aKC TaBCUP KOHYHHTA

| kypa X¢= —Xe, Ye=—Yc. ABC xucn MYBO3aHATHHYU TEKILH-
[ pamus. (9.7- pacm, 0). (9.15) KYypunnIIIAr TEHFAAMAJAD Ty3aMu3.

Q xyunuar C HygTara HucGatan MOMEHTHHM XucobJqawna Ba-

—

| puHBLOH TeopemacuaaH ¢oiinananamus, AbHU  KYyY MOMEHTH

! ypHu'a yHuar Q,, (; TaWKuA 3TYBYHIADUHHHT MOMEHT/IADUHU

xucobaaimus. @ Tabcup unaduiy C HYKTaAaH yTIAHW YYYH YHUHT
Oy Hygrara Huc6aTdH MOMEHTH HOJATd TEHr.

A Y Fre= 02 Ng— NXe— Q- cos45° = 0, (N
EFU: 0: Vg—VY—Qcos45°—P, + Ra=0, (2)

Emdﬁ}):oz Npel — Qcos45°- 1+ P,-35—R.-5=0.  (3)

CD 6ynaxuuHr mMyBO3aHatuHu Tekwupuwaa (9.17) Kypuuuu-
Zard MyBO3aHaT Wapraapuiad Hoinananamns:

N mp(Fy) = 0: Py 1,5— Ve 3=0, )
Emc(?i) =0: =Py 1,5+ Ky -3sin60° =0, (5)
EFixzo: X¢~— Rpcos 60° =0, (6)

(1)—(6) renrsamajsap cucTeMacuHu e4ub, HOMAbJAYMJIaPHH aHHK-

JauMu3:

Ra=466H, Xp=9,38H, Vg=12,41H, X¢=2,31H, Ye=4H,

¢

9.8- pute

R =462 H.
Tonuaras HaTHKAJAPHH Ky HHU-
Jaruya TeKWHpAill MYyMKHHD

6yTyH CHCTEME YUYH ‘\_:I'h:
Y

=0, ZF,,:O Tenraamanap-

HH T1y3ub, TOMWATAH KuAMaT

JApHY Wy TeHrJava/napra

Ky#iranaa adHuAT xocua 0y-
JIMLIH KepaK.

28- macaJa. OFupauru
Q= 10 H 6yarau TyFpu TypT-
Bypuax waxkampparu ABCD
naura  (9.8- pacm) cdepuk
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wapHup B, nuannapuk wapuup C €pravMupia AeBopra MaxkaMmagy.
rai Bay OMp yun AeBOPTa, WKKMHYM YUM NJMTAra GHPHKTHPUArgy
DF wn Bocutacupa ropusontas xosana ywaas Typuaanu. Ilautars
momentn M =20 H.m Gyaran xy¢T xamna £ HyKTana ropusonray
6viivua fiysaaran P =5H kyu Ttabcup sranu. DE=FEC =05 y
BC =2w, a=60° B=230° ne6 osn6, TanHy PeaKUMANPH Ba un-
HUHT TApaHrAHK Kyuu anug/Iancud. KoopmuHata ¥KJ14pu pacmpa
KypcatuaranaeK OJHHCHH.

Eunwi, ABCD) nanta MyBO3aHAaTHHM TEKIIMpaMH3. YHFA Tatn-

CHp 3TYBYU b, Q—.qunap Ba M MomeHTIH XYQDTHWU pacMaa Tac-
BHpJAaiiMua. B cdepux 1mapHupsay OOFJaHHLIHH }B, 719, Zs peak-
uus kyusaapu Ouaad, C UMAMHADUK WAPHUPJAM GOF/AHUIIHHU 5(.(;_
Ye peaxuus Kyuaapu Gmaan xampa Df unm Bocutacuparu GOrja-

HAIMHY YHUHT TAPaHr/MK Kyduud 7' 6uJad anMamitepamus.
Hatuxkana ¢asona uxtu€puit xoiaawrad kKydaap cucremacu

xocua 6yJnand. BunobapuH, UXTHEPUHA Kyu/aap CHCTEMACHHHHI My~

Bo3anar wapraapu 6famuw (9.13) MyHocabariapuu TY3aMus.

7 Ky4HHHT X Ba y yKJapaard npoexknusnapunu xucob.awja
aBBaJ yHU BXY TeKUC/Urura, CyHrpa yKaapra npoeKuHsiaimMus.

T KyuHHHT KOOP/MHATA YK/IAPUrd HACOATAH MOMEHTIAPHHH XHCOD- '
AaWAA KYUHHHI KOOpJAMHATA yKJjapura nucOaTan MOMEHTHHH aHa-
AWTHK yCyJana anugaawm ¢opmyaacu (8.14, a) dopmynanrapian
dofnanannm Kynai; 6ynxa D nygra xoopaunaranapu (CD, BC,
0) Oyaanu.

EF,,,:O: Xp4- X¢—TcosB - cos(90° —a) =0, (1y
‘\_:F,y=0: Ys— T cosB-cosa —P=0, (2)
NP, =0: Zy+ Zo— Q+ Tsing=0, (3
me(/::)=0: —Q-%9+ Tsing-BC + Zc-BC =0, (4)
N (F) =0: Q-C—QQ—- T'sing - CD =0, (5)

Emz(i_f:i)= 0: M—X¢-BC —P-CE— Tcosgcosa-CD +
-+ TcosB - cos (90° —a) - BC =0. (6)

By oatura Tenrnamanap cucreMacHHu euul, HOMAbAYMJIAPHH aHHK~
Nafivu3;
T=577H, Xe=10,53H, Zc=0, Zzg=35H,
Yp=23,56 H, Xz=—803H.
Xp Huar mauduit umopaau uyuguwu Oy KydY pacmaa Kypca-‘l
TWITaHKUlra TECKAPU HYHANTAHAWTMUHA OWJAWDPALH.
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Fr X 606. HIUKAJAHUI

BOFAQHUIL TypAapu xypu/aa€Tragna arap >KHCM Faanp-Oyayp
47 BOCHTAacwaa Gorsaasuwina Oyaca, HopMasa peakuus Kyun Ou-
ﬂah GUPAMKAA HIUKENZHULD KYYH XaMm MaB¥yll oyanmu xauna
ycKaua TYXTanran dauk. 2KucMAapRAHr Oup-Gupura wucdara
a1y 6KM XapakaTHHUHT XapakTepura Kapad uUIKaTanHuuaap
xaM Typauya 6ynany. BDUD KUCM WKKHHYM JXKHUCM CUPTH Oviinua
wapakaTH BAKTHIA EKH X2PAKATrA KeATHDUIMOKAH fyaragaa Oy
wCMAp CHPTAApHHUHT Gup-Oupura Terub Typrad ypuuMa TeKuc-
JMKAGPHAE XOCHA OyJanurad HIIKaJaHUWIAD CHPHARRWLOGZE Wit~
KAAAHILUAAP ReRUANH. ) )

A ucM HKKHHUYM KHCM YCTHAa AyMaftaérrauuaa €xu ayManaul-
ra watuaaérranaa (Macanan, UMIAUHAP TEKUCAMK yCTHAa AyMmana-
Wy éKxd AyManalld OJAMAA) CUPNAHHILAArH HUKAAAHHIILAH Talli-
gapu Oy HKUCMAAD CHPTAAPUHURT AeOpPMALUAIAHEIN HATHIKACH A
HUCMHHAHT AYMaJAWura Kapuwu TabCHD 3TYBYM KYPT XOocHa 6y-
ganns OYHAAN MKAAAHUW OYHAAQUOaU UWKGAGHLW NEHRAaiu,

Bupop cupria THHY TypyBud mucMra (Macaanaw, mapra) Mo-
MeHTd YOy CHPTCa THK OYaraH XKy(QT TABCHP KUJAHIIHAA XOCH
6yarag umwKaianuu Oyparuwoazy wWKAAQGRUL [efinjaiu,

MuwKgaranuwaap Gakarruga KaTTHK JKUCMJAAP OpacuiaruHa aMac,
6ankH KaTTRK XKUCM OujaH CYIOKAWK €KW rasJjap opacuAa xawm
6yauwn MYMKHH. KaTTHK KucMm Guaan cyioKaIuk €xu rasnap opa-
crAard KUIKaAaHuI KACM yaapra nucbatan Xxapakataa Oy/Aras-
Jarnna coaup 6ynamnn.

Hasapuit mexanuxaza gakatr KaTTHK XKHCMJap opacula coaup
Oyaanurad MIKanaHuWAap — KypyxK WiiganaHuuaap yprauuianu.

x0/1

43- §. Cuprnanvnjard MHIKAJaHUII

Ornpauru G 6yarai xucM KY3ra/aMac CHPT YCTHra KYHu/iran

—

6yacun. KY3raaMac CHPTHHHT HOPMAJ peakuuacuun N necak

- —-
{10.1- pacm), G ma N ¥3apo MyBO3aHAT/AAWUG, KHCM THHY X01aT-
na typanu. KMCMHHHT CUPT OWaAaH YDHHHLI HYKTaCura, CupTra

—r

YTKasuaraH ypuEMa Texucauxaa €rysunm 6upop Q Kyuy Kysiauk.
Arap xucm Ba cHpT ujiea’ cuaauk Oyaca, 6y .

—
ky#naran Q Kyd xap KaHma#t Kuyux OYJa-
MAacHH, JXMHCM XapakaTra Keadld Kepak.
Tawpnba KypcaTaauky, KYUHUHT MaABAYM GCu-
pop Quax MHKIOpHraua XHUCM CHPT yCTHAA

cupnanmag Typasepand. (@ xyuyHda owdpa 60-
PALI HATHKAECHAA KHCM CHPT YCTHAA CHD-

rana 6Gownaiigd. By sca N nopman peakuuns
KyudAan tawxKapud OOFAAHRUL CHPTHra yT- 10 1+ pacw.
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Ka34araH ypuUHMA TeKucaukAa €érTyBuum Oupop F peakuus Ky-
-

4H XaM TabCHP ITHIUMHKM OWAAMpPALH, ABHM peakuusd Kydua IV Ba

-~ —_

Foramxnn svysunnapnan ubopart Gyaagu. Peakuuss KyuuHuHT F
TAUKAA STYBUHCH (UPRARIN0A2E WUKAAGHLW KY4U Aelnaanu.

Cupnannw Gowananrynua £ Ba Q Kyuaap ysapo MyBo3aHaT-

aAawanu: =—(; 6ynnan KypaMuHskH, Q KY4YHHAHT OpTHWIU Ou-

JaH [ pwKanaHuIl Kyyw xaM opra Gopaad, sbHH F Kyd $aM HOA-

JaH l‘}max ra Moc KeJayBYyd GHPOP Fray TaYA yarapanu:
0K F LF . (10.1)

Iy nyxrtam nasapaan uwkajsanumil Kyuyd HOAQHUK Xucobaananx.
ILUysuHr ydyyH KHCMHHHF HUCOMA MYBO3aHATH XO/AdTHAA HLIKAAA-
HULI KYYUHUHT YJA4YOBH CH(ATHIA YHUHT MaKCHMan skHAMATH OAH-
HAlW Ba Y CUPRAHUMOAW CMAMUK WWKAAQHUUL KY4l ACHNA31H.
Bup-Gupnra nucdaran xapakariaru Xucmaap opacuia cogup 6y-
Aafurad UINKanaHull Kyulaapu OJUHQMLKE WHKAAGHUM  Kyirapl
ldeinaany.

WMimkanranu Kynruna Mexasuk dkapaénsapaa coauwp Oyanmm-
ra xapamMacaaH, YHUHT aHUK KOHYHJapu ypuaru/amarad. by epza
6us Kyaown (1736 — 1806) TomoHnAaH KyAa Kyn Taxpubanap aco-
CHAd VDHATUAraH Ba NPAKTHK Taa0/MapHH KOHAUPYBYUH KyHUIArW
HUKAAAKRILUL KORYRHAAPUHIL KeNTHPAMUS.

1. Hugaarannw kyqw ocucuaapuune Oup-6upiuza meaué my-
PYBIL HYKMAAQPUOAH JHCUCMAAP CUPMAAPULL YMKAZURALAH YPUH-
Ma mexucank 0yiiaab mascup KUAUD, YHUHEZ MOKCUMAAL KWiima-
mag HOpMaA peaxyusza RponoOpyuonHar 0yaacu:

Fm“=[~N' (102)

OyHaa [— cupnanuuioazn cmamuk QHLKAAQHRUL KOIPduyuernmu
Aednaanv. ¥ xap Xusn xKucmjaap ydys Typanua Oyaus, taxpunda-
A4H anuKnaHanu; f ya4oB Gupadrura sra smac.

2. Hugaaanuil KY4UHUH? KRAMAMIL QUKAAARYELUL CUPMAAP-
HUHZ yaiamuza GOFALK 3MAC.

3. Huwraranuw rosppuyuesmy wuKasanysind HUCMAAP
CUPMAQPUHILAL WU AQHL UL2X, YAAPHUHZ PU3LK X0ccarapi 6a
Xoaamaapuza (HaAMIAWK, TeMuepatypa Ba X. K.) 00Faux.

4. Juramuk wuKaAaHUU KYLAQPU CRIAMUK WHLKAAQHILIL Ky~
4uoaK Kuiur 6yaa0U.

lynnait xuaud, 6upop cuprra Terud TYprag XUCM CHPHAHUI
onauaa (MyBosauaT uerapacupa) 6yJaca, CUPTHHHT TYaa DedKilust
KYTH YSHHHHT MaKCHMaJ KUHMaTura 2pHIIafH:

— - —

Rmax =.V |- ‘l'max-
MakcuMan T§na peakuus Kyud Ry, GuJaH HOpMan peaxuus Ky-
150
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10.2- pacm. 10.3- pacwm,

un N Tamwkun Kuarad ¢ Oypuak wmxatanuu 0yprazda AeHHRAAH.
10.2- pacmuan:
F
g ¢ = mar
g1 N

(10.2) ra kypa 6y TeHraukiau
tgo=7f (10.3)

Keanld yuKany, AbHY HKasauuim OYPUArHHUHT TAHI@HCM MUiKa-
JARMUT KO3( puLLMeHTHTa TeHr.

Aucmun cHpUAHTHPYBYH Kyuaap GOFAAHMII CHPTHIA yTKAa3uJ-
raH ypMHMa TekuCAHK OYfinua Typauua AYHaauwaapiaa Kyluannm
MYMKHIH; LWIYHFA MOC pPaBUIIAA MaKCUMaJa KIIKAJAHUIT Kydaapu
XaM ypuHMa TeKucAuKAa Typanga Hypamumuy wmymxus. Hopwman
peakuua Kyuura uucbatan xap 6up MaKCUMas HIUKAJAHUW KYUH-
ra MOC KeJyBYM TyJa peaklUus KyuuHH yTkascak (l10.3-pacum),
YHHHI TEOMETPHK yPHH KOHYC CHPTHM udosanaian; 6y KOHYC
LUKQAQHUU  KOHYcW Jlefizsaad, Arap Gapua HyHajauwaap 6yiu-
4a MIIKasaHUuL Koap@uioueHtH 6up Xua 6faca, HMIKAAAHUIT KO-
HYCH J10WpaBufl kKOHyCAaW ubopar OyJaan.

Fanup-6yayp cupT BocuTacuzna GOFJNAHUIIAATH KUCMTA KYHHJI-
ral KyuJap cucTeMacH MyBosaHaraa 6yaca, 6y kyusap xatopuia
HUWKAAAHUII KYYH X4aM HIITHPOK »Taau. YMyMaH, HWKAJaHHLI KY-
4y (10.1) mynocabarra xypa y3arapuinu MymxuH OGyaranu Tydaifi-
Jd, Oynaal Ky4aap CHCTEMaCHHUHT MyBO3aHaT LIApTJapu TEHTJIa-
Ma Ba TEHTCH3J/HUKJaP Opkaau udonasaHai.

Bab3u MyBosanar Macananapuhd xaJ KRAHIMIAA HIIKEJaHUL
KoHycuaaH (OfANAaNaHUIl MYMKHH. Arap KHCMHH XapakaT/JaHTH-

pHllY MyMKUH OY/AraH KyuJaap — akTHB wyudap A% Teur TabCup
3TYBUNMIA KeATUPHJCA, UKKH Kyd MyBO3aHATH XaKWlaru aKkcuoma-

ra acocaH, XHCMHHHT MyBO3aHaT xonaruaa 6y K kydy TyJaa pe-

akund xyyuw R Guaag Gup TyFpu uM3ukaa €THIIM Ba YHUKD Tab-
CHD YM3WFH WIIKAJ&HHII KOHYCH yuujaH yruwu xepak, Mysosa-
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y 2 HAaT derapacuia akTHUB KYUYJdDHUHI TEHT Tab-
CHD 3TYBUNUCH NIIKAJAGHUII KOHYCHHUHT fCOB-

ymub, wy KOHYC uinoa Exu KOHYC ACO8LUCH
Oyiinab  fiyRanszan O0Yauwn emapanoup.

o —

év%f{’f yucH Oyiinab Hynasranu. BuuoGapuu, radup-
;/'\}_u\"ﬁ O6yoyp cupm yemuodazu HCUCMHUHZ MYE803Q-
48V 7 Hamoa Oyauwy Y4yYH YH2a KYAUA2QH aAKMUS
,: W e 7 KEY4AQp MEHZ MABCUP SMYBLUCUHIHT MAB-
7 3 \ 7l 4 CUp 4u3uFu WHKGAQHUUL KOHYCH Y4UOAH
2

)
X
¥
-
* H
N
N

29- macana. Jlesopra 30° Oypuak OujaH
Tupalb Kyduarad ysyuaurd [ 6yaran AB uap-
10.4- pacm. —-
BoHn (10.4- pacm) 6yinua G  OFupaMKAArH
KUy kytapunanu. HapBon GusaH 0o Ba IeBOp OpacHAard Hii-
Kananuw kospduunentd moc pasumga f, =tg20°, [, =tg10°.
Kumy napson Oyiuua KaHua Macodara KyTapuaryHua HapBOH
cupnanu6 xerMaiian. HapBoHHHHr OFUpJUTH Xuco6ra OJMHMACHH.
Euumn. HapBoH MyBO3aHAT XOJATUHUHT OY3UJHIIA OJJUAATH
yerapasuft X0JHH Kypafinuk. HapBoHra TabCHp 3TYBYUH aKTUB KY4
KMWHUHUHT oFupaury G nan ubopar. Hapsonnusr A Ba B uHygra-
—_— — —
Jlapujaru Tysaa peakiuusa Kyuaapu R, R, Hm G Kyu xaropura
-> —
KywuO, yHn 3pKUH Xoara xearupamus. R, Ba R, fyHajinmapu
(10.3) mynocabaTra kypa aHHKIaHHIWIA MyMKHH: ¢, =20° g =
= 10°,
MyBo3aHaT uyerapacuja KyyJaap CHCTeMAaCHHUHT MYBO3aHAT
TenrJaamanapu gKyiugaruua 6yaanu:

EF“r_O: Rgcos 10° — R, cos 70°= 0, (1)
VF, =01 R,sin 10° + R, sin70° — P=0, (2)
EmA(F1)=O:P-ACc03600—R“-AB-sin7O°=O. (3)

Avnugnanumu kepak 6yaran AC macodand (3) ‘TeHraaManal

TONMHW MYMKHH. BHpOK Gynuur yuyH asai K, Hu Gu/IHLI JO3HM.
R, un (1) Ba (2) Tedrsamanap cucremacniad Tonamus. (1) naw:
_ cos 10°
AT (o5 70° B*

Byuu (2) ra xyamus:

. cos 10° o
sin 10° . -sin70° =P,
RB ni +RB cos 7¢° *
Pcos 70°
B HAAH R = —
yHi B sin €0-
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Ry nuur tonwaran xuiMaruny (3) ra xyiu6, AC ou aHUKNaAMU3:

: 70° e
AC = \B  cas 7)) - stn 7 ~ 0,651,
cos 60° - sin 80

Arap kwimn napeod 6yiuua 0,65/ nan karra macodara kyra-
-— — -—

puica, P, R,, R, HuHr TabCUp 4n3UKAADHU 6up HYKTala xecul-
MaliiAu Ba y4 KYu MYBO3AHATHHWHI 33PYpHUH IuapTH Oaxapu/iMaii-
nu. Arap xuwu Hapsou 6yiisa6 0,65/ nan kuuuk Macodaza Typ-
ran OyJaca, Ty/1a peaklus KYUJApHHHHT TErUIJIMYa HOPMaA peak-
HHA Kyuy GHASH TAWIKHA KATaH HIIKaA8HUI By pyakaapy MaKcumal
Kuiimatura spumaau. By xomna £, f - N,, Fo <[+ Ny Gynuo,

P, R,, Ry Ky4JapHUHT TabCUP YHM3UKAAPU OUD HYKTaAa KecHIUa-
1M Ba YU Kyd MyBO3aHATHHUHT 3apypufi 1WapTH OGaxapunanu.
[lynnait xuanb, kuwu sapBon 6¥i#aaé 0,65/ Macodaraua kyTa-
puAranga HapBOH CUpNaHu6 KeTMafiau.

44- §, Aymanampnary mingaXanuin

Paguycu R, orupauru G Gyaran n0upaBUd UHUJAHHAP MIAKIU-
J8ru FaATaK rOPU3OHTAN TeKHCJAMKAA wofnawran 6yacun (10.5-
pacM). Fuapupax mapkasu C HygTara MakCHMa/l HIIKaJaHUW KY-

YH P AQH KHUMK Q KyuHU gyaiiaug, ¥ Xoamza raarak OGuaal
FOPH30HTAN TEKUCAUKHMHT A YDUHUII HYKTACMAa MUKAOP XKHUXaT-

—
nan Q ra TeHr, AyHaaumu yHra Kapama-gapwu 6yarau Fonuiga-
JAHWII KYYH XOCHa 6¥naau Ba y FaJTAKHUHT TODH3OHTAN TEKUC-
JUK 6y#iia0 CHpHAHUINWTA KAapLWIMJAMK KypcaraiH. A HyKTalaru

HOPMaJ peaKnusl KyuduHU N JlecaK, y FaATaK OFMDJNTH G 6unan
myBo3aHat/aamwaau. [lynra kypa F sa Q-. Ky4/aapias Tysuaran
(_F’, -Q) KyOT TABCHPHLA FaJATaK QyMaJalld Kepak.

Bupox, taxpubanapauHr xypcardiidua, deqHHHF 61pop Qmax

MUKIOpHraua FajraKk AyMajamaciaH Typasepagu Ba () KydY MUK-
I0PpH Qe MaH KaTTa OyJraviarvia FaATaKHUHT AyMajalun O0I-
Jnanagy, ByHuHr cababy pIyHnaKu, >KHCMJIAPHHHT AeOopMaliusacy
Tydaiau, Oy xucmaap GUTTa HyKraga smac, 6Gaiku Oupop AB

opaaukna 6up-6upura ypuuaau (10.6- pacm). Oxubataa, -(3 Ky4-
HUHT TabCupuAa A Hygramaru GocuMm B HyKragara 6OCHMra Huc-

6atan kuaux OYaanu. Haruxaga N peakuus kyud A HYKTajaH
Q Kyuy TabCHp 9TAa&TraH TOMOHra Kapab 6Mpo3 cuKurau Oynanu.

@.quunﬂr 6upOp Umax KufiMaturaua 6y opaiuy Xam optuG 6o-
pann; Q= Qp.x YuyH 6y opaiug d ra rteur Aefinuk. lynnai Ku-

163

www.ziyouz.com kutubxonasi



L I by B
64

10.5 pacm. 10.6- pacm.

aub, FANTAKHMHT AYMaJaliy OJAAMLATH Yerapasuil X0/iaTuia yHra
MKKHTa XKy(PT TabCAp 3Tap 3KaH. By XKydraapHuar 6upU MOMeH-

T Quay * B 6Yaran (Qumaxs Frmax) KyPTAAH, UKKHHUHCH 3CA  MO-

Mmentu N - 3§ Gyarau (7\7, G) wydraan nbopar, Mywosawar yera-
pacuna 6y KyQTAapHUHT MOMEHTJApH y3apo TeHraup:

Qmax ) R: N3, (104)

— =
Fanraknunr aymanamura gapmuauk kypcarysuu (G, N) xkydr
oyMmarquonr wuKaianu dcyPmi, 6y xypr MOMEHTH Oyua-
raudazi WLKAAGHLW MOMeRmy aefuaand, Jlymanawaarg um-
Kananuw MoMedtn M ([O, My,,| opaaugaa ysrapuimid MyMKHH;
O6yHpa My,x FAITAKHAHT AYMadaulfaH OJAHHTCH — MYyBO33HAT 4e-
rapacufara MOMeHTAup:

My =N -3 (10.5)

(10.5) udonanaru 8 — dymasauwdazy wwraranuuw KodgHuyLen-
mu Redunand Ba y y3yAauK OupAUrdna y/JadaHaiu.
(10.4) mynocabaraan

Upax = ; N,

>

- o o
Taxpubanapuunr xypcarumunya 7 KaTTAJHK AYManaflAurad X ucu-

Jaap YUyH HKanaHuw k03 pugueHrd f ra xaparawga adua Ku-
quk Gysaanu. llynra kypa 6ab3u KUCMAAPHA CHPNAHTAPUO Xapa-
KaTra KeJTHPUINTAa Kaparanna AymanaTdul Y4yH KaMm Kyd capd
KHAMHANH.

30-macana. Orupanru G =80 H, panuyeun R=1 m O6yaran A
OUJIMHADHK FANTaK ropu3oHT Ouaan o = 30° Gypuak TauiKku/J 3TyB-
YM KHS TEKHCJAMKAA, Oup yaura P ok ocmarad Ba 5 640K OpKa-
AN YTKA3WATAH M1 BOCHTAacuaa, MyBo3asat xosariaa typaau (10.7-
pacm, a). ymanaiwnars nwkantaduw kodpduuuentn 3 =0,08 M.
Fantak myBosanartia Gy/ulld yd4yH OCHIMWM Kepak Oyaran P
IOKHHHT 9HT KWYMK B4 HT KaTTa Kuitmata tonmacud, B oadkaarn
HUIKaMadyul Xucodra OJiMHMaCcuH.
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10.7- pacm.

Eumu. Agpas rajitaK MyBO3aHaTAA OYJAHIIM VIYH KVHAUAWIIH
‘Kepak Oy.aran P oKHUEr HT KU4HK Kufimata /[y, HH Tonawus,
By xonaa ranrak Kua Tekuc/auk GVi/aad nacrra XapakarAauuinu
mMyMiud., LUyHuHT yayH Ty.a peakuus KYUUHHHD KyHdWInuMl HYK-
Tacu Faatakuunr O MapKasias Kus TeKHC/AWKKA TYHHPH/ITaH nep-
feHIUKYASPHUAT uan ToMonuaa 6=0,08 M wmacodana ogunran
nyytana 6ynanu (10.7- pacwm, 0).

Fanraxxa-tabcup 3TyBuM OFMpAHK Kydw ( Ba unjaaru Tapasr-
JMK Kyuu M., KaTOpHra peaxuHsi KYUYHHMHT Tamkui 3TYyBUUIapH
£ wa N vy xyiinb, rastakHy 3pKHH X0.Ta KEATHDAMH3.

Xocus Gyarau 6up tekucaukna erysum (U, Py, F, N) Kyu-
JIap CUCTEMACHHMHT MYyBO32aHAT TeHT/IaMaljapuiad OUPHHH — Oy
Ky4aapuunr D nyKrara HucOaTan MOMEHTIAPHHUHI HUFHHAUCHHM

-— —-
Ty3aMu3; MOMeHT Mapkasuuy D nykrana oscax, £, N uomansaywm

Ky4YZiap Tenrsamana xarvamwmaignau. G KYYHHHT MOMEHTHRM XM-

cobsama YHH Y3ap0 NEPNeHIHKYJAAP UKKH TaWKUA 3ITyBUATA

(G,=Gcosa, G, =Gsina) awparud, Bapuuwou Teopemacunan Goii-
— —

JanaHamMus; MYHRHCAEK, Lqiy Ba (4, KYyUNaD MOMEHTAAPUHU XH-

co6aamnua FUALHPAKHUAT KHUHK HeopMalusaCHHU Xuco0ra onMaii-

M3,

Ulynnaft xunand, ZmD(E) =0 Tenrnama gyhunaruua 6ysanu:
—G-cosa-d34 G sina - R—HFyy, - K=0.

By renrnamanau
G(sina+- R — cosa-b)
Pmin= R
Macana waprura Kypa Gepuarannapuu Oy Teurjamara Kyfcak,

Prin=385,2 H keanb uuxanu.
JHAM FaaTak MyBo3anataa Oyadiiy yuyH KYAWAndu Kepax
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GyJ/ran IOKHUHE 3HT KaTTa KuiiMatunu aunukaaimus. By xoana
peakuus kyusapunuar xyhuanwn 10.7- pacM, 6 na KypcaTHaraH,

AsBanrura yxwam N (F)=0 Tenrnama TysaMmus:
y g

Geosa: 34 Gsina: R— Py, - R=0,
P, Gleosa-d4sina- R) _ 4449
R
llemak, Fantak MyBosaHaraa Gyadiid yuyd P ox Muxaopu 35,2 H
JaH Ku4uK OyJamacanry, 44,80 H naw xarra 6yaMaciauryd kepax.

XI 606. PEPMA

45- §. depma xaKuna TywyH4aaap

Cmepocenraprune waprupaap épdamuda §3zapuac Kuiud
mymauwmupuAnuOan xocus 0yA2an urwoom @epma ceiura-
Ou. CTepXeHaDHUHT yuJapHHU TYTAWTUPYBYH HYKTa my2yH 1€6
arananu. Qepmasnap ¢as3oBuil Ba TeKUCAuxAa Koltmawraw Oyau-
WH MyMKnH. Pepmanap cTepmeHNaPUHUHT YyKJIapy OUTTA TeKuc-
JukAa €rca, y mexuc gepua nefinnaau. buz acocan Texuc ¢ep-
MasapHu ypraHamus.

$epmanap Typad Xua HHIICOT]Ap KYpHIILA, KyTapyBiy Ma-
WHKHA Ba MeXanu3Mm/1ap aparTuilfd Keur gyananunand. Pepmara
Kyfinaaauran kyuaap ¢epma Texucauruaa xoftjawran 0yJauo,
ynap daxat TyrynJaapra xyhuaran neG ¢apas xuaunHanu Ba dep-
Ma CTep:KeHJApHHUHT OFADJAUKAADY, IAPHUDPAAPIATA HINKAJAHHII-
Jap xucobra oaunMmaian. DBynna crepwxennapaa yaap Oyiinac
Hynaaran ¢ragaT 4y3yBuM éKHM CHKYBYM 3yPHKHII KyuJapd nainc
6yranu.

QepMa reoMeTpux ysrapmac GyJdIld yuyH Kanpaid wapr Oa-
KAPUJUUIMHK TOnamMus. TyryHJIApUHUHT COHM n Ta Oyaran dep-
Manu Kapaiavk. Paswanku, Oyanail ¢epmana GupuHYd 3 Ta Ty-
TYHHH XOCHJI KuJHUW y4yH 3 Ta CTepxeHb Kepak. Hasbaraaru
Xap Oup TYTYHHH XOCHJ KUJHULI YUYH KaMHAA fHA MKKUTA CTEp-
XeHb oadHuY kepak. Hlywrai xuand, Gupunuv 3 Ta TYTryHaaH
KeliyHra KOATaH (4 — 3) Ta TyrysJapHu XOCWA KHJAMII yuYyH Ka-
mupa 2(n—3) cTepxedb Oy/aumMd Kepak., ¥ xo/ala Xamma cTep-
HKEHJMAPHUHT COHM KaMKAa A

N=3+2(n—3)=2n—3, (11.1)

oynanu. (11.1) ra depuanune zeomempur MyCmaxKamrns wap-
mu pefunanu. Arap N > 2n —3 6yaca, pepma oPmuria cmep-
ocenan gepma neimnaanw, Arap N=2n — 3 6yaca, ¢depmana op-
THKYa cTepxeHaap O6y.amaiau. N < 2r — 3 6yranna cTepxennap-
HUHD CONM (PEPMAHMHI TEOMETPHK MYCTAXKAMJHUTHHE TabMHHJIA-
Naiay.

Bepuaran Kyunap tabcupuia ¢epMa cTepxenaapuna mnainao
OynaiMrad 3ypuKumiapHu Ba GEepPMAHUHP TaAHY PeaKuuaaapuHi
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AHUKJaWra gepmani xucobaaw nehnnanu. Bepuarauw kyusaap sa
TasHY peakUUssgapy pepMa yuyyH TAUlKM KyuJaap, CrepxkeH’apiaa-
rd 3ypUKHULIap 3ca WUKU Kyudaap xuCoOsanaau. Arap OGepuJras
<gepmany xuco6aawifa TasHY peAKIHSAJIADUHH BA CTepxKeH/NapAard
3YpHKULLIADHA KATTHK JXKACM CTAaTHKACH YCYJ/JMdpH OMaaH aHUKJ/ail
MyMKun OyJaca, Gyufait (epMa cmamux aunurx @epma O6yaanu.
Akc xoana depma cmamux anuxmac Oyaasum. Pepma CcTaTHK
aHuy Oy/MWM yuyH KaHjafl maprra GyACYyHulInMHH Tomamus. AB-
84/10 IIYHH TABKULIAI Kepakku, Kapajaaétran depma yuyyn HO-
MabJAyM TAAHY PEAKNUAAAPHHHUHT COHM YyuTaldH OpPTHK OyJamac-
JIMTH KEDaK, YYHKY TEeKUCAHKAArH Kyd/aap CHCTeMacu MyBoO3dHaT
MApTAApU yuTa TeHraama Guaad udosansananu. Axc xoana dep-
M3 YUyH TadH4 peakUMAJaPHHH AHUKABII MACANaCH CTATHK dHUK-
mac macana 6Yaasy, Homabaym Tasnu peaxiUAJapHHMHT COHUHH
3 Ta pecak, ana N Ta cTepXEHJapAary 3ypPHKMLLIAD X8M HOMa'b-
Jaymanp. Hemak xammacu 6yaun6 N +-3 nomabaym Oyaanu. ep-
M4 TYFyHJapUHUHT COHM n Ta GyacuH. Xap 6up TYryHHH axparnd
0/i0, YHUHI MyBO3aHAaTHHH aJoxWAa Texkwupca 6yaazu. Tyrys-
Jlapra TabCHD KWJYBUM KyuJap Texkucaukaa Oup HyKrara KyHuJa-
rag Kydnaap OyJarawd y4yH xap OHWp Tyryura 2 Tafad MYBO3aHaT
TeHrJaMacuuu Tysum MyMmkud. Ulynnail xuau6, 6apua TyryHJap
YYYH TY3WIraH MYBO3aHAT TEHrJ1aMaJdpUHHHT COHU 2n Ta OGyJna-
Au. depma CTaTuK aHWK OyJHLIA Y4YyH HOMAbAYMJAAPHUHT COHH
TEHr/IaMaJaDHUHT COHMra TeHr OYJHIIM Kepak, SAbHU

N4 3=2n;

Oynpay N=2n —3 xocun 6ynagu. DBunoGapun, depMa CTaTUK
ARUK OYJAUIUH YYYH CTEPMEeHAApHUHI comu (27 —3) Ta Oyaumu
kepak skau. Jlekun OyHnaft mapt opruKua crepxennapcus dep-
Ma yuyH ypuHau 3au. [Jlemak, OpTMKua CTepxen/aapcus Qepma
CTATUK anuK ¢epma Gynann.

46-§. TyryHHu Kecuw ycyJH OuaaH (epMaHH XHCOOJaI

depma CTepXKEHNAPULATY IYPUKHILJIADHN AHUKJAALIHUAHT TY PAK
ycyanapu MaBXyA. Xap Kauiaid ycy/aaa xaM aBBad0 HOMabJyM
TaaHy peakuuanapu anuxnasanu., CyHrpa ¢epma cTepxenaapu-
Jard sypuKMILJIApHY a4HUKAZWTa yTuasaau. Dywaa Tyrysaapuu
Kecuil ycyJ u OM/IaH CTEDIKEHJApLArH 3YPHKHLIJIADHN TONWII YYYH
(epma Tyrynaapu Oupur-xeTHH €nMK KOHTYp épnamu OunJaH Ke-
cunann. Kecuwnn wynoai, myzynoar Gownaus KePakxu, Vmra-
3UAZAK KOKMYP PaKam HOMABAYM 3YPUKUU AL UKKUMAOAH KYN
Oy anazan cmeprceRHuURA Kecul ymcun. KeCuarad Tyryn My-
BO3aHATA4 OYJAraHd YUyH YHra KyfuaraH Kydaap KynOypuaru
énuK Oyanwy Kepak. By TyryH kyuyjapu yuyH Kyyaap Kynoyp-
Yaruuu Tysu® yHI4H rpadux ycy/jaa CTep:KeH/JapAard HOMabAYM
3ypuKuuaap anukaavaiy. Kecumwr yuyd HaB6arzaru TyryHHU TaH-
Jalrfa KeCyBYUM KOHTYD $IHd HOM&BAYM 3YPHKHIUH HKKHTAaAaH

Kyn OyJaMaran CTepXeHJapHUTHHA Kecagurad OYJULIH Kepak.
157

www.ziyouz.com kutubxonasi

{



Tyrynnu kecuwr ycysau 6unad ¢epma crepeHJsapuilard 3ypu-
KHLWJADHU aHaJMTHK yCy.ALa XaM aHMKJam MyMKuH. DyHia xap
Gup wecnd awpATHAran TYTyHra TabCHP KWAYBUM Ky4/aap YuyH
Gup nyKTara Kyiuaran Kyysaap CUCTEMACHHUHT MYBO3aHAT TeHr-
JNavanapy Ty3uaajiu Ba 6y Tenrjamasnapiad HOMabJaAyM Kyuaap aHHK-
JAaHain.

Mucon tapuxkacuia depMasH TY3yYBUH CTEDXEHJADHHUHC Y3YH-

aaknapu, «, 6ypuak xamaa C nyyrara xy#iuwaran ropusontan P
Kyu 6epuaran aed, 11.1- pacMm, a na kypcatudradH ¢depmaHu rpa-
ux ycyana xucobaawiny Kypamua.

Arap kecu6 0JUHWO MYBO3AHATH TEKIUMPHAABTraH TYryHA4ru
Kyuaap yuyr Tysuarad kyunap kynOypuard épmaMuna TONWaraf
Ky4 (CTEPXEHHHHT DeaKUMscH) MOC crepxeHwb Oyiinab Tyryura
Kapa® itynaaran 6y.aca, ¥y CTepXXEHHMHI KUCUAUMHHM udoaaaai-
AH, aKC X0Ja CTepXenwb uyswJaium. Dup TYryH mMyBO3aHaTu Ky-
PH/TAaHAAH KeHUH HUKKHHYK Tyryura YTuaaérranna 6y TyryHaapuu
OMpPAAIITHPYBYH CTEPKEHAaru 3yPHKHII KYYU TabCHP, aKC TA'BCUP
KOHYHHUra Kypa XucoOJaHullMEM 3bTUOOpPra OJIMII Kepak.

bepmanunr cTepxenaapunn 1, 2, ..., 8, 9 pakauaap OGunan
GearnaaiiMus. ABBANO TasHU PeAKUHAJNAPHHU aHUKJAANMU3, B HYK-
Tanaru Tasu4 FUAAMPAKKA ypHaTuaran OyJaraHu yuydw peaxuus
KyYH BEepTUKAJ paBHUIAA IOKOPUra fiyHanaau. JlexwH yHUur Mo-

—

AyAu HOMAbAyM. A TasHugzaru R.\ pPeaKUUAHUHT MOLYJH XaM,

Aynanumy xaM nomanayM. Depuaram ¢epma yura P, R,, Ry
KyuJaap TabCHpHAa MyBo3aHaTAa Typubau. [ewmak, Oy Kyu/napHHHT

—

TAbCUD UM3MKJIADH GUD HYKTAAQ KECHWHUIM Kepak. F~ KYyUHHHT

-
TAbCUD YM3UFHHU A, DKLU KYUMHUHT TabCUp YMUBMFH OCuJaH

6upop K HyKTaga KecuuITyHYa gaBOoM 3TTHpamMu3. K, peaxuud
KYUYUHUHT TAabCUp YH3HFM XaM wy K HYKTadaH yTHWHM Kepak.

—

P, R,, R, kyunap yubypuarunu uusamus. Yufypuak 4YH3HLIHH
MUKAOp B4 HyHaJuild MabayM KydgaH Gowaimus. Bepuaran P

¢ ¥ ¢ A

.(\‘

rd

a

A @x\ z ﬂ 5 ” - 5
VS AR
Lt pacs.
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KYUHUHT MOAYJH Ba HyHAa MuiMra MoC el={/ BEKTODHH € HYKTa-
ra gysimus (11.1-pacm, 6), CyHrpa YHUHC € Ba [ HyKTasapnjaaw
mMoc papuwaa AK sBa BK yusugaapra napaajaesa Kuaub uusdgaap
yTKas3amu3. Xocua Gyaray elm yubypuak xyuaap yubypuarn 6y-

aann. Y énug Gyadwd xepak. DuunobGapub, Oy yuOypuakiu P

BEKTOD HyHaiuwuaa nepumerp Oyiinab afinauub 4ukub R, Ba'RB
peakUHsJIapHUHT HYHaaAulAapury OearunaimMus. By yuOypuak

me Ba [m TOMOHJApPHUHUHT YSYHJHKJAapH MOc paBuwmaa R,, K,

peakuust Ky4JapHHUHT MOAYJ/AapuHu uGoAanaiiau. K, BeKTOPHHHT
AB 6uaan Tamwua Kuarad Oypyarddad  Tpadcnoprup épaamuaa

-
KAB 6ypuakuu yJauauw GuraH anugaaw éxu ABK yubypuaxka
CHHYCJAp TeOopeMacHHnr KyJanal TONHW MYMKHH. AcocH#l pacMmia

- -
K,, R, peakuusa Kyd/JapuHu Kyuaap KynOypyarujaaru MOLYJaapu
BA flyHaJuIlIapura MOC PaBMINZA KYpcaTub Kyamus.

SHAH TYTIYHHM KeCdll YCYJHHH KYyA/a6 CTepKeH1apiarn 3y-
PHKMINJGPHN aHUKJAamra yrtamus. KeCuwHd wmwywaaft TyryHian
fomwanml Kepakky, yHaa hagaT MKKHUTA CTePweHsn GUpUKKan G-
cun, Byuna# tyryn ékn A, éxn B TyryH Oyaaau. A Tyrysuum

kecafiiuk., By Tyryura yura ky4 gy@usaras: manayMm K, kyu Ba

— —

xecwiran / Ba 2 crepwensapuunr S;, S peakuusaaapu. By pe-
aKuuaaap Moc crepxennap 6yifiaalb fiyHaaran, WYHWHT YUYYH yaap-
HUHT Ta®BCUP UYH3UKJAAPH MABAYM Xucobjauaiu. YAapHUHT MOAY.J-
JIApUHK aHMKAALl MaKCaAWla LY ydTa Kyd YuyH €énug kynbyp-

qak yuszamus (11.1- pacM, 8 : uxTuépuil Hykranam Gomaad i(:

KyuHH roIan0BYX BEKTOD yTKazamn3. Dy BeKTODHMHC GOildIaH
Ba oxupuian ! Ba 2 crepxkeHaapra napanien KuJaub HU3HKAAD
yTKasamus, Oy YUSHKJIAPHHUHL KeCHUIrdH HYKTACH Kydiap yubyp-
YArHHWET YYHHYM yuuHu Gepaau. YuOypuakuuur [ Ba 2 crep-
¥eH/apra napajies OyJaraH TOMOHJADH 9Ca MasKyp CTepmeHnJap-

Jlard u3]anHaérrad 3ypudKuuliapra Tenr OyJradH S, Ba S, peaklua-

Jap Moxyaunn ubcpanafzu. Kyuaap yubypuarnia 8, Ba S, Kyu-
JADHUHT HYHANNULIADHHN aHUKJAAW yuyR 6y yuOypyakHU MabayM

R, xyu fiymaiumuga nepumeTp Oyi#aad alinanu® uumguul Kepak
Kyuanap yubypuarunan 5: Ba ; KYU/1apHH depMa CTEePKEHIApH-

-— —

va Kyunpu®, >, kyu xaM, S, kyu xaM A TyryHaan uuKaéTrasu-
Hi Kypamus. Jlemak, / Ba 2 cTepxeH/Jap uysHaAumra piujaiian.
A tyrvenan keiinn C TYrysHM xeciin kepak. By Tyrysra Typrra

Y4 KyAuarad; ynapaas P xydy GepuaraH, [ CTePHKEHHHUHT peax-
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LWACH aHUKJAaHraH, 3 Ba 4 CTepKeHJapHUHT peaxkuusaapu 3ca
HoMabayM. C TYyryHra TabCHp KHAYBYH KyuJap Y4yH Kydaap kymn-
Oypuaruay ACAWHH MABAYM KY4YIapHH IKOMAZWTHPHUIAAH GOl-

Jaw Kepak, ByHaa / crepwenuuur C Tyryuura gyduaraw s pe-
akuust Kyuu ywdy crepwentuHr A TyryHdra gynuAarad S’, pea-

nuacHra Teckapu HyHaarauaurura, suHu Sy = — 5, 3KaHgurura
apTu6op Gepuur 3apyp (11.1- pacm, 2). C TyryHra HucGaTaH Kyy-

Aap Kynbypuaruud scaml yuyH HXTHEpuUEl HyKTanaHn £ KyuHu
n(o1a10BYH BEKTODHH YTKa3amu3, Oy BEKTODHHHI YUHAAH Goui-

na6 S| BeKTOpHH KOHNAWTUPAMH3, CYHrpa 3ca P BeKTOPHUHT 6o~

WyAaH Ba S| BeKTODHMHT yuuaan 3 Ba 4 CTepkKeHJapra napaien
KHJANG YH3UKJAAp YTKA3aMH3. XOCHaA OyJraH €nug TypTOypUaKHUHT
3 Ba 4 cTepeHJapra napaanes GyJaraH TOMOHJAPHHUHT Y3YHJU-
ru 6y CTepxeHAapAard nu3nanaérraH 3ypuxumaapuuuar S;, S, coH

KuiiMaTiapudd uponaaainu. Mabiaym BéKI/I S.l Ky4JapHuHT HyHa-
anmuaa 6y TypTOYPUYaKHHHT nepuMeTpu Gyiinad aiiiavub uukub,

-— - —* -
S;, S, Kyu/JapHUHT AyHaJWILIADHHU XaM aHUKJA3AMU3. O, S, Kyu-
aAapuu depmannnr 3 Ba 4 CTepxeHsapura Kyuupub KypamH3KH,
6y xyuaap C Tyrynra TOMOH AyHairauw/iuruaad 3 sa 4 CTepxen-
Aap KyHMATAH Kyu/aap T&BCHpHIA KHCHJIap 9KaH.

Sduau D TyryHHH KeCHul Kepak, uyHKH Oy TyryHra Kyiusaran
typrTa KyuAaH uKKuTacH (2 Ba 3 CTepXKeHIapaark peakuusiap)
gHHKJAHTay, 5 Ba 6 CTepKeHJapAard PeaklUUAJaprHHa HOMABAYM.

By kyunapuu :S:, Ba S:, opkaau Gearunafivk. D TYryH yuyH Kyu-
Jap kynOypuarniy Kypuiuaa 2 Ba S crepxxenwsaaphunr D Tyryn-

— —
ra Kyhuaran S Ba §, peaxuusnapu yaapurir A Ba C Tyrysuap-
ra Kyfiuiran peakuusJapura MOAYJb XKHUXATHAH TeHr, HyHa um

- — - —_
WKHXATHIAR KapaMma-KapuwH 3KaHHHH, ABHH S’;=—S2 Ba §,=—8,
uu 3bTHOOpra osmw Kepak. By xyunap xynOypuarm 11.1- pacwm,

@ 1a Kypcartuarad. Sy Ba 8¢ KYUJapHHHT HYHAMAMUAEH KYypaMu3-
Ku 5 CTepkenna xam, 6 cTepxenja XaM 3YPUKHLI YY3HJHIULAH
ubopar.

HapGaTnary Tyrynuu KUpKMuaa 6y TYTyHAA 3YPUKHWIH Xaau
aHUKJaHMaraH MKKWTagaH OPTHK Gy/Marad crepxeHb OHPUKKAH
6ysummra 35Tu60p Gepuin Kepak. Illynuwr yuyw D Tyrynaas
xefiun sumu H tyryunn éku E TyryHuy, Xarto B Tyryuuu Kecno
Kapau MyMKHH.

AnGarra, (epMa cTepKeHNAPHAATH 3YPUKHILJIAPHH aHHKJAUIHH
B Tyryunas 6Gowaaca xam 6yaaau. Bynaa B tyrynmu, cyurpa E
Tyryunu, kefina aca L, C, A Tyryurapaan OupuHH Kecul Kapaw
Kepak Oysanu,
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47-§. Puttep ycyan Ounav cepMaHd XucoOaai

depmany xucobaamaa ynunr 6apua cTepxeH1apuiaru sy puKuid--
JapHd aHUKJaW Kepak Oy ca, an0arrd, TYTYHHM KeCHll YCyJu
Ky Keaald. Arap yHMHN Odb3H CTEpMEHJAPUAATH 3YpHKHIL/IAP-
HMCHHA aduKJalm kepak OyJca, PuTrep ycyaulad (oilanaHuin
kysafl. By ycysa ananntuk ycysd 6yau6, gepma 3ypHKHLUH aHHK-
JIaHalUTaH CTepXennd Kecu6 yTyBdm OMpOpP KOHTYp Ounan (uk-
PAH MKKH KHMCMra axpaTWiann Ba OUP KHCMHHHHT MYBO3aHaTH
TekiuHpuaaan. PepmaHu KecHUIAAH asBaJ YHUHI TasHd peaxiHd-
JapUHU aHuKAa0 osuwm Kepak, PepMmand kecHna 3YpUKHLIARDH
HOMAabAyM 6yAraH cCTepAeHJapHUHT COHH yuTagaHn OMIIMAaCJAHTR
apT, aKC K0N4a 3YPUKUILJIAPHUHT COHU KYnaiiub, Maca’na CTaTHK
aHukmac 6yan6 KoaanH. Kecu/aran CTepxeHJapiard HOMa'bJayM
3YPUKAILAAPDHAHT UYHAAUIWUHY HXTHEPUIH KAOY M KUAdll MYMKWH.,
Onaraa Kecuarap Crepkenaap uysuaand ae6, 3ypukumaap deps
MaHuHT Tauwrab oOOpH/Aran KHCMK TOMOH fynaatupuiaiu. Maca-
Ja eydJraHja 3ypukuiuaapiuan 6upopracy Mandufi uwopasu YK«
ca, 6y HIuOpa YHMHT Xakukuil Aynadnmn xabya KUJAHHran fdyHa-
JUIIra Kapama-Kapwu OYAHIDHHH KYypcaTamd. AXpPAaTHArTaH KHCM-
Aard y4yTa HOMAbAyM 3yPHKBII TEKHCJAMKAA HXTHEPUE xOHNaWraH
Kyd./ap CHCTeMaCHHHHT MYBO3aHaT TeHrJaMmaJapuiaH aHuKJIaHanH.

Tenrsamanap Tysumaa MMKOHH OYaca, xap 6Hp TenrqaaMaja
GHTTaNaH HOMabJyM HIUTHPOK 3Tamdram KHAMG OJdIl  MaKcaara
MYBOMUKAUP. ByHMHr yuyH TekuCAdKAar#d Kyuaap cucTeMacu My-
BO3aHAT WAPTJIAPUHHHT UKKHHYM Ba y4YHHud (opmManapuian, A bHU
(9.16) éxu (9.17) wapraapaan dokpananum Kyaai. (9.16) xypu-
HUIILATH TEHr/aManapHu Ty3WIUAZ MOMEHT MAapKasnapu yuyH HK-
KUTafiaH HOMabayM pedKuus KyYJapHHUHT TabCUP 4YHU3WKJAaDH
Keculanurad yykraJapHu OnWWI TapCust 3TUAaiu. Arap peakuus
Ky4./1apH HOMab/JyM CTEeDXEHJAaDJAaH HKKHTACH ¥3apo mnapaJiiel
6¥aca, (917) xypusuwiaary Tenraamasapaan Gofinanaunin sxinu;
OyHla WKKHTa MOMEHT MapKasu YuyH HYKTaJap apBaird Kouaa
Oy#nuya Tanaananu, X YK 3ca napajtes CTepXKeHJAapra nepreHiu-
KyJasap DaBUlIAa OAUHANH.

Macaanan, 11.2-pacm @ na xypcatuiran (epMaHUHT yuta Ty-

rysaapura 6up xuanaru ﬁxyqﬂap Kyanaub, 16, 17, 18 crepxen~

Aapnard Si;g 370 s 3VPUKHIINADHU @HUKJAW TAN3G KUAUHCHIL
ABBano TasgHY peakUHANAPHHH AHMKAAAM U3, KYDaMU3KH,

Ry=Ry= 5P

6Y./1u6, ynap BepTHKAN paBUILAA TUK AYHazsand. DHad depManu
16, 17, 18 crepxeunapud kecanuran wuaul mn KOHTYp OuJaH
HKKH KWUCMra axpaTamMH3 Ba YHIAard KACMUHHHT MYBO3aHaTHHU

Tekwupamus. By xucmra gyfAuaran P kyu Ba R, peakuus Kyuu
Karopura taumaal 030pdarad OYAakHUHr TaAbCUPUHU HPOA2N0BYH
PRaKilus kyuaapuHu Kymub onaMu3, Dy peaxuHsa KyuaapH anuK-,
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11.2- pacum.

Aapumiy 3apyp OVaran S",,,, TS'”, 3’13 3¥pukuil Kyuaapura Tesr
(11.2- pacm, 0).

(9.17) Kjpunnmaary TeHrAaManap Tysamus. X YK yuyH Bep-
TUKaA fSYHaNuilHy OJAMES, 2F,,=0 TEHI/aMaHu TY3aMK3:

RB—'P_S” Sina =O-
Bynnan,
Rg—P V2

=—"p

ne sin 45° 2

Kyunapuunr N Ba M nygranapra HucOGaTaH MOMEHTAAPUHHHT
AMFUHAMAAPUHY XBCO6JACAK, TeHCAAMANapAa OHTTalaH HOMABAYM
KaTHaWaAK:

zmﬁ(a)=0:s‘e.a—P.d+RB' 2&:0'
EmM (F() =0: =8 a+R;-a=0.

By rtenraaManapiar Sy Ba Sip aHHKJIAHALH: £Flo=—2R,=—2P,
S,8=g—P. S,e HuHr MaH(uA MMOpaJsH HUKKAHH, TAWKW Kydaap

TabCHpHAaH 16— 47-CTepieHp KHCHAHWCA dUWIAWAHM onaau-
paau.
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XIi 606. OFUPJIHK MAPKA3U
48-§. Y3apo napainen MKKMIa KYYHH K¥LIHIT

Bup Tomounra fiynanras, ysapo mnapaanea F, sa F, «xyuaap
moc paBuliga A, B nyxranapra K¥huarasn OyuacuH (12.1- pacwm).

- >
By kyuaapnu Kywmuim yayw yaap karopura (Fy, #,;) ©® 0 xydnap
CHCTEMAaCHHH KHpHTHO, P, un A Hyxrara, P, uu 3ca B HykTara

Kyamus. Cyurpa F, 6unan ‘3, HH, F; 6uaan I_-"2 HU KYLIaMH3:
— g —_ - — -
R, =F,+ P, R,=F:+P,.

- >
R,, R; Kyuaap TanCup UM3UKAAPUHH NABOM STTUPHO, yJAapHUHT
KecHIIMW HykTacu O6yamum O HyKTara Hly KYYJAPHW TabCHD YH-

augAapu 6Yinad wkyunpamma, O nyyranaru ﬁ,, I_i;,xyqnapﬂn Kaft-
Tanad (1‘::, F-’:), (F.—;, .5;) TAWKKA ITyBUMJAApra axparamu3 Ba

(P, /3;) » O cucreManu afupuG TamnaiMus. Hatuxana O Hygra-

- -

ra gyfuarad Ba Gap T¥rpu uusukaa érysuu F,, F, wyunap Ko-

aanu. By kyunapuu (apudverux) x$wub, 6urTa R KYYHH XOCHJI
KA/IaMu3:

R=F,+ F, (12.1)

—
Xocua 6yaran R xkyd xam Gepuaran kyuaapra mapaJjen Ba yJaap
O6usiad GUp XHa dyHaaraH Oy-
Aagd. R Kyuuu, MHKKIOp Ba
AYHAAMWIMHKA  y3TrapTHPMA#H,
YHUHT TabCMD uyu3HFH OuJsan
AB KecMaHUHT KeCHIIMII HYK-
racu C ra xyuupn6b KysMus.
C HYKTA XOJIATHHH aHUKJafi-
mus. OAC Ba Olm yubyp-
YAKJAPHUHT YXWALJAUTHAAH

AC tm
ac _Im B
e 0 Hucbatsu, OBC Ba

oy
¢

Onk yuGypuakaapHuHr YxX- 4
nK -
wamWAMrHjad — = — HHC- f\z
OoC O« 4 5 £,

GaTHu €3HW MYMKUH. By npo-

nopuusinapaa Im=xn = P,, [4
Om=F,, Ok =F, 6yanmuunun

3LTUOOPra oJCak, yJaapnan

AC.F,=8BC - F, 12.1- pacu.
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€KY

CB_ AC (12.2)

KeJaub 4YHKaAH.

AC + CB=AB, F, 4+ F,=R Gyaraun yuyH uponopuus xocca-

cura kypa (12.2) pau
L2_dcf (123)
Fi Fy R

xocua Gyaanu.

Wynnait kuanb, 6up mMoOMOH2A AYHAAZAH UKKU KYEHUHE MEHE
MABCUP IMYBLUCH WY KY4AAPHUAZ apudmemur LUFLHOUCUZA
menz 8a YHuHZ OAYHIAuwn Oepuazan kKyiazp iAyHaswmuda 0y-
2Q0U; MEHZ MABLUP IMYELUHUKZ MABCUP LUSUFL Ky4LAAP KYLU A~
2aH OPARUKHIL MASKYD KYLAQPLQ MecKapn nponopuylonar oy-
AQKAIPRQ AACPAMATL.

- -

Arap £, sa F, y3apo napanjes Kyuaap MHKAOpJapu Typauua
6yaul, KapaMma-Kapiid TOMOHra fyuanrag Oy/aca, YJAapHUHT TeHr
TAbCUP 3TYBUWCH Oepuarad KydaAapHUHT aaredpaux furusiacura
TEHr Ba AVHAAMIMIK KAaTTd Ky4y Hydaauwiuna OYadlldHM  Xamaa
yHUHT Tabecup 4usurd (12.3) mpomopuusara MOC paBuliga KyuJap
KyAuJarad OpajuKHH TALIKAPHAAH WY Ky4Japra Tecxapu nponop-
nuoxan 6ynaakaapra awparuiudnu, O6ysna C uyKTa Karra xyd To-
MOHHAA €THIIHEY HCOOTAZI MYMKHH.

49- §. lapansen Kyysap mapiasu

2Kuemra Tabcup uyusMKaAapu y3apo mapaanea Ba 6up TOMOHTA

- - -
fiyaanran (Fy, Fy ..., F,) Kyunap cucremacu KyfiniraHuaa
(12.2- pacM) yaapHd KYmdiHd xapa® uukaiauk. DBy Kydaapuu
HKKJ napanjen Ky4Hu KYwuil Koda”cura OMHOBH KeTMa-KeT Ky-

12.1- pacu.
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——
wub Gopcak, Gepuarad Kyusap CHCTeMacu OMTTa R TeHr TabCHp
3TyBYHIA KEATHPUJIAJZH Ba Y

n
R=NF, (12.4)
et
-
TEHrAHKAAH dHUKAAHAAU
ITapannen Kyuqap TEHr TABCUD ITYBUHCUHMHT KYAUAMII HYK-

— -_ —
Tack napassen Kyiaap maprasuw pehwuaasu. F,, F,, ..., F, na-
paajtea xyunap kyduaraw A, A, ..., A, HYKTaJapHUHT paguyc-
BEeKTOPJIAPU Iy £y, ..., £, MabAYM OyArania napajies] Kyuaap

MAPKA3UHWHT PAAUYC-BEKTODU r, HY AHHKJAOBUYM (DOPMYJIHH KeJ-
— -
Tpud unkapamus. Arap £, Ba I, Kyd/ap TEHr TABLCHP TYBYUCH

/—51, . Kyduaras nykrauu C, 6unan Gearuaacak, (12.3) ra xypa

Gy _ ACy (12.5)
F ’y '

nponopuusHu €3uum Mymuru. € HyKTa PaAMyC-BEKTOPHHH Iy ne-
- - >

— —>
cak, 4,C,, C\A, Bexropaapuu r, r, re¢, OPKaM Kyitnaarnya u ¢o-
Janam MYMKHH:

— —
AC =r¢

- — - —
—r, CAy=r,— oo
-

By ndonanapnu (12.5) ra x¥in6, r, wu TONAMU3:
-»> -
Z _ A+ Finy
¢ Fit+ Fy
— — -
duan R, , 6unau Fy an Kywnd, yaapuunr K, 5,3 TEHT TaBbCHP

ES

3TYBUYHCH KYAHMUII HYKTACH Cz HHHT Paauyc-BeKTODHHH rp  Je-
cak, (12.6) ra GunoaH

(12.6)

- — — ~> —
- — R1.2'rC‘+F3r3 =F1r1+F'zr2+anx
e Ry 2+ F, Fi+4Fy+ Fy

X0cua OyJaanu.
Wynnait kuauG, Gepuaran Gapua Ky4JapPHUHC TEHT TabCHUD
3TYBUYMCH KYHWArAH HyKTa C HHUHT PaiHyC-BEKTOPH VYUYH
n

-
— - g .\_:Fl'ri
- Firy + Fory 4+ .o Fprp 0= 12.7
re= = (12.7)
Fi4 Fyd .ot Fp a
M F,
=
dopMysaun xocua Knaamus.
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Iynna#t kuaub, napanne Kyunap MapKasuHUHT pafHyC-BeK-
Topu (12.7) dopmyaa Gunan auugaaHap 3KaH.

(12.7) Bu xoopnuHata ygJapura npoekuus.ab, napaJjgaen Kyd-
JIap MapKasMHUHI KOOPAHMHATAJAPUHH AHUKJOBUM:

n n n
,\_“"lxl ZFiyl Erﬂl
i=1 _ = _ =
Xe=—, YT T, Fe=—,—  (128)
N NF NnA

fom} tw=1 =1

dbopMmynanapra sra 6ynamus. (12.8) na x,, ¥,, 2, napauiesn Kyd-
Jap MapKasHHHUHT KOOPAMHATaNapuHH, X, ¥, 2;3ca F; Ky Kyina-
rai A; HyKTa KoOpAMHatalapurn udolanaiiu.
- — —
[llysn tabxunnab yramusku, R+ 0 xonna éku F, F, ...,
-

-
F,_, Kyuaap TeHr TabCWp 3TYyBuMCH Ouaan f, xydr Kyuuu Taw-

KWJ 3TMarai X0,i1a TypJu TOMoHra fyHaaran napanjesa Kyu.aap
cdcreMmacu yayH xam (12.4), (12.7), (12.8) ¢opmyaaarap ypunau
n

6ynaBepaaun, ¢dakar 6y xo.aia EF, nu aare6pavk HAUFUHIM AeD
i=l1
Kapaum Kepak.

50- §. KarTHK JXUCMRHMHT OFHPJHMK MapKasu

Ep cupruna xamna Ep cupruman yHua ysog Oyamarad xap
KaHnafi MOAAMA HYKTara, MEXaHuK cuUcTeMa €KW KATTHK XHCMra
Ep Mapkasura fiyHanran TOpTHIm KY4Yd Tabcup Kunaiu. Dy Kkyu
MasKyp OOBeKTIADHUHT OFUpAUK Kyiaapu neb opuThaaiu. Ma-
casan, M,, M,, ..., M_wmonanit nygranapaan — Oyjakuanapiad
u60paT KaTTHK XUCMHH Kapaiaurad GVJCaK, YHHHT OFHpJauTH Oy
HyKTa/nap OFUDJMKJIAPUHHUHT HHFuHAMCHAaR ubopar 6yaaiu. Onar-
Na TeKIUMPUJaAuraH XUCMHUHT yauamaapu Epuunr Yavamaapu-
IaH aHuyaruHa Kuuuk Oyarasupan, M, M, ..., M, wyxranap
OFHPAUK KydJaapuHd nPonanosuyd BEKTOpJaap mapajien Kyuanap
CUCTEMAaCHHH TAlIKWA Kujand. By kyunapHusr Mapkasu, TeKWIM-
PHJAAETraH XHUCMHUHT OFUPJAUK Mapkasuuu ndoaanainau. OFuHPJIMK

—_— — _
Kyusaapu Moc pasuwia P, £, ..., P, napainena Bekropaap 6u-
nan udoaananysun M, M, ..., M nygranapaan u6opaT KucM-

HUHT OFMPJAWK MapkasuHu Tonaéauk (12.3-pacm). Arap 6y map-
kasuu C opxganu Gearuaacak, y goana (12.7) ra acocau C Hyk-
TAHUHT PaLNYC-BEKTOPH

n > n >
EP,r‘ E P,r,

e =1 =1 .
ro=t— = (12.9)
2P

i=1
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¢opmysa Ousan TonmuAaanu; OyHaa

-
ry 6unan M, 6yaakuaHuur panuyc-
BeKTOPH Gesruaanran, P sca uucuM-
HUHT OFMpAUMK Kydnmaup. (12.9) Bek-
TOp Hbonaud KOOpAUHATA YKJAapura
npoexknuanad, KaTTHK XHUCM OFHPJUK
MAapKa3sHHUHT KOOPAHHATANADH YHYH

(bopmyzlaﬂap XOCH/I KHJaMu3: ¥
n
D Pix;
x, = =1 12,4- pacm.
[ P *
n n
EP,y, ZPizi
=1 PO el
yc=_—P—, “c — P_ e (12.10)

JKacMaapuuur OFMpPJAMK MapKAas/JapUHH 8HHKJAIAA KUCMHH
TAWKH/A 3TyBUM OYJAAKAAPHUHT XAMMH, 108aCH EKM Y3YHAUTHAAH
doirananuw xam MyMKuH. Macadad, XUCMHHHT OFMDJIMK MAapka-
3UHM YHMHT XaXMHra Kapab TOMHMWI yd4yH YHH n Ta Kuuuk AV,
(i=1, 2, ..., n) xaxwmra sra O6Yyaran Oynakuaaapra O6yaamus
By Gynakuasapuuur xap OHPUHHMHI Ba3uATH MOC paBulula Outra-

LaH paiuyC-BeKTOp ;: (=1, 2, ..., n) 6ujan aHuKJAHCHH. Xap
6up Gyaakuauuur orupaura AP,= AV, 6yaub (6ywna 1, Guiaan

{ — Gy/aKyaHUHT COJNMLITHPMA OFUpaUrd Oearuaanrad), Gup-6u-
pura nmapaaJen BexTopJaap Guaad udonansasagu. 2KHCMHUHT OFUp-

JUK MapKasu r, painyc-seKTop Ouaad anugaauyBun Oupop C

HyKraga 6yacud. (12.9) dopmynann xynnad, xyduaaraua xocuJ
KUJNaMK3:

a -
Yudvin

rc=":‘—. (12.11)
N Ay

=1
Kucemuu sappavyasnapHuHr y3/iykcus Tymiamuaad ufopar aeb
kapa6, (12.11} Ra Av; XaXMHH HOJAra HHTHJATHPUD JHMHT XHCOO-
JacaK, y KYAHAATH HHTErpaJ KYpHHUUIMHH OJaiu:
- {yrav
1 (V)
ri=21___,
f ydv
()
OFupauK MapkasuHUHT KOOPAMHATANAPH 3Ca

{ 1xdv i 1ydv yzdv
4 ( '
R NP 4 M. L4 (12.12)
[ 1av v 1av
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—r—— T
dopmysarap épaamupa Tonuaaau. DyHZa HHTErpas KUCMHUHP
Tyaa Xaxmu Oyfnua omHanyu. Arap KUCMHHHT COMMUITHPMA OFHD-
JWUTH YHHHT 63apua gxucMuaa GUp Xua, AbHU JKUCM OUP KUHCAH

Oyaca, (12.11) sa (12.12) udonanapaan

(rav
ro= e (12.13)
| xav { yav C2dV
X = w_‘;_ yc=_‘”’_'v__, 2, = L!)-F— (12.14)

Keaub uukKanu.

Bup xuucan 103a (sccu KUCM) EKM UU3HKHMHT OFHPJHMK Map-
Kasunu Tonuw yuyn (12.11) — (12.14) dopmynanapra xaxm ypHa~
ra 103a éxku ysyaaukad oauwt Ba (12.13) éxu (12.14) dopmyaa-
JApAa MHTErpasJaliHy Teruiuau 103a éxu uusuy Oyiiuua amaara
omupu kepax. Macanan, 6up KUuCAH Texuc 103a yuyd (12.11)
JaH KyARQATHHH XOCHJA KUJAaMu3:

n n
Nasxg YAsy
(L3 te1
Xp= ———— = ——, 12.15

51-§. OrHpauK MapKa3WHH AHMKJA yCyaJdapu

1. Caumempusn yeyaun. Azap Oup HUHCAUL HCUCH CUMMEM-
PUR mexucanze, YK Exil Maprxasuza 3za 0Vaca, YHUHZ OFUPARK
MAPKA3U MOC PABUUOa € CUMMEMPUS MEKUCAUIUOA, € cusmen-
pust Yxuda, € cummempusi mMaprasnoa émaou.

Macanan, Gup KUHCIM WKUCM CHAMMETPUA TEKHCJAUTUra sra 0yJa-
ca, Oy TeKHC/UK XKHCMHH OFUPJHKJIApH F, =P, Oyaran HKKdTa
Oynakka axpartaiu. Y X0J4a MHCMHUHP OFUPJWUK MapKasuuu Oup

TOMOHIA HyHA/IraH, MUKIOP MHXaTAaH TeHr uxku P, Ba P, ma-
paanren Kyuaap Mapkasu nel Kapacak, y XaKukartaH CHMMeTpus
TeKUCAUTMAa ETHIUNTA HINOHY XOCHJA Ku/aamus. Mucos tapukacujia
CUMMETPHA Mapxasura sra 6yaran 6up XKuHCAM XaAKa Exu JAUCK-
HUHT OFMPJAUK MapKasH YHHHT reoMeTpuk (CHMMETPHA) MapKasu-
Aa ETUUINHU KYPCATHIN MYMKUH.

2. Byaakaauw yeyau. KUCMEM OFHPAUK MAPKa3/J4DH MABAYM
O6yaran Gyaawnapra Gyauimr MyMmkuH Oyacud, ByaaksiapHuHT OFMpP-
JUKA2DHHU YJIAPHHHT OFHPJAHK MAapKaslapuHd HpONaNOBUM HYK-
Tanapaa tynaauran neb6 ¢apas kuanb, Oepuarad KUCMHM aHa
WIyHAaf HyKTasap Tymiaamugad ubopat Aef Kapajsaldd Ba YBUHT
orupauk Mapkazu (12.10) — (12.15) dopmyaanapuunrr Oupuaad
dofinananub aHuKAAHALY.

31-macana. 12.4- pacMAa k§ypcatuarad Gup KHUHCAK 0JaCTHHA-
HUHT C OFMPJUK MapKa3H aHUKJIAHCHH.

Euuw, [Maactana cummerpus yKura 3ra 3KauJAHTHRH K§pamus.

168

www.ziyouz.com kutubxonasi



Iy cummerpus yku Gyinaé Ox yx- P
HH, yura nepnesnukyasp kuau6 Oy
un yrtiasamu3. Ilaactunanunr orup- V<= 8
JUK MApKasH CHMMETpus yKuaa, Ab- o h
Hp Ox yxna érrasn yuyn y¢ =0 i vy A
G6ynany; Xxc HM anugaafmus. MQ, 0 «Serp
NS uusugaap 6uaan Gepuaran njaa- JoA r
CTHHA 103aCHHHU YuYTa TYFpu Typroyp- PARA S o/
yakJaW 103ajapra axpatamus. MDBA \,:,'c;" -
TyFpu TypTOypuakuu 1- HOMep Ou- == =
nan, ENLK tyrpn TYpTOypuaKHH
2- nomep 6uaau, NMQS Tyrpu Typr-
O6ypuakhu 3ca 3 Guaan Gearnaaiauk. 12.4- pacu.
¥ xoama (12.15) ra xypa

xc=x,-As1—|—x2-;\s,+x3-As3 (1)

Asy + A5y + Asy

6yaanu. 1, 2, 3 Tyrpu typr6éypuaxaapuunr Cy, C,, C; OFHpIAUK
MapKa3Jnapu YJAAPHUHT JHAFOHAJANADH KeCHWTaH HYKTana OyJratu
yuyH:

X =Xx,=15cM; ;=15 cMm. (2)

By tyrpu Oypuakau TYpTOYPUAKAAPHUHC 03a1apH 3Ca
as, = As, =300 cm? As; = 200 cm2 (3)

(2) Ba (3) uu (1) ra xyicak, x,.=0,125 M xenu® uuxanu
Ilemak, TanaaHraH KOopAnHatTa cucremacura HucGatan Gepuirai
0/aCTHHA OFHDAMK MapKasHHHHT KoopAauHaTazapu X = 0,125 m,

yo=0 3Kan.

3. Mangpuir orupauxarap (103arap) ycysn. dapas Kuaaiing,
7 Ta FOBaKJapu OyJrad Ba OFMpaUrd P Oyaran GUP MUHCAH KHUCM
—

Oepuacun By MHUCMHHHT QFMPJMK MapKasu r,. pajuyc-BeKTop Ou-
aan udonanancud. Fosakaapau ¢ukpan Moasansap 6unan Tyagu-

- - -
Pai/IMK. YIapHUHT OFUDPJIMKJAAPH MOC PaBMINAA §,, §, ..., §, Ba
e d — —

OFMPJMK MapKas/iapu 3Ca MOC paBuwiaa r,, r,, ..., I, BEKTOpJAp

Gusian upoaanancuu. ¥ xosna 6yJaakaaul yCcyJaura acocaH, FOBaK-

Japu TYALHPHATAH HKHCM OFUPJAHK MAPKA3HHUHT PaLuyC-BEKTOPH
— u' -

re P+ ‘\_"lql
{1}

C, Q
MyHOca6aT OuaaH auukaauanu. By epaa Q — Gepuaran XHUCMHUHT
FOBakJIapu TYAAuPHIACAHIArd OFHPJAHTU. By MyHnocabaTaaH
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- LIRS
- O"C,"'Elrlql
=
r, -=-—
¢ F
n
xenu6 unkaau. By dopmyaana P = Q—:q, 6y AraHY yuyH
i=1

n
-— ‘—‘
0-rg ““_"iql
len1

n
Q- Ng
i=1
Xocun 6yaraw dopmynanan xypamusku, FoBakaapu GYAram mucu-
HUHT OFMPJIMK MapKa3WHW aHUKJAAW YuYH aBBa/ (UKPAH YHHHD
FOBAKJaPN MXNCMHY TAWIKWJI 3TYBUYM MOAZA OWJIAH TYJALUPKIAILH.
Xocua Oyaran mMHUCMHUBT OFUDJNK MapKasu anugaananu. Cywsrpa
FOBAKJIADHUHT OFMPJMK Mapxasaapu anukaananm. FoBakaap oFup-
aukaapuan Manduft neé xucobaal, OYaaxaamt ycyJau acocuna oe-
PUATaH KMUCMHUHT OFHDJNHK Mapkasu anuksaadann. 2Kucem Oup
KUHCAK OYJArapAa yHHHI FOBAKJAPHHU XaM WY JKHCMHH TAIUKUI
KHJAYBYM BA CONUIITHPM@ OFUPAUTY OEPUATAH MHCM COMULITHPMA
OFUpAUTUAArd MOAAA Ouaan TYaampuaann. Dynna ormpaux wmap-
Kasuny xucobaaw qopmynanapuaa $hakat reoMeTpuK KaTTaauKIap-
HHHT §3urvbBa KaTHaluaau. DuuoGapuH, :XKUCMHHUHT XaMXMHUTa Kypa
OFUDJINK MapKasuHu auukiam cdopmyaacu Kylinparuya Oyaaiu:
- nj -
VI'C’ —_ }_"fl ]
o=

re= -
V- \W Vi
a—
=1
O6ynaa 1V — FoBakJapu TYJALAPWIATAH KUCMHUHT XaXMu, V, ({=
=1, 2, ..., #) — [- FOBAKHUHT XaXKMH
Kapanaérran xucm siceu ro3afgan ubopar OyJjca, OyHAal KucM
OFMpPJAHK MapKasHHUHT PAaAHYC-BEKTODH.

- S
. A
.Src‘—\ sry

P W (12.16)

(Gopmyaa épramuna tonuaanu; OyHAa S~ ACCH XWUCMHUAT AXJHT-
JAHTaHAaru rosacu, §; (i=1, 2, ..., #) — i- KECUMHUHT 103aCH.

OFnpaux MapxKa3uHUHT KOOPAMHATANAPUHH TONMII YuyH, aéH-
Ky, 0KOpuAary BekTop udolanapau KOOpAMHATA YKJAApuUra npo-
exunaAsall Kepak.

31- macarany mangui wsarap yeyau 6usan esamus (12.5-
pacm). Byuna mucmun axawt BDEK 1yfpu TyprOypuax Ba ,MaH-
ouit w3ann' AQSL TYrpu TYpTOYpUaKAaR nG0pAT el Kapanmui.
BDEK Ba AQSL tyrpu TypTOYpUAKAAPHUHT OFUDAUK MApKa3/ad-
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puun moc pasnwna C,, C,, 103a1apunu 3ca As,, As, necax
=15 cm, x, = 20 cm, As, = 1200 cm?, As, =400 cm2 Yy
(12.16) ra 6uHOaH, NNACTHHKA CFHPAMK MapKA3WHH aHMK.JALy

As, - A, — Asl ‘X,

Asy — Asy

tdopmynanau ¢ofinasannin Mymkun. By dopmyaa 6yfinga x,
Jamaapuu 6axapu6, x,=0,125 M, ABbHU aBBAACH XKABOGHN X.
KHJaaMH3.

By ycyaaapaan Talmkapud OFUPJIHK MapKa3WHU aHUKAAIIA
¢duk ycya, taxpuba ycyalapd xam MaBk Y.

KynuHda aXauT XHCMJAAPHUHT OFHPJAHK MapKas3uHH aHHK/AA1
MHTErpaa Kypuauiunaru dopMysaqiapiad GofilanaHull XaMm Ky,
Oyaanu,

32- macana. Mapkasuii 6ypuarn 2z, paguycu R 6yaras ¢
KuHcaw AB &f KypuHUIIMAArd KUCMHUHT OFUDJANK Mapxasu aHy
aancuH (12.6- pacm), 6yHma a — paauaiga, R — y3yHauxk Oupa
FU1a yJ/iHaHalu.

Euum. Ox yguu &dHuur cuMMerpus yxu O6yina6 yrkasamy
AB énna dl =R - dy ysynauxaaru 6ynakua axpatamus; Oy 63
aakga Ox yKKa uuctatad o Oypuak OpKaau AHUKJAAHCHH, ¥ XOJ
Ja o Oypuak ( — «) nmaH (- «) raya KuimatJapHu KabyJa kuiadr
AB & y3yuaurund L 6uaan Gearnnacak: L= 2R -a. (12.14) un
TerpaJj Kypuuuwaard ¢opmyaa AB uu3ny yuy

jxdl
x(,' = (L_)L_ (1 )

xc:-

opxaiu udonanananu. Dyunma x 6unan d/ EHHMHT KOOpAMHATACH
6earunanrad. Pacmaan: x = Rcose¢. (1) ¢popmyaann Tysamus:
-3
RcospR - do
X = ju __ R sin ©  Rsina
c— 2Ra 22 ¥ —a z
Mlyrna#i xkunub, AB éit waxkaupard OWP KUHCAM KHCMHUHT

OJIMHTAH KOOpAHWHATa CucTeMacura Hucbatan OFAPJIHK Mapkasu
Rsina

X,='"— — dopmyaa Guran aHuK/JIaHaIM.
2
4 y )
v B -
- ;
\¢ /
Ny » SapNdl
’
of—far’ 0 -
C'Lf\(‘;\\ 4 2a Xc b g
AN ;
43 s
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OJUHAMHUKA
A. Monauii HyKTa XWHaAMHKacH

Xl 606. MOAAUN HYKTA XAPAKATHHUHT
JNOPEPEHUHUAJ TEHTJIAMAJIAPH

52- §. Iunamuka akcuoMaiaph. JMHAMUKAHUHT UKKY
acocHil MacaJjacH

JMHaMUKaHWHT aCOCHHM MTaquaauK Mawxyp oaum ['. aaunnei
(1564—1642) Ba unraus oaumu M. Heoton (1643—1727) Tomo-
HufaH kamd xuanural Ba Fanunefi—HroToH KOHYHAApU neb OpH-
THAAAUTAH KV HHAAry akcuomaJsap TAlIKWA Kuaanu.

I-akcuoma. Tawwu myxum mascupuda Oyamazan moodoul:
HYKMQ Y3UHUHZ MUHY XOAAMUHL EKU MYFPU 4UIUKAUL MeErUC
X1PAKAMUHKIL CAKAQURA UHMUAAOW.

Modduir Hykmaza Kyy TabCHUp STMAryHua Y3UHHHT THHY XO-
JATHHU €KW TYFPU YM3MKJAH TeKMC XapaKaTHHY Cak/Jalu YHUHT
uanepyuacy neduaany, akCHOMaHWHT ¥3H 3ca, OJATAAa MEXaHWKa-
HUHT GHepyus KOHYHu Ne6 1pUTHAaLH.

2- akcuoMa (ZHHAMHKAHMHI acoCuUii KOHYHH). Modoui nyx-
MARunz OUPOp Kyw mascupuda OA2aH ME3AAHUML Wy Kyi iy-
Haruwn Gusan 6up xua 6@ mMukdopu MaA3kyp KL muxdopuza
MYFpu NPOROPYUUOHAAIUD, ADBHH

—_ -

mw = F, (13.1)
— -—

Byuna F — Hykrara 1abcup KMAyBYM KYY, @ — HYKTAHUHT Te3.a-
HHIUIY, M — NPONOPUUOHANAMK KO3bDPuuHeHTH OFanb, HYKTaHWHT
MabAYM (U3WK XYCYCHSTJADHHM OearuJailiu; y modoud nyrxma-
HUHZ Mmaccacw 1e6 aTalaly Ba XapakaTHWHT Xap KaHAai ysrapu-
WIWra HYKTAHWHT Kypcaraaurad KapWuIHTHHU—m0d0ul Hyxma-
HuHz unepmaur xycycusmuny wooaanainu. (13.1) mysocabar-
Aay MacCaHd yagaur ycyau keaub uugamnu:

F

m= —,

w
Uynouuu, moAAM@ HyKTara TabCHP KHJIYBUYH KYUHH Ba Oy Kyu
TdBCHPHAA HYKTAHWHL OJArad Te3JaHWWuH4 Ouna Typub, HyKTa
MaccacHHK aHuKAalW MyMKHH. By ycysa Ouaad andg/aaHrad macca-

ra unepm macca AeHUJailU. )

Arap uykrta Maccacu HbooTOHHURr OyTyH ojJaM TOPTHINHLI KO-

-

HVHH aCoCHAa TONWUAAAMCTAH 6yJ1C8, YHH EPHHH[‘ TOPTHLI Ky4H P
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BA 3PKMH TYWIWI Te3MaHMINM g OpKald KyAuaardua wudonasam
MYMKHH:
p
m=— (13.2)
g
(13.2) Gunan ayuK/JIAHARKUraH Macca zpasumayuon macca pefin-
JAanu.

3-akcHoma (TabcHp BA aKC TabCUP KOHYHM). Xap xawndai
mascupeza yYHza menz 8a 6up mrpu 4usux 0yiaab kapama-
Kapuwu [YHaszaH aKc mascup MOC Keraou.

CraTukana XaMm IIYHA3d akCHOMAHW KeATHPTaH 31uk. ¥ epla
TABCHD Ba aKC TAbCHP MYBO3aHATIAATH KUCMJApra HucbaTay KeJ-
THPUATAH 314, Dy epra 3ca yuuHUHM aKCHOMA KEHrpOK MatbHOAA —
uxTHépult xapawkaraaru xucM €KH HyKTajaapra HUCOaTaH KelTH-
puarad, Ulysn Tabkuaiain Kepakky, TabCHP Ba aKC TACUDPHH
GeATHNOBYM KyuJdap y3apo TeHr BA O6up TyFpu UusEK Oyiiaad
KapaMa-Kapwu ToMoHra #AyHaaran OVauwura Kapamaciaad, yaap
MYBO3aHATAALITAH CHCTEMAHW TAallKUA KHJAMAHAW, LeMak, 0y Kyu-
JapHH TYWHPUG KOJAMPHIN MYMKHH 3Mac.

4- akcuoma. Moocuii Hyxmanune 6up Heda Ky+ mazcupuda
0R2aH MEINAHUWE XAD KAUCH KYL MAsCUpuoa Maskyp HYKma
OAR2aH ME3AAHILUAQPUHUNHZ 2e0MEMPUK HUFUHCUCULQ I EeH2.

- >
T

Fi

TesMAHMIIUEY 0, 0y Kyd4JapeHUHT Xap Oupu Tydaiau xocua 0y.j-

ran Te3JaHuuiapHu MOC pasuuiaa w,, W@y, ..., W, AeCak, 4- ak-

—
.+., F, xyunap tancupusa MOLAMHA HYKTAHUHT OATaH

— - - —_—

CHOMAHN @ =W, -+ Wy ... + W, kKYpynnmaa €3umw MyMKuH.
4-axcuomara OuHOaH, MOAAMM HyKTara OMD KaHua Kyusap Ky-

fiuaran 6yaca, (13.1) Bu

—

nw =

-—

i (13.3)

b=

i

Mynocafar Ounan aamawtupum  mywmxun, (13.3) udona wmodcui
HYKmMa CUHAMUKACUHUHKZ acocyll meHzaamacy peinaany.
bupunuyu MKKM aKCHOMA YPHHAM GYATaH KOOPAMHaTalap Cuc-
TeMacu uHepyuasa CaHox cucrmemacy pepunann. Keiiunpox, 6up-
OGupura HucOaraH TYFPU UYUSHKJIM TEKHC XapakaT KUJAyBYH CHCTe-
MaJap XaMm HHepHHaa CAHOK CHUCTEMAJApUHH TAIKH/A KUAHIIWHY
kypcatamus. TaxpuGa Ba KysaTuwsap WyHM KYypcaTaiukuy, Tex-
HUKAHUHT KynryHa macanajapunu euunwipa Ep Ousan  Oorsanran
CHCTeMaHKH MHepuuan cucteMa neb xabya guaca Oyaaad. EpuuHr
¥3 yKu aTpodmaa afsasuimivbay XaMm xucobra oawin sapyp GyJarad
Macanajapjaa 3ca HHepuMasa cucreMa cHdaTyia TeOUeHTPHK CHC-
Tema Kabya KWUJAHHHINY MYMKud. Bynna#h cucremanusr 6Gown Ep
Mapkasuna, Ygaapu sca ,ky3raaMac“ neb OAMHraH yuTa 1041ysra
fiynanran GyJsazu. XucoOaalmijiap Katra aHHKAMK TaJab guarau
TaKAUpAa HHEpLHaA cucTeMa cudatuaa mapkasu Kyéw Mapkasuna
I3
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Ofaray, Yxaapu sca ,KY3FaamMac* OALy3Aapra TOMOH AyHANTH=
PUJran reJMOUCHTPHK CHCTEMa KVANAWHAAAM., YUWHUY aKCHOMA-
HUAr 6a8HuAa KMHeMATWK 3/NeMeHTAap (Xapakar, TesqdK, Te3aa-
Hul Ba X.k) AYK. LLlyHuHr Y4y y Xap Kauaall KoopAMHATaaap
cucTeMacuaa ypuHAH.

JunaMukana euuaajarad MacaaajfapH# MKKM Typra axpaTtui
MYMKHH:

1. bepunrezan xapaxam 63dusa 6y xapaxamuu Keamupuo
LUKAPYBYUL KYLAADHIL AHUKAQUL.

2. bepunean kyiaap 6yiuia 6y xyiaap X0Cun KULYELU X~
PAKAMAL QRUKAGUL,

By macananap, mMoc paBumina JuramurnaruHez OUpundn éq Uik-
KURYL acoculi macasaaapu AeRdaand.

53-§. IpKHH MOANHA HYKTa XapaKaTHHHHT UG depeHIHAN
TeHrjiamalapu

-
m MaccaiH MOAAHA HYKT2HWHI TEHT Tawncup 3TyBuncH F 6ya.
FaH Ky4Jap TAbCHPHMAArH Xapaxkatunu Texiuupamus. VKknuum ax.

- — - dr -~
cuoMara acocan: mw = F; OyHla @ = o (r—HyKTanuur paamyc-
BEKTOpH) OGYJTAHH YHUYH

r
m=L =F (13.4)
dty
kypuanwga éaumt MymMkuu. (13.4)—aprun modoult nyxma xapa-
KAMuHUH2 8eKmOp KYPUHUWMOALL (UPPEPeHyuan menaAamacy
Aeiuaany.
(13.4) mu Jexapr xoopawnaTa YKaapura Npoexuusnad, 3pxiuH
MOOOUL nyxma xapakamy oupgepenyuan MeH2AAMANAPUHILHE
KOoOpouHama ycyada ugooaAaHum UKL xocua Kuaamus. Uynonyy,

- =
X, ¥, 2 —r sexvOopHuMHT, F,, F,, £,—F BeKTOPHMUHI KOOpAWHATA
yKaapuary npoexkuuaaapu 6yacud, ¥ xonna:
dx dty a1z
d?-Fx, m‘l—iF'—'Fy. m;?;’—}:z. (13.5)
Jnnamnkannur 6as3n Macanasapuiy eunmna Tabunil Koopau-
HaTagap cucremacujan (ofinanaHuml Kyaah 6ynanv. Byuasit cuc-
TeMara pucatau MOAAMHA HYKTa XapakaTuHUMHT Auddepennnan
Teur/aManapuuu Tysamus. Tessanuul BeKTODHHUHF GHHOpPMAJAAru
-— - -
TPOEKUHACH HOJra TeHraurdud xucodra onud, (13.2) uu 1, #, &
TaGuui KoopAuHaTta YKJaapura npoexuuanad,

mw =F, mw,=F, 0=F,

dis 1 {ds\2 -
Tenraamanapra sra 6yaamns, Bynna W= W= o 6ya-




ragu yuys, yHH

mT =F, ”.'(éf)’= F,.0aF, (13.6)
dt? *op\dt

kypudHuina €3a osamus. (13.6)—sprun modould Hygxma xapa-
KamuHuKe madanld Koopouxramasap cucmemacuza HucOamar
duppepenyuar mernzaanarapn neiunamu, (13.6) na s=s(f)—
HyKTaHuHr Oepuarad TpaekTopus OYinad Xapakar KOHYHWHH, p
9ca TPAeKTOPUSIHMHT Xapaxkataard MOALMA HyKTa GW/Iad ycTMma-
YCT TYWYBYM HYKTACHHUHT STPUJIHK PAARYCHHH ubOnalalind.

54-§., Moaaui HyKTa AMHAMHKACHHAHT OUPUHYH
acoCHii MacanacHHH €YHil

Maccacu m Gyaras MoRAuA HyKra Jlekapt xoopaunaraaap
cucreMacura Hucbaran

x=[(t), y=ht), z=[(?) (13.7)

KOHYHra xk¥pa Xapaxkaraa 6§sncud. Moanuit nykrauu (13.7) gouyu
6yifinua xapakaTNaHTHPYBUM KYYHH aHUKJaw c¥ypajand.

Moanui#i HyKTa AMHaAMUKACHHUHC Oy OHpHHUM 4cOCH#l Macana-
CHHM €UHIl YYYH MOLAMN HYKTa XapakaTHHUHr JuddepeHLna
TeHrsiaManapugad Qoiisasanamus. (13.7) man Bagt Gyfinya HKKHH-
yy TapTu6au  xocuaanap xuco6saab, (13.5) ra g¥yicax, momaui
HYKTaHU XapakaTJaHTHPYBUH KYUHHHI KOODPAMHATA YyJaapuiaard

npoexuuanapu F,, £, F, xocun 6§aanu. ¥ xox4a F Kyd MHK-
LOpH
F=VFI4Fl+F =my o4y + 2 (13.8)

dhopmynanay, pyHanuuy sca HYHaATHPYBYH KOCHHYCJAp OpKad
aHUKJaHALH:
N F A\ — F, A=+ F
cos(F, x) = —=, cos(F, y)= =%, cos(F, z)-=% (13.9)
F F F
Arap momnuii HyKTa XapakaTH BeKTOP ycCviala €xku Ttaduuil
ycyana 6epusaran 6%aca, (13.5) anddepenuuan Tenraamanap yp-
uura (13.4) éxku (13.6) TenraaManapnan Qo#nanraHunanu.
Moanuit Hykta AHHAMUKACHHUHT GHPHHYH AdaCOCHA MacaJjacu
HYKTaHuHr OepuaraH xapakar KOHYHuHH Juddepenuuannamw ép-
JaMuAa eduaranu tydainu ouHaMUKAHURZ MYFpL MaACAAACE [0
XaM aTtajaaiu.
33- macana. m Maccaan Moaauit Hygrauuur Ox yyg Oyiuua
TYFPH YHM3HKJIH XapakaTu

) o,
x=a]n(]+-; t) (1

Terrsiama Ouaar udonanananu, 6ynna @ Ba v,— YarapmMac MuUKAOp-
JAap, X—MeTp xucobuna yauauann. Hygrara tabcup sTyBuld Kyd

BAKT CK)YHKU.HHCH Bd TE3JHK ,?ZHK“HHCH cn(paTuna AHUKJIAHCHH.
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Eunw. Moganit HyKTa TyFpH UH3HKAM XQpaxkaT KHJATAHHW YYYH,
VHUHT XxapakaT AuddepeHuHan TeHrAaMacH KyHRuUaard kypuHuura
ara OGynaau:

m; =Fx‘

(1) nan Bayr GyfiMua GupuHYM BAa MKKMHUYM TapTHOIH XOCHAA-

Jaap xucobaafimus:
avy ,%: avy?

X = , -
a+ vt (atuity’

Y xoapa:

2
mavy,

Foo ——— 2,
(2 + vet)?

x

auv,
a-+vgt

Bynna x = v = O6yaumnan 3BTHGOPTA 0JICAK,
v?
F ="
4 a

-

keaud uwukanum. Ox YKuuur Oup/ank HYHAATHPYBYH BEKTOPHHM I

-
6unan Gearuaacak, HyKrTara TabCup 3TYBuM F Kyu BEKTOpHHH
8HHKAOBYH

MYyHOCa0ATHH XOCHJ KHAAMHS.

34- macana. m wmaccasin M wapua xap OupuuuHr y3ysauru [
G6yaran MN Ba MK Basucua crepxensap OujdaH LWapHWP BOCH-
Tacupa Ovwpuktupuaran (13.1-pacm). By cucrema Bepruxan AB
Y& aTpoduna o yarapmac 6ypuax Tesquk 6unau aiisanany. KN=2a
Aeb oanb, CTepeHJAApAAru 3YPUKUILIAD &HHKJAECKH.

Eupm. Koopaunara Oowmnsn O HyKTaAa
0au6, 13.1-pacmaa xypcaruarasgex, Oxy
KOOpAUHATANAD CHCTEMACUHU YTKa3aMu3; GyH-
na MK Ba MN ctepxensap &Tras TeKHCJIHK
Oxy Ttexucaux Ouaad yCTMa-yCT TYILUCHH,

— —_
lilapuara Tabcup 3TyBuYn G =mg OFWPAKK
KY4Hd Karopura BA3HCH3 CTepXeHaap peak-

-—

—
nua kyuaapu 7, Ba 7, un xywmub 0aub,
[Aap4aHy 9PKUH X0/r2 KeATUPAMH3 Ba YHUHI

mx: }:lev ’”.:V= :Fiy (])

KYPUHHUIAATH XapaKkaTd AuQepeHnall TeHr-
13- pacm. JaManapuHu Ty3amus.
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' KMN yq6ypqar< TeHr éuau Ba ON=OK=a O06yarauu yuyH

o
OMN =0OMK = « ypunananp. M mapuara TabCHp 3TyBYM Kyu-
JIADHUHT X Ba Y YKJApAarn NPOEKUHAJaPUHUHT AHFUHIAMCHHM XH-
cobaafimus;

NFie=Tycosa + T cosa,

ZFiy = TNsina — TKsina —Q @)

M wapuanunr xapakath AB Beprukasa yK arpoduna o yarapmac
6ypuyaxk TesquK OuJaH COAMD OYJArdHH Y4YH YHHHD Te3J8HU LK
Kyfiuaaruua anuK/JaaHalu:

w=w, =uw? OM =) [> = a2

@ BeKTOp AyHanuwn Ox VK HYHanduura MOC KenajH, NAeMak,
X=w=o0¥1?—a%, y =0
Bynapsn sptufopra oanb, (2) wu (1 ra) xyamus:
moty 1= a* = (T, + T )cosa \
O0=(T, — Ty)sina— G, l (3)

OMN yubypuakaan:
Vi2—qa2 . a
cUsa = ————_ sina= —,
{ {
bunobapun, (3) Tedrsamanap
mell =T, +T,,
mgl = T,—T,)a

KypuHullra kearupuiaid. Dy tenrnamanapnan T, Ba T, aHuk-
AdHAIM;

{ {
Ty=7 (0'atg), Ty==(s'a—g) )

(4) Teurink Onnan anuxaanysun T, AoumO mycOar 6yaranu yuys
MN crepxennaru 3ypuguin 1abcuphia Oy cTepkeHb Uy3HAALU;

arap wit — g >0 éxn o > l/é’ 6ynca, 7,>0 Ba 6y xonna MHK
Q

XaM uysuaanu. M wapuaHuHr MyBO3aHAT XoaaTULd @ = 6¥.1ub,
!\ Ba T\ monyab wuxatTaau teur, gekun 7, >0, 7, <0

40 mol 0 mgl
/N = =

da (== 2 °

Bynapuu (4) Gunan taKkocaal, WAPUAHUHT MYBO3@HAT Ba xapaxaT
Xoasapuna CTepxeHaapidrd. 3ypukuaap Ttypaddya O aultuHu
{ Kypamus,

12:59W
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55- §. Moaan#i ayKTa IMHAMWUKACUHHHT HKKHHYM acOCH#A
MacajacHHyu euyulll XaKHiaa MabAyMoTiaap.
bowaanFuy mapTIaApHUHT KyIJaHHAHIIN

Monaul ByKTara TabCHp STYBUM KyuJap Ba HYKTa maccacu
Gepuaraviia YHHHC XapaKaTHHH aHuKJamW Macajaacd OHJAAH TAHU-
iwamMu3. Moaanii HyKTa AMHAMHKACHHMHI 0y HKKWHYH Macajacu-
HY evHuaa MOAAWMA HYKTA XapakaTUHUHT BuddepeHuHans Tenraa-
Masapu Ty3wiaAu Ba yJap WHTErpansaHaav. PyHKUUAHM HHTET-
painain Macaiacu yHu Aupdepenunasalira kaparania Mypaxkad
69auwuun 3bTHOOPra OAraHaa, AUHAMHKAHMHT MKKUHYM MacaJa-
CHHH euyntl OuUpHHYM MAcCaJaHM XaJ 3THINra Kaparasia KUHUHDPOK
IKAHWMHY OJUIMHA4AH TACaBBYpP 3THW MYMKMH. Dy moamauit wygrara
TABCUD ITYBYHM Kyu KaHAafl y3rapyBuRAADHUHT PyHKUnsCH OYiH-

wura xaM 6oraug. Hyygrara tascup atyBum kyu ¥arapmac (F =
— — -— —>

= const) éxu kyua dagat BagT Pyuxuuscu (= (F){), éxu HyKTa

KOODANHATAJNIAPUHAHT (PyHKUUACTH (Fﬁ= F(x, v, 2}), €&KMm HyKTa

- - -
Te3AMTBHUHr PyHKuugcd (F = F(v)) O6yaras xoasapia MOALKK
HYKTa AMHAMHUKACHHUHI WKKUHYH aCOCHH Macanacu HuchATaH OCoH-
POK XaJ KHJIMHAAM.

Macanas, 3/4eKTpPOCTAaTHK MANACHAZ 3apALJIAHTAH 3apPAvaHUHT
XapaKaty TeKWHPUATAHAS YHTA TALCHP STYBUM Kyy Wy 3appaua-
HUHT MafijoHaaru ypHura, abHU KOOpAWHarasapura Goraug. Lly-
HUBTACK, MYXWUTHHHT KADWU/AHK Ky4d TABCHPHAATH MOLILWA HYK-
Ta XapaKkaTu yprauuaranga, Oy KapimuauK Kyud HYKTAHUHT Te3-
aurura 6orauy 6yaand.

YmymMman, HyKTara TabCUp KHAYBUM KY4 O6up naiTaa BaKTHUHT,
HYKTd KOOPAWHATANAPHHUHT Ba TE3NUTHHHHL (QYHKUHACH OyAuUiH
MYMKHH, I'BHH

F:F(/, X, ¥, 2 X, y Z.)-

Kyunapuunr Keatupub yTuaran Typiapuian ©OoiiKa Typaapu
XaM yuypamd MyMKHH, MacaaaH, HyKTara TabCHP KHJAYBUH Kyd
YHHHT Te3ananuwvra 60FANK OYJuWM KW HYKTAHHHT a#HW napT-
Jlard KOODAMHATaAaPW BA TE3AUrHTAaruHa OOFAMK OY/AMACLAH, YHUHT
OowaanFuy naiTiard KQOPAUHATANApH BA Te3ayrura xam OOFJHK
Oyaumiy mMymkud. Onaraa, KefHHrH UKKH TypJaru xyujap mexa-
HuKana Kapaamannu

Ulynmatt wuawuob, 7: F(t, X, ¥, 2 }c, ir, é) xonpa F, =
= Flly %, 9, 2, %, v, 2) Fy=F,(t, %, y, 2, %, ¥, 2,) Ba F, =

= F,(¢, x, 9, 2, x, y,2,) 6yand, 5pkHH MOAAMA HYKTa XapaxarH-
nunr Jexapr xoopaunaranap cucremacuparu (13.9) Auddeped-
[Maa TeHrAaManapu
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mx=F/l, x, v, 2, X, v, 2).

mV =Fv(t, X, y: <, )}9 Y, z)’ (]3'10)

mZ=Fz(t, xg ys zv X! 5}! z)

Kypunumiaa €sunaan. By nkxunum 1apTHOAM AubPEpeHHan TeHr-
Jlamasnappy HHTerpa/aall Xycycnaa yMyMHH KypCaTMa/japHu KeJ-

THPAMHUS,
Arap (13.10) uu

ilji(t! X, )’, 2y -;C: }-)) Z)l =O,

—[fa(t xl )’, 2, x: y9 Z)]'— I
~[}‘3tx,y,zx Y, z) =Ol
i

Kypunnmfa upona stum Mymkul 6yaca, Oy TenrnamanaapHu Gup
MapTa uHTerpa’nnad

f’l(t x )’: Z );:9 }": z‘)=C1:
f)(tn X, yy 2, “vv y: Z) = CZ:
it %, 9, 2, %, ¥, 2)=

(13.11)

KypuHnaary OGupurun Taprubau auddepennnan TEHrIaMajap
CHCTEMACHHU XOCHJa KuJdamus. bByuna C,, C,, C;—uxtuépuii ys-
rapmac consap. BaxTau, HyKTa Koopﬂuﬂaranapnun, TE3INKHM Ba
yarapmac codsapuu Gori0Bun (13.11) mynocabarra (13.10) dug-
PePeryuans menzAAMALAPHURE OUPURYL UHMELPAAL JeinaalH.
Arap (13.11) nu

d
7 l‘?l(t' A, ¥ 2 Cy, C?s Cs)] =0
o
l;;l.wb(t' X, )’, 2, CT’ C2’ 03)]:‘0:

d , N
E[%’s(f’ X ¥z C L0, C)l=0

KypuHumna udonanam MymxkuH 6yaca, y xodana
e ft, x, ¥, 2, C;, Cy, C)=C,,
os(ts % vs 2 €y Gy, Cy) =G, (13.12)
e3tls X, Y, 2, Cyy Gy C3)=Cy, ]

Ypuuan 6yau6, 6yuna xam C,, C,, Cs—uxtuépuil ¥ysrapmac cou-
Japaup. BakTHy, HyKTa KOOpAUHATAaNAPHHM Ba y3rapMac COHJaplu
Goraosuu (13.12) myHocabarra (13.10) HMHT UKkKuH4W UHMeEZpAAL
Aeiivaanu. Arap (13.12) #€u
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x=ux(t, C,, Cy, ..., Cy, l

Y=t G Cpnr, Co) | (13.13)
2=zt Cpr Coren i Oy )

Kypunuiiza uhoAa Xuaull MYMKUH O6yJaca, v xosaxa (13.13) ra
(13.10) nuar ymymudt eunmu, Cy, C,, ..., Cq y3rapmac coHnap
9Ca WHTerpaa nOouMulinapu Aehunanu.

(13 13) naru wuurterpan JgoOMMUHAApH Xap Kauaalk Yyarapmac
O6yaranga xam (13.13) wmysocabataap (13.10) auddepenuuan
TesraaManap CHCTeMacHHUHr YMYMHH eyumaapu Of.iaBepany,
fbHU OUD XU/ KypuHuuizard auddepenuuvan Tedraamanap cucre-
MacH TYpJad KYPUHUULAAry edyumJjapra sra 6yaaau. Arap monauit
HYKTAHUHT Xapakar owaanuind onpuaaru Eku Oupop ¢, nmafitna-

FH KOODIAUHATANAPU Xy, Vo, 2, XaMJa COWJIAHFHY TE3JAHTH Xg, Y,

2, Gepuaran 6y.ca, 6y Waprjap acockia UHTErpaJa HOHMUHLapu-
un aHuxaa6, (13.13) udonara xyduaca, 6GupruHa.eunwM xocua 6y-
nand. Lowaratrus naimoa MoOCUL HYKMQ KCOPOUHAMAAADH
80 me3AniuKUH2 Depurnt bOwAQRFIY Wapmaaprune Oepuau-
wu oefiuracn.

[llysaait kuau6, GowaanFud  wapriap Kyhwaaruua wudozana-
HaAN:

X = Xg Y=V &=z

X=Xy Y=VYp 2 =2,

P=ty (13.14)

(13.14) Gownmanruu wapraapuu (13.11) Ba (13.11) ra x¥iu6, C,,

Cy, ... ,Cy y3rapmMacaapHuar KWAMATIaPUHER TOTICAK, VAAD S, Vo,
25 Xos Yo, 2 OpKAIH udonanaHaLd.
Ci. Cyy ..., Cy y3rapmacaapuunr Oy gnitmataapuuu (13.13)

ra xyaub, (13.10) auddepeHnuan Teursamanap CHCT@MACHHUHT
fepuJral mapTiaapra MoC eUUMH—MO 00Ul HYKMAHUHZ KUHEMA-
MUK XAPaKam MmeH:AAMaiapl XO0CUA KUAUHATU:

A

x=x1(t’ Xos Yos 200 Yoy Yoo zo)l I
y= 3)1(tv Xor Yo e Koo Yoo zo). l

z=z,(/, xO’ yOa ZO’ X0y yO’ ZO)'

56- §. Moaawit HYKTaHKHT OFUPANMK MaflOHWUAATH
xXapakaTH

Mopauit HyKTa AMHAMUKACHHWHT UKKWHYM aCOCH{i MacanacuHu

-
eUhil Y9YH MHCOJ Tapukacnaa ToOpu3onTra a Oypuak OCTHIA Yy
OowWIAHFUY Te31uK OusaH oTuaraH m maccaau M mMoaauit HYK-
TAHMHT ¥3TapMac OFHPJVK MaliIOHnAAard Xapaxkaturu lexapr xoop-
NVWHATAJapu CHCTeMacura HucbaTan TeKklWIHpamud. MyXUTHHHT Kap-
muaurutn xucodra ouamatimus., Koopaunatasap OOWIuHM HYKTa-
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nyuHr £=90 nafTaa sranjiarag z
ypHuaa oaamus. Koopauuara

- -
TEKUC/JUKAADHHU T, Te3JHK
pexkTopun yOz mBepTukaa Te- a
KHCAHKIA éTaANraH  KH- P42 —~
au6 woitnawtupamus. (13.2-
pacm). ¥ xospa GOwNaHFWRY o .
wapTaap Kydujgaruda e€3u- /0
LERGR -

x=0, y=10, 2=0;

x =0, y=7,008%, 2=
= sin 2.

t =0:
13.2- pacm

Hyxrta dakat # OFupaHK Ky4YM TabCHpHIA Xapakar xuJjand., By
KYUHUHI KOOPRWHATA yKAapuuaru npoexudsaapu P, =0, P, =0,
P,— — mg 6yarasp y4yH HYKTa XapaKaTHHUHI qu)cpepeﬂunaﬂ
TenrnaManapu Kyiunaruua udonananany:

mx=0, my=0, mz= — mg, (13.15)

(13.15) uu Oup Mapra unTerpaaiad,
x=C, y=C, z2=C,— gt (13 16)

TeHrJamaJapil X0CHJA KuaaMmus, Xocua Kuaunrad (13.16) cucrema

(13.15) wmunr Oupunun nurterpasuaup. DBywumaru C,, C,, C,—un-~

Terpa/j AouMufinapu OOWJAHFHY iapTJaapian Tonuaanu, Bomjan-
-

Fug ¢ == 0 nafitnary x =0, ¥ = v,cosa, 2 = Uysina  WapTiapuu
(13.16) Tenrsnamanapra Kyiinb, C, =0, Cy = v,cosa, C; = v,sina
xocua kuauHaau, Wysna#t xuau6:

x =0, y = vose, 2 = — gt + v, sina, (13.17)

(13.17) nu uurerpaniad, (13.15) HuHr UKKUHYM HHTETPAJMHM TO-
namua:

x=Cy y=1,080+t4Cy, 2= —% gt* + vysina - £ ++ Co.

Boutnanruu mapraapaan  ¢donnanauué C,, C,, C; uuTerpan ILoHu-
muitaapuun toncak, C, = C, = Cy; = 0 xenub uugaan. Haruxana
HYKTa XapakaTUHHWHT TeHraamanapu gyhugaruda GYysnanu:

x=0, y= v,cosa- ¢, z==———;—gt2+“uoslna-t. (13.18)

Xapanar JaBOMHKJa HYKTa aGUMCCACHHUHT KH{IMaTH HOJra TeHTJH-
ruua KoJasepwiiy xapaxkatuuur yOz Texuc/iuruna GyJiMiMHN TaC-
augaaigu. (13.18) udorazaH BaxT £ HM AYKOTHO, MOAAMA HYKTA

TPACKTOPUACHHH XOCHI KUJAAMU3I,
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z2m— 5
203cos“a

v+ tga - .

57-§. Moaauit nygTa TYFpH YH3UKJAM XapaKaTUHHUHT
Nudpepenunan TenrjamMac Ba yuu 0ab3d colaa Xo0J4aap
YYYH euHs

Maccacu m 6yaras M moaauit nygrta 6upop nyq TaBCUPH -
pa Ox yx Oyfiuua TyFpd uwHU3UKAW XapaxkaT Kujacun (13.3- pacu)
Bomaanruy ¢ = 0 nafitaa

X=X, U=17, (13.19)

GOIIJIAHFHY LIAPTA4PHE KaHOATAaHTHPYBud Al HyKTaHHHI Xapa-
KaTHHH aHHKJAul MacaJacHHy Kypub 4uKamu3,

DyHHHI YYYH MOAAMH HYKTA XapakaTHMHUHT audgepennnan
TeHrJaMacuHd Ty3u0, YHY HHTerpa/diam Kepak. Xapaxkar TyFpu
yu3ukau 6yaraum yuyn (13.5) nuddepenunan Tenraamanapiau
(dakat GUpUHUYNCHIHHA KoJaAu. [oaram Tedrsamanap sca HoJAra
afnaHanu:

mx=F,.

F,= F 6yarauunan, Oy TeurJaMaHd KyWHAArd KypuUHULINA €33«
Mu3:

mx=F. {13.20)

(13.20) m000uis nyxme myrpu wusuKAl Xapaxamurine ougpe-
penyuan meHenamacunu wdonasainu. Arap Hykrara OUp Heua
Kyunap Kyhuarad 6ynaca, (13.20) renraamana F Hu Wy Kydaap
cucTeMacu TeHT TabCHp 3TypyucHHMHr OX YKAATM NPOEKUMsCH
ne6 kapam Kepak. ApBaa Kafin kuauuraduiex, (13.20) Tenrnama-

Aa F xyu GUp BakTHUHF ¥3uaa BAKT, HYKTAa KOOpAWHATACH Ba
Te3/IMTYHAHT DPYHKUMACH OYI4UIM MyMKHH:

F=F(t, x, x).

Bus F=F(t), F= F(x), F==F(/\.7) fyarad IRr COALA X041apaa,

KeHUHDOK, KOHKpeT macaaaaapaa F = F(x, x), F =F(f. x, x} X041~
aapaa (13.20) auddepenunan TenraaMad edHIHA Kapab 4HKaMH3.
F=const 6§aran xo.aa Audpdepenunan TeHri1aMaHn euuly apsai-

- - ru naparpadgpan Gusra MabayM.
a T % w7 1. F=F(t) —xys saxm pyrk-
x X yuscu 6yazan xo04. By xonna(13.20)
x Luddepennan TeHrjaaMa
13.3- pacwm. mx = F(t)
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8k U= X y3rapyBud KHDHTCAK, KYHHIArd KYPHHULIHU OJAQU:

du
m i F(t),

By nuddepenuuan TeHrnaMaHWHT UKKKY TOMOHUHM df ra x¥-
nanTupub, yarapysuuaapy 2Xpaaran TEHrAaMaHW XOCHA KUAAMHU3:

mdv = £(t)dt. (13.21)
(13.21) TeurnaMaHHHr €4YHMHU
v=4¢(¢, C)) (13.22)
kypunumaa Oysaagd; OyHia v = %637111‘3}1“ YUy H
dx
==t
ot $(¢, Cy)

€Ku
dx =¢(¢, C)) - dt

ypunau. Ysrapysunaapu axpaaran 6y TEHIJamaHd sHa Gup Map-
Ta UHTErpaJIaiiMHu3:

x = g(t, C;, Cy). (13.23)

(13.19) Gournanrnu mapraapuu (13.22) sa (13.23) ra x¥iinuzan
xocua G6yarad renraamanapaan C,, C, Tonuaanu. By aunugnauran
C, Ba C, xunitmatiapunu (13.23) ra ky#um Ousan MOLAMIA HYK-
TAHUHT XapaKkaT KOHYHU Keaub YuKaiu,

mavﬁ

(atuet)?
kyu tabeupuna Ox Yy Gy#nab xapakart/iaHanu, OyHoa a—HCMJH
ysrapmac co. bouisaHFuu naftha HyKTa KOOopAuHaTa fownaa Gy«
anb, v, Te3AMKKa 3ra. HyKTaHMHI XapakaTd aHMKAAHCHH.

Euniu, Moanu#i HykTa GowJaHFM4 nafTaa koopauHata Oowmu-
na OyJarasu y4yyH, OONNIaHFMY IHApPTJap Kyiuaaruya €3ugaaiu:

t=0, x=0, v =7, ()

35- macana. Maccacu m GyaraH MOLAMHA HYKTa F, =

Monanit nyxranunr (13.20) kypunumwaary anddepenunan rteur-
JaMaCHHN TY3aMHU3:
. mav}
mx = — ———— {2)
(a + vt
(2) nuddepeHuunan TeHraaMagaH HyKTara TABCHP ITYBUH Kyu
BaKT (PYHKLHACH 3KAHAWIH KYPUHHUO TypuOLH.

v =x GeJrnaai Kuputub, uxkuHuu Taptubau (2) auddepen-
nuas TeHrJaMmanu OupuHud TapTUOAM AU(pdepeHnHan TeHraama
KYPHHUIINIa KeATHPAMU3:

dv _ ‘"-’.r':
at (a@—+ vty
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o —————————

i =

YuuHr Xxap MKKH TOMOHHWHU df ra KynahTupuO, ¥3rapyBuyHJ/apu
axpanran AdddepeHunan TeHrJaMa oaaMH3:

avg
(a + uy)?
Xocusn 69AraH TeHrAaMaHU WHTErpaanaiMus:
1

)
V= — qav; ————e +C
0 —‘Uo(a -+ ‘Uot) !

dv = —

UV = AL _i_ Clv (3)
a+ vyt
t =0, v= 1o, waptau (3) ra Kyamus:
av,

Vy=—+4 C,, abuu €, = 0.

a

Wynpait xuau6 (3) Kydnparuya €suaanu:
p= 2% (4)
a+ ot
Buan (4) 18 v = X 6yAELIMHEN SHTHGOPra 0/CAK, YHIAH

aty

dx = dt
a - vpt
Keaub uyukanu, By TesriaManu aua wHTerpajnaimMus:
x = aln(a + v,t) + C,, (9)

(5) ra (1) uu, spun £=0, x=0 waprTuu KyaMus,
O=gina+C, éku C,= —alna.
Y xonaa (5) Aan
x=aln(e+v) —alna
éxn
x=a1n(1+"lz) (6)
X a
xocun O6yaanu. tlywnpait xuauné OGepuaran F, Kyu Ttawncupumarwu
HyKTanudr (1) COWNAHFAY HAPTAAPHH KAHOAT/ABHTHPYBUM Xapa-
katu (6) Tenrsama Ouaan udoaansaHanu.
2. F= F(v)— Kkyy Hyxma me3ssnzunune @Gynryusicu 6yiszan

x04. By xonnga (13.20) auddepenuran TenraaMa Kylduiard Kypu-
HUmAa 6ynaan:

mx= F{v) éxku m %’ = F(v). (13.24)

dt .
(13.24) TenrsaMaHuHr Xap UKKH TOMOHHHU o) ra xynafitupuo,
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(a1
yarapysunaapu ampanrad guépdepenuuan Tenraamara sra € N

MH3: ¢

m ﬂ- = df, 1 ¢

F(v) ,/

X 22) 1A

By tenrsnamanu ugrerpannab, CyHrpa v ra Huc0aTaH eucak, (13113_ /i

KypuuuwAaru Teiraamara kesamus. Cyurpa macana euuMuaus ! 1

BOMA |- xoamarura yxwaw O6yaanu. T

36- macana. Maccacu m Gyaras monauit uykra Ox yx O !

’ " a-

aa6 F = — ks Ky4Y Tawbcupuaa (@ — ysrapmac COH) xapaxaT'1 /
a

v

nanu. Bowaawruu pafitma myKTa xoopannata Gowmaa GyamO °

Te3/uKKa 3ra el 0440, YHUHI Xapaxkar KOHYHH TONHJACHH, .

Edgum, 35- macanagary xadu OOWIAHFHY LAPTJAAD Kyﬁmaal‘f
ya ésusanu:

t=0, x=0, v=21,
)
Monanit Hygta Xapakarnuuur Xuddepesnuan Tewraamacuuau TY

3aMu3:

. mu?
mx= — —
q

: at .
v=x nebd osub, TeHTNAMAHHHT HKKY TOMOHHHH — ra kynas-
v

TUPHO KyHularudd XOCHA KuaaMus:

dv 1
— = — — ¢,
v? a
By Ttenrnamanu uuTerpaanaiimus:
| 1
—— = ——{+C,
v /1
Bownanrua wrapt: £ =0 aa v= v, ra k¥pa €, uu aHAKIAAMUS;
I N i ! 1
C, = ——, lllyunaii Kkuinb, — = —f4+ —.
Vo v a k20
By teunrnamauu v ra nucbaran euamus:
av,
V= _L.
a & vt

Xocun O6yaran mdoaa 35- macananaru (4) mMynocaGatauur y3rusa-
cunup. Bunodapun, HyKTaHMHT XapakaTH KyiuZard KOHYH Oyiiu-
ya Keyamu:

X = aln(l —}—l%)

3. F = F(x)—&y4 Hyxma KOOpOUHAMACURUHKZ @YHKYUACU

6y.12an x04. [
Bysaa (13.20) audpdepeunnan tenrnama
mx = F(x) (13.25)
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Kypunumina €sunaad. (13.25) tunuparu nudepeduyan TeHraa-
MaJapHH KynuHYa XapakTepuCTHKA/AD METONH OWJAaH edHln KY-
Aai Oynanu, Arap £(x) xyra wmypakka6 ¢yuknua OGyamaca,
(13.25) kypunnmnarn auddepeHunan TeHIIaManu XaMm yarapys-
UHJapy aXPadaiurad TEHT/Aamara Ke/JTUDHII MYMKUH.

v=2x neb oaub, (13.25) un kyaunaruua ésamus:

dy
m— = F{x). (13.26)

OHAN KYRMAArHYa MAK/ aAMaWwTHPUI 6axapamus:

Byura xjpa (13.26)
do
m - -v= F(x)
KU
mudv = F(x)dx (13.27)
Kypunuira keatnpuaaau,(13.27) —ysrapysuusapu axpaarai gud-
(depennuan Teuraamagup. (13.27) zuddepenuuan rteHraamanu

eynd, MoMAMI HYKTA TE3JMrH Ba KOOPAHHATaJapu opacuaaru 60F-
JAHUII aHMKJaHAAN:

v=q(x, (), {13.28)

(13.28) na v = 4% Gyaumunn svTHGOPra oanCaK, yHH
dt P

dx
= d¢ 13.29
‘P(x, Ci) ( )

KypuHuuina 3um Mmymnn, (13.29) ysrapyBumnaapu axpa/ran TeHr-
JaMaHu fHa GMp uHTerpanaal, HYKTA KOOPAMHATACHHUHL BaKT
GYfiMua ysrapuilMHU XOCHA KH/JIaMHU3:

X = f(t: Clv C2)1

6ynnarn C, pa C, Gowmnanrnu mapraapaad ¢oinananud anuxia-
HaAH.

Ulyuu Tabknanaw Kepaxku, f = F(x) 6yaranga xuddeped-
HHa/J TeHIaMaHu Y3rapysuu/japu axKpajalWrad Teurjamanapra
KeaATupu6 euuwr ycysau AouM k¥a  Kenasepma#iau, GyHaa (13.29)
TEHT/JJAM3HWHT Yao TOMOHM aHuaruHa mypaxkka® &yHkOHA OyJaH«
IIH MYMKHH,

37- Mmacana. Maccacu m 6yaran M moa-

’ FEHM M, . Aui HyKta Ox i§Haanwmura Teckapu #ynai-
X

‘ rai F,= — (X Ky4 TABCHPUJA TYFDU 4HH-
t— 3HKJM XapakaTt Kuaanu, OyHaa ¢ —yarap-
mac xos(pdgunuent (13.4- pacM). Bownanruy
13.4- pacu, nafiTaa HyKTa KoopAuHATa OOMIMAAH @ Ma-
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codana OowlIaHFWMY TE3JNHKCH3 Xapakarra KeJATHpuAradw ne6 oaungG,
YHUHF xdpakaTu anuKsancus. OFHPAHK KyqH YBTHOOPra ONHHMACHH.
Eupmi. Macasia maprura xypa 60mJauFud mapriap Kydugaruya
é3uaaan:
t =0, x=a, v=0.

M uykTa TYFDU TU3dKAM XApaKATHHUHT AnbdepeHunan tewnrsa-
MaCHHW TY3aMu3:

mx = —cX.

ve=x, £ =k Gearunapiap kupurcak, 0y Tedraama

m
dv
—~ = — k% (1)
dt
. dv ao dx dv
KYPUHHLIHM OJAAH. — = —+— = — «+ U IAKA aJIMallTHpPHII

d¢ dx dt dx

OHAW X0Cua GYaram TeHrJaama yarapyBunaapr axpaJiraH TeHr/aa-
Ma KYpUuUIINAG €3MANIN MYMKHH:

vdv = — k’xdx. (2)
(2) TenrJiamaHu WHTErpanJafimMus:
Yo —e X, (3)
< 2

Bowaauruy waptra acocad (3) nas (L‘l=le2~%J Keaud  ymkanu.
Tonuaran C, guiéiMatunu (3) ra xyamus:

0 = k¥ a® —x*) éku v = + kv aP—x2 (4)
Tesnux Bexropu Ox yxKa Teckapu iynaaraun yuyd (4) na mau-
¢Gu#i HWOPAHH OJaMU3. VU = Zf 6yaranunan (4)

dx —_— . dx
— = — kya*—x* éxu —
dt VY ati—x2

= kdt (9)

wmaxana €3unand. (5) auddepennnas TeHrIaMaHd HHTerpaJJafi-
Mu3:

arccos = =kt + C,. (6)

a

(6) ra t=0, x =a uu K¥in6, arccos 1 =0 6yanwunu 3vTadéopra
oncax, C, = 0 xocun 6Ynanu. BunoGapun, (6) Tenrnama

arccos i— = ki &ku X =ma cos it (7)
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Kypuduuind onagu. lllynnad gxuauG, F, = —cX Kyu T&BCHUPUIATH
MOAAWE nyKTa (7) KOHYHra acocaH xapakaraadanu. (7) naH Ky -
paMu3KH, MOLAMH HYKTa SDKHH TeOpaHMa XapakaT Ku/aap JKaH.

Kyu nyxra koopausatachHunr ¢yskuuscd cudardasa ysrap-
ranga auddepenuran TeHrJaMaHH XapaKTePUCTHKAAEaD MEeTOAM
Ounan eYHUIHH KEHMHPOK, MOAAWIA HYKTAHUHT TeGpanMa Xapaxa-
THHY ypranuiaa xypub unkamus.

58-§. boraanmunap. borsannuizary MOAIMA HYKTaAHHHT
XaApaKaTH

Moaauit HYKTaHHHI XapakaTura MabAayM HyHaiuiiia yek Ky-
fivarag Oyauiud MyMkWH. Mabaymky, HyKTa Xapakartduu Gupop
Aynaauiina yeksaoBuud cababra Oorsanuw neiuaand. BoraaHuW
CHDT, TEKHUCAWK, 3TPU YH3UK E€KU TYFPU YUSHK OVANLIM MYMKUH,
Bornanumaap, 4yHOHYM CHPTJAP, TEKUCJIHKJAD, 3rPU YH3UKAAD,
TYFPH uM3HKAAp, TeHrJamanap Owjan OGepuaaiu, MoAAMH HyKTa
QdoFaanumaap  Tabcupuia €xku  OoraaHvmaap 6y#iaad xapakar
KHA2D 3KaH, YHUHI KOOpAMHATAA4PU OOFJNaHMIIIAD TEHFAAMACHHHU
KanoatnaHTapumu kepax. Macanan, moganfi Hykra OUPOH J CUPT
Oynsal XapakaT/anCHH, Y XO0JAa GOFJAHMUIHUHE TEHrAAMacH

f(x, v, 2) =0

KypHHumiia 6ynanu. Arap MOAAME HyKTa Oupop ¢asobufi srpu
unsug 6y#nad xapaxarianca, OyHAaf STPH 4M3HK HKKHTA, /1.,
¥, 2) =0 B8 [y (x, ¥, 2) =0 CUPTAAPHHHT KECHIIKII YUSUFH CHa-
THA& ONNHKWM MyMkud, DunrobGapnH, Oy uxku Tenrsnama (asosuit
rpH YN3HKHHUHT Tedr/1amMacH — GOFIaHUII  TeHrsamacuuud udona-
Jafiiu.

Monnu#t nyxranuur xoopausartaiaps OOFJAHHILIAD TEHIJIaMa-
CHHH KaHOATAZHTHPHUIM Kepaxk Oy.araHu Kalu, OOWIAaHFHY 1apT-
4D XaMm 3MAM UXTHEDPUE Gyaa oamadan. Yjaap xam GOFjaHunLIap
TEHTAAMACHHH KAHOATAAHTHDHILK Kepak.

Bup mucon xeatupamusz: M moaamit Hykra ysyHanrun R Gya-
ran CTeP:KEHHMHI Oup yuura maxxamaanran GyJicud. CTepKeHHUHT
MKKHHYH yud KY3sraamac O Hykrara cdepux 1waphHup Gunan Ou-
pukTupuaray, O HyKTa KOOpAUHATA3p OOMNAA OJHHraH, ¥ X0.-
Aa HYKT4, Teuraamacu xé+4y*d-z%=R? Gyarau cdepa Gyiiaad xa-
pakar guaagu. Hygra Oowaawrua nafitaa KadAal BasUATHW 3raj-
JaMacud pa OOW/AAHFHY Te3aurn Kanaall OYamacuu, yHunr Oy
nafTaard KoOpAHHATaAapy cepa TeHTAaMaCuHN KAaHOaTIaHTHPULIH,
Te3Juru 32a cdepa cuprura ypusma OfauUIM Kepax.

Dornanutusap daxar tenraamasnap OuJIaHFHHA 3MAac, TEHICU3s
auraap Ouaan xam Oepuauniy MyMkUH. Macaaan, M(x, y) mMozauft
HYKTA y3yuauru ! 6yarad unyuur Oup yuura OUPHKTHPWATAH
Oyacun. Mnauer uKguaud yuudd Kyaga yuwaaG MOALHE HYKTaHH
BEPTHKAJ TeKHCAUKAA afinanTupaiiiux, HygKTanHWHr Te3AHrH erap-
A4 kartra 6yaranga, y x>-+y*—[*=0 aiiaana Oyiiab xapakariasa-
Ad. Esuarad tenraaMa COraHMmIHuHC TedraamacH Oyaamu, Arap
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HYKTAHHHT Te3JMru KaMmafica, HyKTa afilaHaHuHT IOKOpHAard Kuc-
Mula OGyaranfa un ,0ykusub“ HyKTa Tpae.TOPHAAAH ,Tyus*
KeTHWH MyMKHH. Dy xoafa nyxrara Ky#auarags OOFAGHALIHUHT
Tenriamacu x° -+ y* — 12 <0 6yaanu. Hlyuaas xuau6, Gornanunui
TeHrCU3uK GuaaH Xam Gepusriin MymMKuH TeHrauk uimopacu 6u-
nau 6epuaras Gornannmaap 6yuammaionear GOFAQHULLAGY Aeiiu-
aaad. Tenrcudaux Ouaan udojanaHaauray OOriaHuIlIap 6ywama-
Juzan nefinnany.

Kypuarau Gornaiuusiap TeHraMacura §akar HYKTa KOOpAu-
11aTanapu Kupra. YJap HyKTa KOODAHHATAAAPHHM MabJayM Laprt-
aap Guaau Goraaiiau. Byusall GOFMAHHINAGD Z0A0HOM (EKu 2€0-
smempur) OoFaanuwaap fehinnang. Jlexun Ooraanuinap dakar
HyKTa KOOpAUHATANAPUHUrHHA 3Mac, OaskH KOOPAHHATANAPHUHI
payT Oyfnya XOCuJaasapuHu XaMm MabayM wapraap Ouaan OGoraa-
Wy MyMKHH., DOFaHumiap TEeHr/aManapura HyKTa KOOpAuHATA-
JADUHUHEC XOCUAAAapH XaM Kupub, Oy OOFIaHMLINAD HHTErpannau-
maiiguran 6y.ca, yaapra 6ez02010x (EKU Kunemamur) O0F.2akuLL-
Aap AedunanH.

Fosodom GorsaHuwWIap Xxam, OeroJoHoM OOFAd HUWAAD X4M
cmayuorap Ba HOCMayuonap GOFAqnuunapra Oysunanu. Baxrra
Gorsing SyaMarad OOFAAHMILAAD CMAYUOHAP OOFAQHUMLAAY Nelin-
aapu. Arap OGOFjanull BakTra OOFAuUK Oynaca, y HOCMayuorap
borranuw pednnanu, CranuoHap Ba HOCTALHOHAD 6oraannuiap
xam 6yuiatuadgurad sa Oywaragurad Oyauiid MyMKUH,

BorsaHum fary HyKTaduHI XapakaTu OOFAQHMUITE MOC pasuil-
na coaup Oynap skau, Oymlaf nykrara uHucGaran GOrJanumIap
COHMHUHI Y4yTaZaH OpPTHK OY.uiuik MaBHOTA 3ra 3Mac.

AfiTuaraunapra mMoc pasumia COFJAHKINAAD TEH[JaMaJapHHH
Kyiuaariga xaaccH(pIKanusaiall MyMKHE:

1. Crauuonap O6ywaTmMafiuran, roJOHOM OOFMAHMILAAD:

flx, v, 2) =0, 1<j<3.
. Hoctanuonap 6ywarmaiaurad, roaosoM GOFaAaHWINAAP:
Hlx, 9,2, 01=0, 1<j<3.
3. Bymaraaurar ctanMoHap, roJloHOM OOFJaHuLIAAD:
filx, v, 2) <0, T</<3.
4, Bywmatazurad HOCTALHOHAD TOJOHOM OOFJAAHULLIAD:
e, y, 2 t)<0, 1</<3

5. BerosonoM crauuoHap, Gymarmaiiurad GOFJIAHHLIAAD;

(3]

filx, vo2, % 3, 2)=0 1</ <3.
6. BeroaonoM HOCTanmuoHap, Gywarmaiiauran GOFaHHWIAAP!
hix, v, 2, £ y z', =0, 173

7. Berononom crauMoHap, Gymaraauray Gorjasuiunap:
wwWw.ziyotiz.com kutubxonasi
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roi’f,'nyZ. x, ¥ 2)<0, 1</<3
8. Beroaonom Hocrauuonap, Oywarasurad OofaaHuap:

Flx, v, 2, %, 9, 2 8)<0, 1</j<3.

Boraasuwnarn MOALKH HYKTA XapakaTHHW Yprauuiins yHra
KyAuaran xywJaap karopura GoFaaHuil TabCHPHHW Gepa OJaAuTaH
peakuusa Ky9HHUM XaM Kymu0 oauw kepak. Doraaunw peaxius
Kyyd 3Ca HOMaBJAYM KaTTaJuK/AaD Karopura kupaau. Dunobapus,
OOFaHMIIAATH MOAAKA HYKTA AWHAMUKA HHUHI OUDMHUYH EKa HK-
KMHYM acocHil MacanacHHHM eYULIAA PeaKUMs KYYAADHHH aHHKAALW
€KU. YRApHK Macasany Xal KdJaHUIAa Ty3HJajarad TEeHrJjamanap-
LaH uuKapub Ttawsawl Myammocura Jnyd KeanHaAu. DBy mMyaummo
A0MMO oCoHJAMKHA xaa OyJaaBepMaliiu; YHU xan Kuauwpa Ooraa-
rhuura BHuc6arad 0ab3u yekaawgap Kabya KUaUIITa TYFPH Keaa-

an. Macanar, Gepuaral F Kkyd TabCHPHAa MOMAHH HYKTABHHF

tupop 7{x, v, 2)=0 cupr O6Vizab xapakaTuuu anuxaaipaa Jle-

KapT KOOPAMHATAJAPH CHCTEeMAacHAa sHa yuta auddeperuunan TeHr-

fnama Tysum Mymxunu. Hatwmxana typria TenrJsamara ara OyJaamus.
-—

bupox, R peaxkuns KYYMHUHT X3M MHKAODHM, XxaM HyHadumu HO-
MabAyM OY/ITaHWIAR YHHHT KOODAMEATA YKJASDHASCH NPOEKuus-
napn R, R,, R, onunnuwg xepak. Ilyura xypa soMmabaymiap
coun onruta (X, y, 2, K,, R,, R,) 6ynanu. Typrra Tenwrnamanan
OATHUTA HOMABJAYMHU BHUKAAW MYMKUH 3Mac, Arap OOFJIAHULIHK
uAeas CHMIUK CHPT ned Kapacax, peakuus Kyuud CHPTTa yTKasHJ-
raw HOpMast Oyiinva Hynammwy MabayM 6¥araHpnan Gagat yHUHT
MUKIODHHM aHdKAaul Kepak Oyaub, HOMabJAyMJap COHU Ouaad
TEHIJIaMa/iap COHHW TenrJaawaad. Bywaait macananapHy eYHWHUHF
afipum xoanapu Ouian TanHHIAMUS,

59-§. Moxauit HYKTaHHHT CHJIIHK CHPT GYyiiad
XapakaTu
' M  Moanmit  HyKTa
N\ TEHT TabCHP 3TYBYHUCH

F Gyarau akTHMB Kyuaap
Tabcupnaa Oupop cua-

aug f(x, v, 2) =0 cupr
\ 5yinab xapaxaT KUJICHH.
CHPTHHHT peaKUuHACHHH

R opxanu GearwnsiiMus

(13.5- pacm). R Gepua-
ras cHpTra Tuk #yuHana-
ou. Hykra xapaxatu-
HUHT BEKTOD KYPHHHIU-
Aarn  uaddepeHLuan
13 5- pacm, TEHTJaMacH

Of
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mr=F+R (i

KypuHHIAa O¥aaau. YHH KOODAMHATA YKJAApUra NPOEKLHsI,

mk:F"i'R.n
my =F,+ R, | (13
&=ﬂ+&|

TeHr/1aManapHuy XocHJ Kuaamus. By epma F, Fy, F,—F xyuuu
Ox, Oy, Oz xoopaunaTa yKJAapuaary npoekunsaapy, R,, R, R,

ﬁpeakuua KYUHHHMHT TPOEKUHMANAPH, YYHOHUH
- -, —+ A= —_N -
R, =Rcos(R, &), R, =Rcos(R, j), Ry=Rcos R, k). (13.32

- - - -—
Byuna i, j, #—0Ox, Oy, Oz yKnapuuur GUPJWK BeKTopaapu. R
BeKTOp [ cupTra ¥TKasuaraH sopMman Oy#aab6 #AyHaarawu yuyH
YHHHT HyHaATUPYBYM KOCHHycJaapH, auddepeHuuan reomerTpusajan
Mabaym 6yarad

or o o
— N — -\ — A
cos(R, i) = Z—f. cos(R, J) = Z—‘;. cos(R, k) = %f (13.33)

dopmynanapaan tonuaanu. by epaa

(13.33) mynocaGataapru sbTHGopra oaub, (13.31) TeHraamanapuu

- R 4/
mx=Fy+4—- =
* x+AJ ox'
. , R ¥
my=Fy-T-A—j-d—y' ]
R or
rai i |
iz Z+AJ‘ oz |

’

D
Kypunuiaa é3ub onamus. ;-‘—] = A Gesirunaw Kupuramus. A ra Jlaz-
Panxc kynadmysiucn gefunaiu. ¥ Xxo.ai1a

mi =F, 2%,
ox

m'$'=F,+Ag—;. (13.34)
mz= F,+ ‘;—Z
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xocun 6yaann. (13.34) auddepernnan TeHrAAMANED CUCTEMACH
b6oraannmoazn x000uit Ryxma xapaxamu—Jlazpanic oughpepes-
yuas mernzaamarapy neiunann. (13.34) tenrsamanap GOFAaHHLE
TeHrjamacu 6uaad GUprasukia HYKTAHUHT KHHEMaTHK XapakaT
TEeHI 1AM aDHHY BA A KYNAATYBYUHM AHUKJAALI HMKOHMHM Oepanu.
(13.34) cucrema TeHIJaMAAAPUHUHT JHT TOMOHMAATH UKKHHYH
KYILMAYBUMAdD GOFJIAHWII PeAKLUACHHUHEC MpoeKudatapuud ugo-
danafinyg, A Kyna#tyBuuHu OUACaH X0A3a 6y npOoeKkuuAgapHR
AHUKAAI MYMKHH.

60- §. Moaauft HyKTaHMHr FaauMp-6yaup CHUPT
Oyitnad xapaxatn

M MoRIM# HYKTAHUHT XapaKaTHHU 4eKkJoBYH OOFNdHUIL FAAWp-
6yaup f{x, v, 2) =0 cuprnau uGopatr 6%acun. HyxgTara rabcup
KUJIYBYM aKTHB KYUJAPHUHT TEHT TAbCHD ITYBUUCHHH, aBBaATULEK,

—

F opkanu Oenrunaéimus. BoraaHdwHUAT R peakuus Kydu 6y Xo.4-
d, MabJAyMKH, N HOpMas peakuusiaH Ba F,,m HIIKAJaHU L KYYH~
naw tamxua tonann (13.6- pacu). I—’:,,“ KYUYHHHI MHKAOpH KYyH@u-
daru udonanas Tonuaanu;

Fuow =Fuw N (13.35)

Bynaa f,,—CupTHUHT nmyajsanuwl kosdduunentu. Hyxra xapa-
KaTWHHUHT cKaasp and@epenunas TerrJjamanapu

me=Fet Net (Fua)o |
my = Fy,+ Ny +(Fuu)y [ (13.36)
mz=F,+N,-+(F,.);
kypunnwaa 6¥aasn. Miukasanum Kyuy HyKTa Te3JMIH BEKTOPH-
ra xapama-Kapiuy fAysanrasn yuyH, Oy KYYHUHI NpoeKuuarapu-
HH KyAuaargya Upoaasaw MyMKHH:
(Fum)x= Fyu X

- A =
Xeos(F o i) = —F X

—)-/\_—-
xcos(e, i)=——1F, X
><U_-_x = —Fum .X.f.
v v

Wynunraex, (Fuu)y=
F, -
= - w'yv(Fum)z=
v

Fouw * .
=—2% .2 Gynanu.
v
Hopman  peaxuusHHHr

g Ny Ny, N, npoexuusina-

192

-

—————www.ziyouz.com kutubxonasi



pu (aBBaaru naparpabae KeaTHpHAYan MYJ0Xasajarra aco-
CaH):

N o\ N8 U _ % NN
Ne = INEY _}.01' 7 A oy ay  * ar o: oz
Wyunaai kuaud, (13.36) KyfAnaars K§puBBILEA ONaau:
mx=F, +Ad—f——F';"‘ X,
0t Fuw
my =F,+ 3y i
ot Fuw
=F,+2A—-—— 2
me ++ 3

(13.35) uu 3BbTHGOPra 0JCak, HYKTAHWHT Fanup-6yaup cvpt G-
a0 XapakaTHHWHT Ky@uAarw aud pepennuan tenraamanapy XocuJ

Oy namu:
’n-t = F + }\ (0’ thﬂ'A, 'x).

v

myaf‘ +Alo’ f"”‘ ar, )

mz = Ff, +)\(a£ j_:u_wT;_Al.'z).

(13 37)

By epna woMabaymaap: x, y, Z Ba A, YJapHH aHUKAAW YUYH
(13.37) Tenrnamanapra GOFAHMID TEHrAAMacHHH Kywu6, TyprTa
Teurnavanan ubopar cucremMa Xocua KHauHaiM. By typita Tenr-
Jamajnan TyprTa HOMabAYMHH YMYMaR OAraHia TONyIl MYMKHH,
A aunKnanrasnad cysr Hopmaa peakuus N, cysrpa (13.35) ra
aCOCAH MIIKANaHUL KYYU XaM aHHKJA3HWIUH MyMKHH.

61-§. Moaaufi HYKTAHHHT CHJANHK 3rPH YH3HK
Oy#Anab Xapaxkatn

M Monaui uyKTaHMHr cuaauK 3rpu uusuy O6FAaabé xapakaTtH
wkkuta fi(x, ¥, 2) =0 Ba f(x, v, 2) =0 CHAIMK CHPTIAPHUHT
Kecuirag wnsury Oyiaad xapakarian wubopar nel TacaBByp KH-

—

-
JuHanu, By cupraapHunr peakuussapuns R, Ba K, opkaan Gena-
-—

rasafdank. Y Xonga 3rpH  YRSHKHHHT peakuusch R =R, -+ R,
6yaanu. Modan#t HyKTara TabCHP KHAYBYH aKTHB Kydaapuuur

—_
TEHI TabCHP 3TyBukcu F Gyucud. Boraannmparu nyxranunr [le-
KapT KOOpAMHATAJAap CcHCTeMmacura Huc6GaraH xapakartu, Audpe-
PeHlHaa TeHr/JaMa/JapH Kyinaaruua Gyaanu:

mx = Fy+ Rix + Ryy,
my = Fy+ Riy + Ray. ( 3.28)
mz = F,+R,;+ R,,.
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R,8a R, peaxuusaap Moc paeuwina f, sa f, cupraapra nepne-
Aukyasp Oyarauun yuyH 59- naparpadaa kypuaranu xaSu yaap-
HUHT npoexuumapn

I(l;= Rl * Rly df' R‘ d,.; l

XE * —— e s

Af, gy’ "% Af oz
Ru Ry 91, p =R2 9fs n Eg.a_f‘l

= gy — e ——— o, =

=2, 77 .
af,  ay’ Afy 0z

(13.39)

Af, ox

TeHTMKAap Ounan ubonanananu. Byuna

o T 3 e/ T T

£=). Xamia %:k, Gearunamnap kuputud, (13.38) Hu Kyiu-

Ay, f2
jgarvuyqa €3amu3s;

of,

mx=F, 4\t 1,'”'

i
my=Ff+Aw“+kwi! (13.40)

‘- of, 13
mz—F:-f-)\,dz -}-k, o ,]
By tenraamanap nyxmanunez cusauy depu wusuy Oyirab xapa-
Kamurnune oudgepenyuar menezaramarapuoup. bBepuaran akTus
Kyuaapra xypa TOmWAMWK J03uUM O6VJaraH HoMabaymaap X, y, <,
A, Ba A, napaup. By OewTa HoMabaymuu Tomuuw yuyH (13.40),
TEHIAaMaxap KaTopura MKKdTa GOFJaHHMILIAP TEHr AaMaJapuHu K-
iwn6 0aub, 5 Ta TeHraama GuUpraiukina eduaanu. A, BA A; Kynaii-
TYBUWJAp AHUKJAHTAHOA4 CYHr }, xampaa f, CHPT/Iap peakuusaa.
PUHHHT  mpoekuusanapun Ry,, Ry, R,, Ba Ry, Ry, Ry, (13.39)
MmyHocabaT/apaad TONUJAanH.

Srpu uuauKau GOFJaHM CUJIJHK XaMla KysraaMmac (CTauuo-

Hap) Oy/aca, HyKTa XapakaTHHU aHUKJAAUW Y9yH YHHUHT Tabuuil

¥
13.7- pacm. 13.8- pacm.
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KOOpAMHATANAD CHcTeMacuaary auddepeniinan TeHrnavMalapnaan
¢dovinanann Kyaal. Hykgrara TabCup KHAYBUH KYUJAapHHHT TEHr

— —
TabCHP 3TYBUKCH [ Oyacun. CuAAHK UYM3UKHHHT peakuwsacunn R
necax, y nb texkucaukna €ragm (13.7- pacm). BunoGapmn, wnyxra
XapakaTUHUHT Audpepenuuan TeHIIaManapH

ms=F_ m &’--_-F LR, 0=F,+R,  (13.41)

KYpUHHIWI A E3uAanu. (13.41) — MOO0OLIL HYKMAHUHZ CUALUK I2pu
yu3uk 0yiaral xapaxamunune mabuull rkoopdunamaaap cucme-
Mmacuoazu ougpgepenyuan menzaamasapuoup. By cucTeManunr
aXONnOAUIM WIYHAAKY, YHUHT OUPHHUYH TEHrJIAMACHTA HOMABAYM
peaxuus Kyus Kupmaiau, 6uHobapuH, YHAAH HYKTAHWHT Oepuaran
Tpaekropus 6yiiiab Oynanurau xapaKaTan 6eBOCUTa AHUKJAI

MYMKHH., DOPJAQHNII DEAKUMACHRHHT R,, TAWKUA aTquHCH (13.41)

CUCTEMAHKHI YUHHYH TeHrJaMacuAAH aAHuKJAadany. A’,, TAWKHA
3TYBYHHK TOMMI y4yH (13.41) uKKUHYY TEHTAaMACHHHHT uan TO-
MOHWra HYKTa XapakaTH TeHrJAaMacu §=S5(f) HUHF XOCHIACHHN
Ba OOFNBHHLWIHUHT p 3TPHAMK PALHYCHHH Kvsmus. By srpuauk pa-
anycu GoFsaHuil TeHramacunad anddepeHiinan reoMeTpnsa ycya-
JAapu OuaaH anuK/IaHaLH.

38-macana. Maccacu m Oyaran M nyxra (13.8- pacMm) sepru-
Ka/# TEeKWCAUKAA XKOfN3Iray r paanyCcan CHAIMK ailjana 6yiaab

P orupauk Kyuu TabCcHpuaa Xapaxatnanaaw. M Hygra xapakatu-
Huur auddepenuyan Tedraamanapn Jexapr sa Tabumil KOOpAUHHA-
TaJdap CHCTeMACHAa TY3UACHH,

Eunur. Apnana Mapkasunu (O Hyxranu) Jexapr xoopiaunaTanap
TemacuHuHr Gomu cudatuna oaud, Ox Ba Oy Ykaapnn ahaana
TEKHCAUTHAA pacmpardiex #Aysaarupamus, OFHPAHK KYYHHHAT
npoexnusanapu P, =0, P, = mg sxaniurunu nasapaa Ty 6, (13.40)
TeHTIAMaKAPH U Tysamus-

mix =A"-’, my = mg+x~ )

BoraauuumiHuur TeHrIaMacu

flx, ) =x"+ 3"~ r*=0
. af or
Gyaraun yuyH = 2x, — =2y Ba (1) cucrema

mx=22x, my=mg - 2.y
Kypunuwra Kesanu. By TeHrnamanap Gornauumr Tesraamacu Guaan
Gupranukina euuaul, x, y, A HOMABLAYMAAD AHUKJIAHAAH. X BA ¥

HYKTaHUHT XapaKar TedArnamMacuuu udopaanaca, A xynafitysau Gor-
JAHUWHKEL DeaKuMACHHu Oearuaainu, 6HHOOapuH:

S e

I
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Ounu HyKTasuHr auddepesunas TeHrAaMacunu 1aGumi KOOp-
AuHatasap cucremacura HUCOaTaH aHugaaiMus. Tabuui YKJAapHHHT
Wynanvwiapu xam 13.8 pacmaa kypcaruaran. ¥Ypunma YKHUHE
MycOaT fyHaAHINM ¢ MapKasuil OypYaKHHMAr YCuULl AYHAAMLWIHKIA

Moc, 6ol HOpMaab 3ca afiaawa Mapxasura kapal HyHaaras. P
OFHPJUK KYUMHHHr Oy ¥xaapaaru npoekuusaapu: P_—mg cos e,
P, =—mgsin¢. Alaana cuany 6yaranu VUYH YHHHT DeaKUuUsaACH

R Gow HopMaar 6yhaa6 ffuanrad. Y xoama M HYyKTa xapaka-

‘THHRHT TaOUMA KOOpAWHATaAapAard Au(pdepeniual TenraaMmanapu
sKy#hnnarnua 6yJaanu:

ms—mgeosg, i:—s" =-—mgsing 4+ R. (2)

Arap O’ opxaan M HyKTaHuHr OOWAaHFHY nafTaa TPaeKTo-
pusija sraajaral BasHATHUHH Oearujacax, y xoJaaa (2) aaru $ Hu
O’'M &t xoopaunatacu Aeb6 xapam kepax. bynaa § =r-.¢ agananuru
9bTUbopra oauHca, (2) HUHT OUPUHYU TEHr/aMacH

¢=Lcosg
r

«YPUHMIITA KeJTHPHAHIMY MyMKkHH, OXMPru TeHrJaManu euuod, ¢
6ypuakiu BayT { HuHC QydHrkuMAcH cuQaTHAa AHUKAAN MYMKHH.
By sca M xanxa xapakarMHUHT TeHrJamacu OyJaanau. (2) HHHT
WKKMHYY TeHIJaMacuAaH p=7r, S=r - ¢ DKAHAUTHHUK HasapAa Ty-

—

™6 R peakuusiny aHUKJAOBUH

R =mg sin¢ 4 mr + ¢?
MyHOCA0aT XOCUN KHAMHAAH,

62-§. Moaamit HykKTa yuyd JaaamOep NmpuHUWDH

OpKkuH 6§/MaraH HyKTa AMHAMUKACHHUHI OMPUHYHM BA WKKHHYM
MacananapuHy XaJd KHJAMIIAA KYpub yukuaran ycyasap CuJad 6up
KAaTOpAA KUHemOCMAmUKa YCyAu XaM MyXuM xHucobGjanaiu. Afi-
HUKCA, aKTUB KY4/ap Ba HYKTAHHHI XapaxkaTAaHuil KOHyHW Gepu-
JAub, GOF/IAHMILHUHT peaKuuACHHU 2HUKAAW Tanab KuauHraHua Oy
yeya xkyna kyaalh 6yaagu. (13.30) tenrnamann xyfunaru Kypu-
HULIAA €3aMu3:

F4R + (—mw) = 0. (13.42)
®=—mw (13.43)

Gearunam kupurcak, (13.42)
F4+R4T=0 (13.44)

KYpuHuLIEK oNanu., Mukdop xcuxamoan mo00ul HYKMA MACCACH
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OUNTIH ME3NAHUUIUHIHL ic)maz“tmuacuza-
mere, ﬁyna/mmu A Uy me3raruil cex-

—

mopuza Kapama-gapwu GLyraaszan @
texmop uHepyus Kyiu deiunaadu.

(13.44) Tedrniama Oup HYKTara Kynui-
réd  Kydaap CACTEMACHHHUHT MYBO3aHAT
wapTuy scaataan. Kydaapuuur MyBosasar
wapTi Kypunuwuaa udonanauran (13.44)
MyHOCa0aT aciuaa MOALUN HYKTA Xapaka-
TUHUHT Au@depeHunan TEHrNAMacHAUP. 13.9- pacm.
bupox yura Kyiuparnya MawHo OGepuud
MYMKUH: MOOOUIL HYKMAza Mascup SMYysLl AKMUE Ky4 8a GOF-
AQHUUL  PeaKyils Ky4nw Xap OHOQ wy HYKMAQ uxepyus kyiu Ou-
aan  mysosanamaawadw (13.9- pacm). Modcuik Hyxma y4yH
Hanrambep npungunu ana wysjian uéopar.

[anambep npuHuunud épaaMuaa xapakaT MacajacH MyBO3aHAaT
Maca/nacdra KeaTHpUAHO Xa/J KUAHHTaHM Y4yH Oy mpuHIUn Onjad
IMHAMUKAHHHT AaCOCMH MacananapuHM €uHll YCyJau KUHemocmas
muk ycya JneAnJaiu,

(13.43) uu swtubopra oaub, (13.44) wu IHexapt xKoopauuara
yKaapura npoekuuanacag, Oy BEKTOD KYPHHUIIAACW TeHraama
Kyfugaru ckaJasip TeHrJaaMmanap Ouiad aaMmaiuaiu;

Fx-{-Rx—ln;:O,
F,-l—R,—m)?:O, (13 45)
F,+R,—mz=0.

Arap HyKTa 3rpu 4M3MK/JH Xapaxkataa Gy/Cca, YHUHT Te3JaHMIIH
ypuHMa Ba HOpMAaJA Te3/JaHULIIAPHUHI HAHFHHAKCUISH ubopart:

—

w=1, 4 w,, LWyAusr yuys mMoaanfi HYKTa HHepLMS KYy4UHU XaM
ypHHMA BAa HOPMaJ uHepUMA KYUJApHAAH TALIKUA TONaAH Aelu-
IIHMH3 MYyMKHH;

=D 4 0, 113.46)
6yuna ® =—mw, $,=—mw, 6yInb, ypHHMa Ba HOpMa.
Te3/JJaHuII/AaD MUKLODUHH anHyJalml Qopmyaasapura Kypa uHeps-
LWl  KYYWHUHT TaWKuJA 3TYBUMAADH MUKAODJADHHH KyhAuaaru
(opMynanap 6uaaH aHUKIAAMHS:

O =mw, = mo, D, = mw, = — v, (13.47)
p

(13.47) ndponana p Guaad HYKTa XaPaKaTH TPAEKTOPUACUHHHL Brpu-
JUK  paauycu Gearuaadrad. (13.46) Ba (13.47) Hu 3abTHOODrA
0446, (13.44) uu Tabuuii KOOpPAHHATA YKJ&PHUra MPOEKINAAas,
Hanambep npusuunuuunr Tabumit KOOpAHHATAaJap CHCTEMAcHra
HUCOaTaH MpOAATAHHIIHHE XOCHA KHAAMHU3;
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F,+ R —mv=0,

Fot R —m®=0, ! (13 48)
14

Fb+Rb=0- ‘

39- macana. Maccacu m Gyaran M 1ok B yurup épramuna ro-
PUSOHT Ousiar a OypuaK TalKWA 3TYBUYM Kufd Tekucauk O6yisab
kytapuaaau (13.10- pacm). Yurup GapaGanauuur paauycu £ ra

TeHr O6Vaub, y ¢= %al” (£ — cekyHnaa, ¢ — paauanja y14aHanu,

@ — ysrapmac) KouyH 6yiinua ailianand. IOk Guaad KU TEKHCAWK
opacuiard uKajlanuin xos@puuuentunu f aeb6 oaud, ok 6oF-
JIAHTAH CUMJAard TAPAaHIVIMK KYYM aHMKJAHCHH.

Eunmi. M roxnu mMonanii Hyx1a ne6 Kspal, YHUHT KUf TEKHC-
AvK OViAna6 xapakaTHHU TEKlIMPaMu3. M HYKTATA OFHPAUK Ky4H-

-

-
G=mg, g YHUHT KMSl TEKHCJAHK OUIaH HIIKAAAHULIUAAH XOCH 6.1~

-

-
ras F,, Kyd, KHf TEKUCAUKHUHI HODMaJ peaKkuus Kydu /N Tab-
cup ataau. IOk Gornamran WNHW KUPKHO UMFUPHMHT YHra Geprad

Tabcupubu / peakuus kyun Owaan aiamawmrtupamus. Cumpaara Ta-
Panrank Kyuu 7' peakuus Kyuura MHKAOP XMXaTAaH TEHT Ba yH-
ra Kapama-Kapmu fiyHaarad. By kyuaap karopura M HyKra Tes-
JIGHUWIKMIa Kapama- Kapiu #fyuaarad, Muknopy O =mw 6yaras
uHepuua Kyaunu Kywamus. ¥ xoaaa (13.4%4) udona kyfinaaruua
Ty3UJ8AH:

T4 NG Foy+-® =0,
By teuraukdu X Ba y Yxaapra npoexuusiiaimuz;
I'—F,,—mgsina —mw=0, (1)
N—mgcosa=0. (2)

(2) Tenrnamanan: N=mgcosa. F,, =7 -N=mgfcosa 6yauuuHu
apTubopra oanb, (1) Aan 7 Hu aHHK AW MyMKAH:

1= mg(sina-+ fcosa) 4 mw.
(3)

Macasauuer  TyJaa  eunanlIu
yuyH (3) Jaru @ HU TONHUII Ke-
pak. Bywunr yuyn M nyxra
re3siaHu Ky yurFup 6apabaun rap-
Autnaary L HyKTaHUHT ypruHMa
TesJauuuIura Tenr 6yJuminaan
doitnanauaMns:

w:wlj_—;s-rz.cpr:ar_

Byuu (3) ra ky#n6, nniaru Ta-
13.10- pacw. PAHTJHK KYYHHW aHHKNAAMU3:
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T=mg\/sina-i—fcosa-{—§).

40- macara. Orupaypru P
6yarad  4ad4FUYH TenaJHKAaH
tymaétu6 HAYJIHHHT nacTku A

-
HYKTackuaa v, Te3/JuKKa 3puila-
Au Ba aHa paauycu OC =r 6ya-
raH ainana épin Oyiaab xapa- 13.11-pacw.

karaapaau (13.11- pacm). AO

Beprukal Ousan OM opacurarua Oypyak ¢ Oy/rauia, 4aHrudd-

o

HUHT Te3aurn U=} v, —2¢r(l —cosp) ra Ttedr. UYanruuuuu
MOAAMIA HyKTa nel Kapal, MUIIKAAaHUII BA KAPLWIHAHMK KYYJapUHHU
xucobra oamMail, uanrnuyuunur AC ydactkaza Kopra feprau 6ocuMm

Ky4d BHHKAAHCUH.
Euyumi. Yauruuu 6uaad 6upra Kysraaysun tMn tabuuii xoop-
OUHATA CUCTEeMacHHH YTKa3aMu3. YaHFuuura Y3uuuHr OFHUPAUK

Kyuun P, KopuuHr HopmaJ peakuusd Kyuu N rtawvcup uaagu. N
kyu AC i1 M uygracuHuHr pasuycH G6yiAaaé O Mapkas TOMOH

-

fiynanafu, M HyKrara yHUHT @, Bd ®, Te3NdHUUIJAPUra MOC pa=

- -— — -
BUWIAA Kapama-gapud dynairad ®,= —mw,, P = —mw,_ anepuus
Kyunapuuu Ky#ino, [danambep npuHuMnuHg é3amus:
- .,, — —
P+N+d, 4+ =0. (1)
AC yqacTkanaru xapakart cexdunanysuyad OYauun Kepak, wy-

-
HHUAT y4yH W, BEKTOP I ra TecKapy HYHaATHPHJIAA.
—
(1) un 7 Gowr HOpMaJab OUPAHK BEKTOpPH HYHAIAUIMLA MPOLK-
LuAaNaiMu3s:
—Pcoso +N—P,=0.

¢ P 2
Bynna &, = mt=2.%2 Oy MWyHY HA3apa TyTuG, N Hu aHukg-
p 4 r
JJAUMU3;
F v
N=Pcosg+ b, =Pcosg++ — - —. (2)
g r

Macana wapruaa Gepuirad v = ]/71; — (2gr 1 —cos ¢) Hu (2)
ra KysMus:

- 2 _ .
vy —28r (1l —coso)
N=P|cosy+ A" 2.
. gr
Cynru udonanan «ypunus TYpUOAUKH, HOPMAJa peakuusd Ky4
¢=0 xa (cosO0=1) aur xarra KuiiMarra apuwWAaLu;
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9 e % F ow T 4 N -—P(l-{—v{')

Dl may T X gr e

YanruuuHUHI Kopra Eepran 60cum

Kyuy MHKIOp *uxaTaan N ra Tedr

14.1- pacm. 6yaub, yura gapama-gapinu HyHa-
Jann.

XIV 606, MOJ/JIWI HYKTAHUHI TEBPAHMA XAPAKATH

63-§. Moanuii HyKTAHHHI 3PKHH ieGpAHMa XapaKaTth

Kynnaauk typMmymmmusna rteGpamva xapakar Kyn yupad Ty-
paanu. by GoGaa kawaaft Kyunap Tabcupuna TeGpaHma Xapakat
py# Gepuwitunu, TeGpanma XapakaT TyDAAPHHHU BA yJapHUHT Xa-
pPakarT KOHYHJApUHU aHWKAAW YCTUAE WYFYJAAaHaMq3.

Maccacn m  6Yaran M wonnuit uykta xadmapysiu kyt 1e6
atanyBuu Ba F,= —cx KOHYHMAT OyiiM4a QHHKJASHYBUH KydY Tab-
cupuaa Ox ¥ 6yinalb TYFpU uusnkan xapawat kuaanu (14.1-pacum),
6ynna ¢ — yarapmac ko3huiMeHT (KalTapyBuu Kydla npyxuHa-
HUHAT 3JaCTUKJAKK Kyuu Mucoa 6yaa oaanu).

Bownanruy naiirma momawit wygra M, xosnataa 6yaud, X,
Koopaunartara Ba v, 00IJAHFUY TE3AMKKA 3ra AelanK. Abun Ky-
Auary OClUAauFAY miapraap Gepuira:

t=0, x=ux, v="1, (14.1)
By uykra xapakaT KOHYHWHM auukaaiimMus, ByHHHT yuyn MOLAMHA
nHygranuur Ox yK Oyiaab T§rpu uusugau xapakatun auddepen-
LuHaJl TeHrJaaMmacHHu Ty3aMmu3: mX= —cxX. bynia
k=X (14.2)
mn

Gearunaul kuputcak, Aud pepeniiMan Tewrnama KyHRULArd Kypu-
HUW AR €3uJaRH:

X 4 kix =0. (14 3)

(14.3) y3rapmac ko3dduunenTan, HKKUHUH TapTHOAN GUP HKHHC-
Ay puddepennnas Tenraamanad HGopat. YHU XapakTepucTHKanap
ycyau 6uaan eyamus. (14.3) pUHT euHMUHH

x=Ce" (14 4)

KypuHumaa usaafimus; 6ynna C sa [ aHugaanwwiid kepak Oyarau
utonanap. (14.4) nm (14.3) ra xyiuo, (¢ + £* =0 xapaxkTepHCiInK
TeHT/IaMaHU XOCHJA KHu/JaMmus. By XapakTepPHCTHK TEHT/IAaMa euuM-
aapu [, , = +ki maBxyM couaap 6ynaau. Bunobapun, (14.3) Hunr
YMyMuli equMu

x=Ce"t Ce ™ (14.5)
6Ynanu, dDiisep ¢opMmyJaacura Kypa
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et =coskt y-isinkt, e~ = cos kt —isin kt

6yaranu yuyH (14.5) nu
x = (C,+ Cy)coskt + (C, — Cy) isin kt

KypuHHWaa €3uw Mymxun. By tenraamana
Ci+C,=A, (C,—=C,)-i=8
6earnaam KUpUTHO, KyfAnnary Kypusdinga €3aMus:
x=Acoskt i- Bsin ke, (14.6)
(14.6) Tenrnama (14 3) auddepenunan TEHITAMAHHHT yYMYMU]
euyumuanp. (14.6) aary uuTerpan Aoumwiiaapn A sa B uu (14.1)

foulAaHFUY  wwapraapaad  Gpofiaananud anugiafimnz. (14.6) nan
BaKkt Oyfivua Oupunyu Tapiubav Xocuaa xucobaalimus:

v =x=—Aksinkt+ Bkcoskt.

By udonara sa (14.6) ra (14.1) Hu Kydamus:
Xo=Acos0+ Bsin0, v,=— Aksin0-+ Bk cosO.

T'a

By cucremanan A =x, B= - (14.7)

xocua Oynanu (14.7) un (14.6) ra x¥iins, HyKTaHUHT KMHEMATHK
XapaxkaT KOHYHHHM XOCHJ KHAAMU3:

X = x,co8 kt 4 ‘%sinkt. (14.8)

Kocuuyc Ba cuHyC QYHKUHANADHHUHT GUPHAH WKKHHUUCH OPKaJu
upoaanaw Ba (14 8) Hu COANAPOK KYyPUHHLITE KEATHPUIN MYMK®H,
Byuunr yuyuw A Ba B ysrapmacaap ypuura d, « ysrapmacaap
Kaby/a KuaaMus:

A=asina, B=acosa (14.9)

(14.9) sa (14.7) uu Guprainkiaa eudcax,

a /f:"‘ % ol 14.10
SAREE T
xocua Oynann. (14.6) aca a, a y3rapuaciap opkaiu Kyiuaaruua
udopasasaiu:
X =a (cos k¢sina +sin Rt -cos )
€xu
X =asin (#f + «). (14.11)

Wynnah kuaub, kaliTapysyu Ky4 TabCUPUAACH MOAAMN HYKTAHHHD
xapakatu (14.8) éxu (14.11) TeHrsnamanap GuaaH udpoaasaHaLH.
(14.11) naru @ Ba « (14.10) rtedrsamanapapan TOnuaanu. (14.11)
Aan Kypuuud Typubauku, 5- § fAa TacBMpJAHTaH xapakar MOAANHA
HYKTAaHWHT 3DKUH Tebpanma xapakatuaad ubopar skau., Hlynnar
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& 8 yuyd (14.3) udona spxun mebpanma xa-

'“j'*‘ 4 parkamuunz Julepenynar menzaaMacy,
= (14.8) éxu (14 11} sprun mebpanma Xxapa-
. Kam KOHyHL Aefiuaany. IDpxud Tebpanma
7 xapaxat rpapuru 1.18-pacMana Kypcatuarau
2 s3au. (14.10) renramknap Oyiinga adugna-
e o HYBYM @ Ba o MOC [aBuilla, 3pKUH medpa-
e HUWE GMnALmyYJacy Ba 3PKUH  1meOpaHiLil-
HILHZ Oowaarrud ¢pasacu neduaasn, Mab-

5; JYMKHN, 95DKUH Te6paHull NaBpH

T='i:=2:|y/i;i (14.12)

thopMyna OH.aaH aHWKJAAHALM.
14.2- pacm.

41- macana. Duxupauru ¢ =98 Ll 6y.sran
M

NpYXXUHATA OCWIram, MYBO3AHAT X04aTHAA TYPYBUH M= 2 KI
Maccaan D ok katopura maccacu m,=08 kr 6yarau E 1ok yaa-
Hagu (14.2- pacm). D Ba E oKknap cuCTeMaCHHUHT TeOpaHUIWIIAPH
Ba Te0panuw Aaspu anugaaucui. Koopaurata Gowu D Ba £ k-
JAPHUHT CTATUK MYBO38HAT XOJ4THAA OJMHCUH,

Eunw. Tlpyxunanuur D 10K TasCHpUary craruk fegpopma-

wuschnn 8y, £ 10K TabCUpuiaru CTaTHK 1eOpPMALMACHHH 3, OH-

aas Cenrunafimus. Tpyxuna 35 + 8, nedopmauus onraspa D Ba
E 1oxiap OFUpARKIADH TIPYKUHAHUHT 3JACTHKJAMK KYud OuJIaH My-
BO3axaT/MaWaan. AHAa WYy X0JAaT CMamuax MY8030HAM X0AAM
nefinanu, D Ba F wknap cucremacuun 6utra M uykta ne6 ka-

—

pacak, yura 1oK/JapHUAr OFMpauK kyunapu U, G, Ba npyxuua-

HHKD 9MACTHKAMK KyuW I Tabcup sraad. Mxtuépuéi BakT yuyH
npyxuna fedopmaunsicudd 8 Ouaan Oearnaaimus. ¥ xonga [yk
KOHYHUra xypa F =c-8 6ynanu.

Koopaunata Gownnn M wyktauuwur O CTaTHK MYBO3aHaT XO-
aatuna oaud, OX yyuu xapakart fyHaauwu OGyfinda yTKaszamus,
Y xoaja OowAanFuu mapriap Ky#huanaruua Oysnanu:

t=0, x=x,=—8, v="1,=0. (1)

M nyxta TYFpH YH3MKJAM XapakaTHHUHT Anddepenunas TeHrJaa-
MaCuHu Ty3anua:

(IIZD+mE(35=G,,+GE——F. (2)

~CT

* T arT
Pacwuan: b =2 4+ 3 + x; wynunr yuys F =¢ (3, + 8 + x). By-
24 {2) ra xysaves:

(i, m)x =Gy + Gg— by — ¥ — cx. (3)

~ T
M wygremuur craTik MyBo3aHar xoaatupa U, -+ Ggp — b, —
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b, =0 Oyaranu yuyn (3) Tenriama KyHMAArW KYPHHULIHM
oJ1aH:

(my 4 mg)x = —cx. (4)

= (5)
my+ mg

feArnianl KMPUTAMHU3; ¥ Xo04Aa (4) Tenrdama Kyfinaaruya 6§aanu;
X - R2x =0, (6)

By apkun tebpanma xapaxatduur Audpepeduman TeHraaMacHAHp.

[lyaunr yuyd (6) guur equmd (14 8) 6uaad agugIadaiu:

x=x0coskt+‘-;‘lsinkt. (7)

duau R, x, HU XucobaafiMus,

(D) nau: k= - B 592
. —-‘/’”04‘”15 2408 )

o

T .
¢ -8 =G, waptnan:

U, =0 uu 3bTuGopra oaub, tonuaraum £ sa X, Kuiimataapuuu (7)
ra Kyamua:

x~-—0,08 c0s5,92¢ m. (8
(8) nn (14.11) eummpman doiipananué xam Kearupub unHKapuul

MymkHH. Dyanur yuyr assaa (14.10) teHraukaapmas a4 Ba o HHU
aHuKaafimus:

/—?

v
a=l/ x4 1=0,08 m; <z=arctg@=arctgoo,
] '3 U
. 3z
sinea=—1, a="—,
2

Y xonna (14.11) xyhunarnua 6yaanu:
x= 1 sin (kt + o) = 0,08 sin [5,92¢ +‘12f)= —0,08¢05 5,927 w.
Ouau teGpanuw Aaspuu (14.12) Qopmynaa OuMaan anugAaNMH3:
=2A—'Rz 1,06 c.

64- §. MyxuT Kapiuuidg Ky4d TabCHPULATH
MOAAUA HyKTaHHHF 9pKHdA TeOpahMa Xapaka.M

Maccacu m 6yaran, Ox yx 6yitna6 xapawatianysun M mon-
Ad@ HyKTara £, =—cX KaHTapyBuH Kyud[aH TallKapu wy Hyxra

—-
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0 MM EF % m3 s Te3IMIUra nponopuuonan sa teF-

l°] JHK  BeKTODHMra  Kapama-KapLliu
‘ X filyHanran MyXHTHHHT KapuauK

—

KyuH R 1abCUD KHICHH, SBHH

14.3- pacu. - -
R=—pov

—p
6yHla ¥ — HYKTAHUHT Te3JUMH, i — MYXUTHHHT (U3HK XYCYCHAT-
Jaapura 6oraug Oyaran koddg@uuneHT. BowaanFuu nadTaa X=X,
V=7, 1e6 o0AnG, M HyKTaHMHT XapaxaThnu anugaafimus (14.3-
pacM). Monan#t HyKTa XapakaTHHUHT AdddepeHuLran TeHrAaMacu-
HY Ty3aMus:

MX = — X — (X,

= k2, Rl gearuaauinap kuputu®, 6y TeEHrJaaMaHu
m

Sle

X 426X Ex =0 (14.13)

Kypununa &3amus. By Tenrsnama 6Hp HKMHCAH, WKKWHUW TapTHO-

an 1uddepeniuan TeHraaMaaup. YHUHT ednMH XaMm X = Ce” ky-
pYHUUIAA u3naHanu. Mananaérran euyumuu (14.13) ra xy#ub no-
MabayM kodbhdunuent / ra Hucbara

[P 200+ k=0
XapaKTEPUCTHUK TEHTrJaaMa ZOCHJ KuJauHaau. Yuuur eunmu
L,=—b+Vb*—F* (14.14)

6ynanu. ¥ xo.ana (14.13) nunr ymymui eunmu
x=C,e" 4 Ce™ (14 15)

6yaanu. (14.14) udonanaru b sa k£ HuHr Mugaopaapura Kkapao
(14.15) eunm Typau Kypusumaa Oyauiid MyMmkuH. Bynpa gyiéu-
IarM y4 XOJHH anOXHAA-a/J0xuia Kapa® unKaMmu3:

1) &<k — KuunKk Kapwuadk/aiap xoau Aefuaaln;

2) b > K — katTa Kapuuaukaap X0.au;

3) b=k — TeHr KapWUJKKJIAD XOJH.

1. b <k 6yacun. Kuckaauk yuyn V k2 — b® =k, Gearunam ku-
putamu3. By X044a XapakTepuCTUK TEHIJAaMaHWHF [, Ba [, WALU3-
JapH MaBXyM Cotaap 6§aapu, uyHonuu [, , = —b LIk, (14.15)
ra acocaH yMyMu# edmM

~b4it b1k -0 tht ikt
X = C,g M L Cpe -0 = = (™ + Ce™™)
6ynann. Kasc mumnaru udonanu aBBaaru naparpagaaru xabu wa

yaraprupub, Kyiuaaru KypaHUIApAaH OuUPHIa KeaTHpull MyM-
KHH:

204

www.ziyouz.com kutubxonasi



x=e""" (A cosk t + B,sink,1) (14 16)
KU
x=¢" a, sin(kt+a) (14.17)

ynia A, Ba B. éxu a, Baa, y3rapmacaap OOUIAHFHY HIApTAAp-
L4H aHuKJAaHanu. Yaapuu anuxaaw yuyH (14.16) éxu (14.17) udo-
4874pra xamaa yJaapHUHr BakT OyfAnga OMpuHUH TapTub/u XOCH-
aaaapura £ =0, x = vy, V=0, Hu Kyamn3. Hartuxana Kyhunarunap
X0cua OyJaanu.

_ . vy 4 bxg
A=, Bi= -2t (14.18)

8Ku

— 2 (Up + blo)z — Xo l/kz — b
o l/x°+——k2~b’ L tga, =T (1419)

lyunai guiub, KUUMK KapUIHAMKASP XOJHNA KalTapyBuH Ba
MYXUTHHHT KapUUWJIHK KYYd TabCHPHAArd MOLAWN HYKTaHWHL Xa-
pakaru (14.16) éxu (14.17) tenrnama Ounan ubosanaunG, 6y
TeHrsnaManapnaru uHterpa’s Yysrapmacaapu (14.18) éxu (14.19)
dbopmysnanapial aHUKJAAHALH,

(14.17) man Kypamu3KH, MORLAHA HYKTaHMUHr TekWHpuaaérran
xapaxkaTtu naspuii TefpanMa xapakaTAaH ubopaT 3kaH. Jlexkun
(14.17) Tenrnamanaru e-°* x¥nadtyBun Tydaiau Oy teGpanma xa-
paxar CeKWH-acTa CyHyBud OYsaanau. DysHnaaru TtebGpaHulniap amim-
JAUTyJacu BaxkT YTHWH 641/aH KHCKAapuO HoJra HHTHAHG OGopanu.
CyuyBun TeOpaHuwaapHuHr Tpaduru 14.4-pacmpa KkypcaTuiras.
Cyuysqu TefpaHMa xapakaTia HYKTa Y3WHHHI aBBail'l XO0JAaTHra
Oytynaait kaiitmaiau. llynudar yuyn cynysun TeGpanumusiap NaB-
PMHM WwapTad paBuwaa kuputnd, yHu T, 6uaad Gearunab, Kyiu-
JAArvuHu TOMAaMHK3:

T o= (14.20)

éKun
2= x
— A
I\\/‘l =ae l‘

= Vl — (b/k)g D’Jwa N
b\21-1 r
= T . | 1 — (;) ] 1, \\

Oynaa T—MyXUTHUHT KapUnIHe Um /\u/},\\;?‘t
\L
v

ru 6ysamaraHnaru 3pkun Tedpa-

HULAADHUHT AaBpH. YPTa KaBC
wyuparun wudoaand HeoToH Ou-

HOMHUra éaMu3 Ba bk KaHAU~ l _”
THHU 9BTHGOPra oaub, éfiuamana Are-ae’
nactnabky WKKH  Xaza OuJaH

qerapasaHamu3s: 14.4- pacu,
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/
L=T(1+ 55 ]
2 w)
fllyunafi KuauG, MyXUTHHHT KaPUWIHIHTK TABCHD 3TraHAa TeGpaHu(i
AaBpY KapHIMAWK TabCHD 3TMAran X0Jra Kaparania KarTa 63’1114[)
3KaH.

Te6panumaap aMOUTYAACHHUHT KaMafuul KOHYHUHU TONHd-
JIUK. ¢, madTha MyBO33aHAT XO/AaTA&H 3HT KATTA OFHIIHM X, GUIdH,
X, OpKaau 3ca &, + 7, BaKTra MOC Ke/JyBuW OFULIHW GearnJdi-
Ak, ¥ xoana

x, = e-thq,
8a
x2 = e’b"|+rl) . al = bll . xi'
YMyman,
Xnn=e""Ti. x,
6Faanyu. [ynnap gunud, TeGpanumaap aMuauTynacH TeOMETPHK

nuporpeccus KOHyHu OunaH kamasap sxan By reomeTpuk nporpec-
CHA Maxpaxu ¢ =e~°"v cynuw Oexpemenmu neitunany.

D=|lne=T|=bT, (14.21)

ra 202apuMUK Oexpemenm fefunaiu,

2. b>k — ramma wapwururkaap xosuza yramus. By xonna
XaPaKTePUCTHK TEHMVIAMAHUNT uaausaapu [,=—b+ V b* —k* Ba
g=—b—VbT—p XaKuKuil, b >V b* — k* Oyaranu yuyu [,
Ba [, mauduit connap. By xonga (14.13) Tenriamanunr ymymuil
equMH

x = e~U(C,e"T=d 1 L Cpe-VF=Ft) (14.22)

6yaanu. C, Ba C, y3rapMac counap GOUJIAHEMY WAPTAADAAH TO-
nuiagu. Arap

= —p . e— bt (C'e‘/b'——-;’ t + Cze_}/bl—_klt) +
4o~ W (C,e" Rt — CpeV P-F1t)

dbonauu wasapaa TyTuG, 60waanruy waptaap: f=0 j1a x=x,
v = vy AaH dohnanancak, C, sa C, HK aHNKJIOBUM Ky#uaard ndo-
JaH¥ XOCHA KH/NAMH3:

Vot % (6 4+ V b2—& C, - V0t %0 (b —V =kt
- - g = —_

2V b3 ’ 21 b=kt

(14.22) 6unan anukaanysuu xapakar Jnaspuii 6yamaiad, I, [,
MaHpuil 6YJarand y4yH X BaKTHHHI YTHIIM OusaaH kamadud, HOJ-
ra WHTHARG 6opaan. BowananFnd WAPTAApHUHT KanAah OyJaniuura
Kapa0d xapaxat rpaduru 14.5-pacm, @, 6, 8 1a TacBupJaHTrau Owu-
podra kypunumaa Gyaanu.

3. b==% Oyaran menz Kapunauxaiap xoauea yramus. Dynna
XAPaKTePHCTHK TEHLIAMAaHWHT uAAu3Aapu L =/, = —b xakuguil sa

&
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14.5- pacm. 14.6- pacm.

Kappasu 6%aub, (14.13) TeHrnamMavuHr YMYMH#d euuMu KyHAuparm-
ya éauaanu:

x=e~%(C, + Cot).
X=—be=0t (C, + Cyt) + -0t . C,

6yanwMHy 3bpTHOOpra 0anb, GolwaaHFuu wWwapraapiad ¢oHnanan-
caw,
Ci=x, B2 Cy=9,+ bx,

kean6 uuganu. Hemak, k=05 xoana (14.13) auddepenunan Tenr-
JAMAHHHT €dUMH
x =[x, + (v, + bxy) ] (14.23»

Tedraama Ouaan udonanaHanu.

(14.23) QopMyaanan xypunaauku, 6y XOA4a HYKTaHWHr Xapa-
Katu paspudl 6Yamafind. BagT ¢ wuar ycdwdra wucbaran e
HUHI Kamaiuly te3poy, 6uHobapuH, X kamawoBuu (GyHknua OY-
ganu Ba (14.23) cyHyBuu, naspuil GyJamarad xapakaTtHH udona-
Jafiau. By xon yuyuw xam xapakar rpadurd, OOWIJMAHFHY wapT-
JApHHHI KaHjaal oaunuumura xapad, (4.5-pacm, a, 6, ¢ aapaan
oupura yxwaw O6yaaiu.

42- macana. [opusonran Texucaukia £ ¥k arpopuna ainauna
onaavran Basucus DF crepxenra GupUKTHpHJATAH 1 Kr maccaan

D oxka GUKUpAUrY € = 1200’—' 6yaras npyxuHa yJaauran (14.6-
pacm}). [IpyuHAHHHT HKKHH'{HML yura AB 6pyc, AB 6pycra
3ca GUKUPAUKIAPU € = ¢3 = 300 1}\—4 6yarad y3apo napaJajien npy-
KUHanap GupukTupuarad; L HykTa Oy npyxuHaiap ygJAapuian
6up xuJa a Macoana xoiamran DE crepxednuHr pacMaa Kyp-
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CaTW/Iran MyBO3aHaT xosartuaa [ oxkxka YHT TOMOHFa HyHa/ray
M
v, =0,5 o Tesamk GepuaHG, 10K XapakaTra KeaTHPHAALH. }OKK

HUHI X3paKartura YHHHC Te3aururfa Kapmu HyHaarau, MUKAOP
R =12v 6yAran Kapwuauk Ky4d Tancup araau. Jemndepuunr K,
IWITOKH Ba3Hcu3 AB 6pycaard Teuluk OpKaau yTkasuau6, L okya
Oupuktupuarad, D 1OKHd TYFpH uusdy 6Viaab xapaKaTﬂaHyagn
MOaAW# nyKTa Aeb ¢apas xkuaub Ba koopAunaTa OOLIMHU IOKHUNKF
MYBO3aHAT X0J4aTHAA OAWO, OKHUHT Xapakatu aHukaaucud. lOk-
HUHT FOPDH3OHTAJN TeKHCAHMK Oyiizab CcUpNAHUIIMAATH HUIK3JdHHU
Xucobra oJIMHMAaCHH.

Eunm. D 1ok xapakarusuur auddepenunan TeHraaMacuuy Ty-
3uaan 3BBAJ OUKUPANKAAPU €, €y, €3 GY/AFaH yuTa 1IPyXUHAHK
OHKHPAKIrY ¢ 6YAraH O6UTTa mpyxuuHa OunaH aamawiTupammus, DBy-
HUHI yuyH OupHHYM HaBOatAa y3apo napaaqen 2 pa 3 NMpYyXKHHA-
JIapHU OUKHDPJIHIH C,3 OYATaH OWTTa NpyxuHATA KeATHpamu3, Arap
AB 6pyCHH YHT TOMOHra 6upop d; Macodara CUIKHTCAK, HKKa-
Ja npyxuna 6up xua 8,=38;=39;, Karrasuxkka uy3unsanu. Dyuna

npyxunanapaa Fy, Ba F; 3aactukauk  Kyuaapu xocua  Gyaanm.
MkkuTa napaaiien npyXusaHd aaMawTHpyBYd OuTTa MNpyXKHHA-
e d - -

HUHT £, 31aCTHKAUK Ky4n F, Ba F3 Kyuasapuudr HUFWBAUCUra
TeHr OYAuILK Kepak:

F23=Fz + Fs-
By TeursuxkHu XaaMa-xapm 8,; =3 =23 ra Gy.samu3:
Ey _F K
b b3
Byuna :—1 = Cy3, ?=c2, :i“ =¢y Oyarannnad
Va3 2 V3
Co3 =€z + €3

kequ6 9uKajiu. BHHOGApHH, NAPAALER HPYICUHAAAPLA SKEUEA-
Aenm 0YA2an nPpyxcun.: Ourxupauzuy xap waicuy npysxcuna Ou-
KUPAURLKUHZ QUFUROUCHZA MEHZ IKAH.

SHau KeTMa-KerT yJaHraH, OHKUDAUKJADH C,3 Ba ¢; O6yarad
NPy KHHAJAPHU OGUTTA MPYxHHA Ouaad aaMalITHPaAMHU3.

D okuu yHr ToMoHra Kapa6 Gupop & Macopara CcuMKHUTCAK,
NPYKUHAJAPHUHT YMYMHA u¥3uauwiy my d ra tenr 6yaanu:

3 =3y + 3.
Bynna xap kafich npysuHHaHMHr £ 9JaCTHKJIMK Ky4d TabCupuia-
ru gepopmauuanapu
S F

By = —
Co3

» -
0 = —, y 0=

o™

F
G

ra tedr. By ndonanapHu asBajru TEHrIHKKA KYHCaK,

o ) .
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{ 3 "
xocpa Oynanu. Illyunnaé xuan6, Gepuaran yura nNpyxuHara aKeu-
paabHT OUrTa NPyKUHA GUKUPAUTH gyHuaarura Tenr 0yJaaiu:

c—__C.—(Cv—C) _—,/J‘OO t‘..
1763+ &g M

HoopnnHaTa Gownnu N wxuunr O MyBO3aHAT xo0JaaTuaa oaub,
yHUHT Xxapaxkaru Gyiunva Ox ykuu fiynanatupamus. ¥ xosana Gouw-
ﬂahaﬂx wapTaap Ky#uaaruua udoaanasam:

t=0, )C:XO:O, 'U='UO. (1)
D IOK Xapakartura éepl/lﬂraﬂ npy)KHHa./lapra SKBUBAJICHT l'Ipy-
s »

KUHAHUHT F 9MaCTUKAHK Kyuu, MYXHTHHUHT R KapLUAHK KYUYH
TABCHP 3ITAAK (IOKHUHT OFMPJAUK KYUW, FOPH3OHTA] TEKHUCJMKHUHT
HOpMaJ peaxuuscy Ba DFE BasHCH3 CTEDKEHHHHT peaknus KyuH
Ox ra nepneHauxkyasp OYJraHd yuyH pacmaa kypcatuamaras). L)
monauii Hykrtanunr Ox yk Oyina6 xapakatu auddepeHuan Tenr-
AaMACHHU Ty3amu3:

mx=—F —R. (2)
Byuaa D nygra KOOpAMHATACUHM X J€CAK, DKBUBAJIEHT MPYHHHA
negopmanuscu xam x Gynaau. lywudr yuyn F =cx; wWyHuur-
nex, R=12v=12x. Haruxana (2) tenrsama Kyiunaru KypHunu-
HU OJafu:
mx = —cx—12x.
g 17
L=k =9 (3)
m m
Genrunamnap Kupuramus. ¥ xonaa D 10K XapakaTHHUHT Rudde-
peHLHan TeHrJamacu Ky#duaaruya €3unaiu:

% - 2bx - ktx = 0, (4)

(4) andbepenuunan 1eHrsama eanmunun €3uw yuyn (3) Aan ¢ofi-
nanannb &, b KO3POULHEHTIADHY aHUKIARMU3:

k =1/400 =20c"!, b=6c"1, (5)

Uyunait kuan6, b << k; Oy xuuuk Kapudauwkiaap xoauia (4) nud-
depenunan teuraaMasuHr eunMu (14.16) éxun (14.17) kypuHunaa
6yau6, yniaarn uHterpaa yarapmacaapud (14.18) éxu (14.19) dop-
Mysanap GuiaH anugJaHain. (14.16) Ba (14.18) Hu OGupraauxia
€3aMma:

X =e-b (x,cos )V k:— bt + ;°I+ ®% sin V k= bt t), (6)
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1

(6) ra (1) Ba (5) Hu Kyilub, IOKHHHT XapakaT KOHYHMHH xoém,
KnWAamu3: {

[y % $in 19,08t = 0,026¢~5 sin 19,087 ;|

aemak, D 10K cynysun TeGpauma Xapararia 6yaanu.

65-§. Kapmiuauk xkypcarMafiauraH MyxuTaa MoOmiuf
HYKTaHMHI MaxOypnil TeOpanma xapakaTu

Moaau#t HyKranuur F, = —cx Ka#TapyBud Kyu Xamaa BQKTra
OOFJUK PABUWIAA V3rapyB4u Ba yiuromysiu Kyt 0e0 amasysyu

-~
Q xyu taveupuaa Ox ¥ OyfAnad TYFpPH UUBKRK/AM  X8PaKaruuu
Tekwnpamns (14.7- pacm). YMyman oaranaa yHFOTYBYH kKyd BaKT-
HUHT MXTHEpPHN QYyHKUMACH OYJAHIIK MYyMKUH, BU3 YHFOTYBYH KYYU
BAKTHURC AaBpufl QyHKuuACH OyAran XOAHH KVpubh uuxamus. Vi~
FoTysun kyuHunr Ox ygnaru npoexuusicu [1sin (pft -+ 3) Oyacun,
bynaa H Ba p, Moc paBuilga, YAFOTYBUHM KYUHHHT aMIAUTYABCH
Ba yacToracu, § sca Goiyaanruy pasacuaup. Moiauit nykra xa-
pakatunaudr auddeperunan TeHraaMacuHud Ty3aMmus:

mx= —cx - Hstn (pt + B).

k*=c/m, h=H|m Gearunamnapra xypa 6y TeHrn1aMa KyHuia-
ruva €3nJaanu:

B kix—hsin (pt +B). (14.24)

(14.24) ukguduu TapTubau OHP KUHCAM OGYaAMaraH YU3UKAM ZUD-
(PepeHIHad TeHrJaaMannp. YHUHT yMyMUid eduMu OUD KHHCAY

X - ki =0 (14.25)

TEHT/AMAHUHT YMYMHA eunumu X, Ba (14.24) nuur xycycuii euu-
MU BMFudnncura Ttenr Oyaaau. (14.25) TedrsamMaHuHr yMmymuf
euumu 66-§ ra acocan

x,==C,coskt + C,sinkt éku x, = asin(kf + a)
xkypunnwaa dynaznu. (14.24) nunr xycycn#t eunMmunu Rs=p xox
yayd

Xy = Asin(pt -+ ) (14.26)
KypuHuuna u3aafiMus. A — aHug/JaHuIMd J03HM OyaraH ysrapmac

cou. Arap (14.26) xycycuft euum Oyaca, y (14.24) uu xasoaraau-
) MEF 4 T TUpuwyd kepak. By wapraan doinana-

h
4 Huo, A= Oy AHWHHY Kypamus.
L], ' i OV yp

14.7- pacw. HJewmax,
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¢

x,= ——sin (pt + ), (14.27)

oxdn. Ulysnan uau6 (14.24) TenraamManuur ymymud edumu Ky-
gnjaraua Oyaanu:

]
k2—p?

x=asin(kt-+a)+ sin(pt +8), e£p (14 28)
(14.28) nau xypaMusku, MOALMH HYKTAHHHI KaHTapyBuM Ba rap-
MOHUK YHFOTYBYM KYY TabCHPHAACH Xapakatu Xycycu#t xamaa
YHFOTYBYM Ky4y TabCHPUAAH OyJANHTaH TaDMOHMK TeOpaHma Xa-
pakaTJapHUHI {uFMsauCcHAaH unoopat 3kaH. (14.28) dopmyaa rap-
knOnTa kupyBuH, (14.27) menesrama Ouran ugodaranysiu xam-
. 1a YAFOTYBYM Kyd uacroracu Gunan Oysanurad rapMOHUK xapa-
Kam Mo00ull HyKmanune MaxcOypuii mebpanma Xapakatu geiu-
aaan. By xapaxkar Gowsenruu waptaapra Oorang amac. (14 27)

h .
MaxNcOypull mebpanuu amnaumyoacu, p 3ca

TedHrJgaManaru
54— ,)2

MaHcOYpuly mebparuuinune 0OUpPaAsUi MakpopAuzy ReRuaany.
(14.24) nuddepenunan tenrnamara maxcoypuii mebparuurap-
HUH2 Jugdeperyuar meHzAamMac neiiniany,
(14.28) tenraamauu

x=c,coskt+c?sinkt+;%sin<pt+p) (14 29)
i_p'
KypuHuiAa é3ulb oaub, C,, C, ¥3rapmacaapHu auukjaiimMus. By-

HUHI yuyd t=0 n1a x=x,, x =7, O6yauw waptaia doinana-
Hamus. ¥ xoJia

C1 - XO —_—
kz_p4 k k’—p’

Keand umkanu. Tornunran C, Ba C, uu (14.29) ra gyiicak, HyKTa
XapakaTaHUHT TeHraamacu

1]

R pt
sin (pt + B) (14.30)

= xyC0s &kt 4 %’sin kt — (sin@cos kt+-::cos(3sinkt) —+

h
+
R —p?
Kypuruwra keaaau. llynnai xuaubd, HYKTaHUHI XapakaTh yuTa
XapakaTHuHr WHFuHAMCHAAH uGopat OyJanu:
1. Tenraamacu

x* = x,c08 kt + ;: sin kt

6yaran xycycuid mebparuwaap. Y nap yHroTyBYM Kyudra GOFAHK-
CH3 XYCYCHH TakpOpJHK GHaAaH KeyaBepaaH.

2. Yiaromyewu kyw mavcupuda 8ysxcydea KeaaH, JEKWR XYy-
cycuit marxpopaukx Ousar byaaduean mebpanuwarap. by tebpa-
HMUIIADHHHT TEHI/1aMacH KyHWAarH KypHHHIIra 3ra:

211
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h . i
X% — — sin - cos bt + 2 cos g sin kt).
kY —p? k :

By te6pauniunap Gowaanruy wapraap £=0 na x=0, x =0 Gya-
raHna xam BYXKyj4ra kKesagu, sibHi Oy TeOpauuulIapHUHT aMiijiu-
TyAacH COLIJAAHFUY WapTaapra GOFAWK 3mac,

3. YAFoTYBUM KyY TabCHPHAA BYXKYAra KeATaH Ba TaKPODPIUTH
Yy KyY TakDOPJAWINFA TeHr OyAran Maxcdypui meblparuuiiap.
By reGpasuiunaprnunr Tenrasamacu xyhvaaraua:

sin (v 4 8).

Xy = vt o

kl_p:

(14.30) xypuuuwaary Texraama Gowaadrdy waprrap x =0, x =0
nag  u€opar Ba YHFOTYBYN KYUHMHT TAKPOPAWIH XYCYyCHH Tedpa-
HRIIAGD TAKPOPJAULUTE SKHH (f = 1) Oyaranna HyKTa xapakaru-
HUHT XapakTePUHM anMvxJanl nMxoHndu Gepann By xoana (14 30)

" [sin (p¢ +B) — sin (k¢ + B)]

-~
<
2

. 0—k
—S1n
ke —pt 92

4

X =2

t-cos{pt+9P) (14.31y

kypuariwra xeaanu. (14.31) 6unas udonananyBuu xapakart amm-
JUTY RacH
f : -
_l__ sin p__k {
kt—p? 2

2

KOoHyH Ousau ¥3rapysud, uactroracu p Oyaran TebGpanuwiapiu
uponanaian. ¥Yura ,tennin® X04uCACH Nedunany.

p =R XOJAHH, AbHU MawOypuil TeGpauuin GuiaH 3pKHH Tebpa-
HUWL TAKPOPANKAApU OUp xua Oyarad x0AdH TeKWHpalauk. byrra
pesonanc xoau fetunaid, Pesonauc xomuna (14.24) nuddepen-
uuasa tepraama xycycuit eyumuau (14.27) kvpundivna oaund 6ya-
Mafiav, YyHku HPoaa Maxpaxu nHoara Tewr Oyanb, AHUKMACIHK
keaud uukagn Ulyrunr vayn (14.24) nusr Xycycuit euuMuHu

xy,=Btcos(kt + B) (14.32)

Kypuhuumaa usaaiMus. Yuu (14 24) ra xy#ud B= — ;k HU X0CHA

Kkunamus. yunaf guau6, pe3oranc xoauda mo00uUL HyKMarKHE
mascbypuin mebpanuwrapu

x2=—--2'—;tcos(/zt+ﬁ) (14.33)

Teuraama 6unan udonanavagv. (14 33) nauw pe3OHAHC X0aMj1a
o " h
MaxOypall Tefpanuil aMNJAUTYAACH BAKT YTHIIK 6HJ!3H2——L‘ KOHYH-

(3
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ra Mysobuk optub Copuwu kypunub Typubau. (14 34) tenraama
6unan wonasanyBum xapakat rpadurk 14.8- pacmiaa ‘racsupaan-
raH.

Pesonanc xosuna (14.24) anddepenunan TeHraaMavylr ymy-
MU €YnMH

x=C,coskt+Czsinkt—-a":tcos(ktﬁ-ﬁ) (14.34)

kypunuwaa 6yaanu. £=0 ga x=x, °¥=7, OGOWNAHFUY I1UIaApT-
aapran ¢onnanauud C;, C, yarapmacaapuu anugaaimus. (14.34)
na t =0, x=1x, necak, yunau C, = x, X0cua 6yaaaH.

(14.34) nan BagT O6ypuua xocuaa xucobaalimus:

x= —C1ksinkt+C2/ecos/et——%cos (kt 4+ B) +
+—g—tsin(kt+{3).

By udonara ¢= 0, X= v, HU Kyihcak,

I B

Ca= - {t+ 3]

keanb yugaau. Hatuxana (14.34) tenrnama Kyimparu kypuddui-
HH OJanu:

h

X =x0coskt+ki(,vo+2k

)sin kt —2% tcos (kt -B). (14.35)

(14.35) ugpoda pesonanc xoauda MoOOuii HyKmMaHUHZ Xapa-
Kamunu aluxaalou.

43- macana. Maccacu m 6yaran M 1ok ropusost 6unaw a=
=30° Oypuak TaWKWUA ITYBYH CHIAHK TEKHCAMKLA OPYKHHA BO-
curacupa ywaad typuaanid. IlpysuHanunr cratuk aedopMaius-
CH 3, =2 cM ra TeHr 6ysranaa ok M, Mysosauar xoJaTdia Ty-
paau. Bupop nafitaa (£ =0) npywunauuur ukkudun B yuu &=
=0,01sin 10¢ m gonynra
Kypa xapakartra keJca, r
M HyKTaHupr xapakarv
KOHYHH Kanaai Gyauwy
anigaaucud. O  caHoK
GOUIMHH IOKHHHT CTATHK
mMyBosaHar  xoaatuna, ¢
Ox, xoopayHaTa YKi 3ca \\]
IOKHWHI xapakaTu OY- :
fimua  oauuncnd  (14.9-
pacm).

Eunm. M 1okau Moja-
Iuil nyKta neG kapai-
MH3.  YHTa  y3HBUHT

213
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OFUpJUK Kyun G=mg, Kus
TeKUCAUKHHHT HOpMaJa peak-

-

uuacu N Ba nNpy:KUHAHUHT

-
3JIACTUKAUK Kyud £ TabCHP
stany., M uykranuur Ox ¥k
6y#nab xapaxkatu auddepeH-
uuana TeHrJaMaCHHU Ty3aMHMs3:

mx =Gsina —F. (1)

K{ypunaérran xonna npyxnsa
aedopManysacH 6= 3,, + x—&
6§arand  yuyH Fe=c¢:0—
= ¢(8,, + x — &) TeHraux 6u-
14.9- pacw, JaH aHuKaaHand. Y Xxo.J.a
(1) Tenrnama

mx = mgsina — ¢(3,, + x — 0,01 sin 10¢) (2)

KYPUHHIIHY OJa0H.
M IOKHWHT CTATHK MYBO3aHAT X0JaTHAa

mgsina—¢ -3, =0 (3)

O6yaniipHu XHcoOra oJcak, (2) TeHrsaaMma Kyiujgaruua é3udajiu:

mx = —e¢x +0,01¢ - sin 10£. 4)
[lpymuta Gukupaurn ¢ (3) TEHTAUKAAH adUKAQHUWIM MYMKHH:
mgsina
c= TEIRE (5)

cm
(5) nu (4) ra xyiaub, xocua 6yarar udosanu m ra 6yau6,
J'é+gsinax= 0.0l gsina . sin 10¢ (6)

ch cm

TEHTJIAMAHH XOCHJ Kuaamu3d. (6) ra xyduparu OGearujamsapHu
KUPDUTAMHUB:

k,=gs|nz’ b= 0Ulg sina p=10C—l; (7)

’
5rm 6f'ﬂ'l

YHna gyfngaru Teurnama xocua GyJjanu:

;+k2x=hsinpt. (8)

(8) nuddepenunan Tenrnama (14.24) auddepenuyan TeHrsama-
nuHr B =0 Oyarangarn KypuHdmwuanp. HygKTaHuHT  XapakaTuau
aHuKAaW yYyH OOMIaHFAY WApTAapud Ouadu kKepak. bowJanruu
nafuTaa WK Y3WHUHT CTATHK MYyB034daT X04aTHAA OyJrasu yuyH
GOWNAHFHY tWapTaap
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t=0, x,=0, v,=0 9)

nau wbopar. (8) nuddepennuan tenraama euumu (14.30) kypu-
uiwaa Oyaanu; yHra (9) Gowaanruy wWaprtiaped Ba f=0 Kuii-
MaTHH KyiCak, KyiMaaru xeJub YHKalu:

.—ﬂsinkt—l— u .
k2—p? k k2 pt

X =— sin pt. (10)

(7) udonanap Ba macana WaprHHH IbTHEODPra 04ub,

£=1565c!, —2 .2 =001y ——= 0017 M
k‘.’..p? k k;__pz

HY xocua kuaamus, by tonuarauaapuu (10) ra KyHHO, HYKTaHHHT
XapaKaT KOHYHUHM XOCHJ KHJIAMH3:

x =~ (—0,011sin 15,65¢ + 0,107 sin 10¢) M.

Ulyuaait xuan6 M wox acupasuit yacioracu 15,65 ¢! 6yarau
xycycuii teGpannmaap 6usan noupasuit yacroracu 10 ¢~ 6yaran
MawO6ypuit TeOpaHuiINapAaH TAIIKHA TONraH KOHYHra Kypa xa-
pakatjasap 3Ka.

44- macana. Bukupanru ¢=631,655 i oyaran AB npyxuuara
M

m =1 xr maccaan M wmarnur crepxenu ocuaras (14.10- pacm),
MarnuTuunr nacTku yun = 20sin8xnf{ amnep y3rapyBuu 10K
OKYBYM FaiTakaan yTand. f=0 nairaad 60WA8L CTepXEeHHH CO-
JeHOHAra TOPTYBYM TOK yra Oowaaiau; wy naftra Kasap Mar-
HUT CTePI)KEeHH NpyxHHALa KysraiMmall ocuJubG TypraH. Mardrt
OusaH FaaTak opacuiard ysapo tabcup kyun Q =0,01xi H tenr-
AHK OuJad anuKJaadHaau. MaruurtHudar MaxOypufi TeSpaHuluaapu
AHUKJANCUH.

Eunin, M marauT CTepXeHUHuW MOAAME HYKTa Aeb Kapab,

YHUHT XapakaTHHW TeKIIMpamu3, By HyKTara oFMpAUK Kydn U =

=mg, MariuT GUNAH FaJTaK OpPACHIATH V33P0 TALCHP KYyuu Q =
=0,0lr{=0,2rsin 8« A Ba nUpyXUHAHWHT 4 e
-—

3JaCTHKAUK KY9H 7 Tabcup stand. CaHOK
OownHY CTEPXEHHHUHT  CTaTHK MYBO3aHaT
xonaruna-oaub, xapakar dyHaadwu Oyiiuya
Ox yKBu yTKasamMu3 Ba HYKTaHUHT Iy YKKa
nucbaTtan Xxapaxkatu auddepeHuuan TeHraa-
MacHHU Ty3aMmu3:

mx =G —F + Q. (1)
[Tpywuna nedopmauuscu 8 = x +3,,, TeHTAUK
OunaH aHUKNAHTaHK YdyH F=c - (x +3,,)
oyaanu.
Wynnah kuaub (1) Tenraama

A==

mx = mg —c(x+3,,) +0,2zsin8nf (2) 14.10- pacwm.
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- Kypubuiiuyu onanu. CrepKeHHuHr
J . — MYBO3aHAT X0AaTUAA MG — Clpp={)

< . | Gyaraddnd  xucobra o0aub, (2)
- TeHrJaMany €3amus:

14.11- pacu. mx + cx =0,2=sin8x¢  (3)

2 0.
RP= —, h= ﬁ[, p= 8 Oearnaawaap Kuputcak, (3) Tenraama
”l m

KyHuaaruua ésuaanu:

X + Ex = hsin pt. (4)

By max6ypuit Te6panma xapaxar auddepenuuan TeHrJIaMacHAMP.
MaxOypuit Te6paHuIl KOHYHUHM €3nuifaH aBBaJd p Ba B HH XH-
cobaalimua:

p=8r0518 ¢, k=) £ ~ 9513 -1,

AbHH R=p — pe30HAHC X0./d Keaub 4uKIu.

Pesonanc xonuna (4) auddepenunan TEHrAaMaHuHr XyCYCHH
€4HMHM — HYKTAHHHT MaxO6ypuir Tedbpanuiaapu (1433) ra kypa
KylAnaaruua 6ynanu:

X = — ﬁtcos/et.
2k

Bynna xucobaam wur1apuHu  6Gaxapcak, HYKTaHMUHT Kyduaaru
MaxoOypnit TebpaHMa XapakaTd Teuraamacu Keau uyMKaiu: x =
= —0,013¢ cos 25,13¢ M.

66-§. Kapuuinauk KypcaTyBYd MyXuTad MOAAHA HYKTAHHHT
mMaxoypuit TebpaHma xapakartu

Monnuit nyxra F KallTapyBuu Ky, MHKAODH HYKTAHWHT Te3-
JUTHLA TPONOPHHOHAA, HYHAIHIUK 3CA HYKTA XapakaTWra Kapama-

Kapwu Oyarad MYXUTHHHI l?rgapmmmx Kyud Ba YyHroryeuu ()
KYY TabCHPHAA TYFpU 4YW3HUKAM TpaekTopua OYinab xapakaT KuJ-
cmx (14 ll-paCM) Tpaextopusa 6yiina6 Ox yKHU #HYHAATHPAMHU3.

R Ba Q Kyd/apHUHT 6y 9yxnard mnpoekuuacd MoC paBuulAa

Fx= —cx, R,=—ux Ba Q,= Hsin(pt+B8) 6§yacun. ¥ goJ.zna
MOAJMH HYKTa XapakaTHHWHr Auddepennuuan TEeHraaMacy

£+2b3c+/eu=/zsm (pt -+ B) (14.36)
6ynanu, 6y epna & =2b, £ =&, fi =#h OGearunawsap Kdpu-
m

tuarad. (14.36) xam, (14. 24) Kabu HKKHHl{H TapTuban, Gup WUHC-
JH Gy/MaraH Yusvg/au AuddepeHunan TeHraamasup. YHuHr ymy-
MHH eYHUMH MKKHTA €YHUMHHHI AUFHHAMCHAAH HOOpaT:
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X =X, + X5, (14.37)
6yuaa x, Guaau X +2bx 4 kix=0 TeHrnamanur yMyMufi euu-
Mu Gearuianras. Mabaymku, Oy € MM Kyiunaaruua ndoaanananu:

k>b na x,=et.a, sin(V kb — bt + a,),
k<<b na x,=C,el-0+V &= L Coo=(0 + VO =0)t
k=20 na x,=e % (C, + C,t).
(14.37) naru x, — (14.36) TeHrnaMaHHHT XYCYCHA €UUMHHH
x,=Asin (pt +8—17) : (14.38)

Kypunuwaa udaafimMu3. A Ba Y — aHMKJAAHWmHU J03UM OF.aran ys-
rapmac couaap. (14.38) uu (14.36) ra kyiiu6,

A|(k* — p*)cos 1 + 2bpsiny|sin (pf +B) + A[— (& — p?) siny +
—+ 2bp cos 7] cos (pt 4 B) =k sin (pt +8)
mynocabarra spuiuamu3. By Ttenraux ypuHau GYAHIIM YuYH

Al(#* — p?*)cos 1+ 2bpsiny] =k, , (14.39)
Al —(k* — p?)siny + 26pcos Y] =0 )

Gyauwn xepak. (14.39) nau A Ba 7 anuKaananu:
i Ba tgy= TffL (14.40)

T Ve b s
IHynnatt xuan6, (14.36) wunr xycycuii ednmu

h - 2hp
——__-———3in{ pt + B — arct
V (R2—p?)it 4b22 (P T g bi—p

G6ynap axan. ¥V xonga (14.36) uuur ymymuis ewumu k> b xoa
Y4YH:
x = [e~? q, sin (VE—b'¢ +a) ]+

Xy =

2) (14.41)

h
26p
— arclp 2202 9
+8 ardgk:_pa)‘ (14.42)

sin(pt—}—

R < b x0a yayn:
X = [C,e(“” +VO =B 4 Coem (0 + V=) 1+

bp
, 14.43
Ty 048

sin (pt + B —arcig

V @yt dop x
Ba k=0 x04 yuyu
h
= [e-0! C,t))=+- . —
x = [e=% (Cy + Cuty]+ VE—ry b sin (pt +B
— arctg 22 ) (14.44)
k‘-—p’

TeHraamanap Ouaan udopnananany,
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(14 42) Tenrnamanaru @, Ba a, myHuHriex, (14.43) Ba (14.44)
Tenraamanapaary C,, €, ysrapMac COHJIap, AbHU HHTErpan JoH-
muiinapu xap 6up X041 yuyH OowadnFyy loaprsaapiaad  ¢oiidaaa-
Hu0 anoxuaa-anoxuga TOMUAAMM,

Ounu (14.42) — (14.44) TeHrsama/apHu TeKHpuUIra yTah/uk.
By y4ana TeHrsamara xoc yMyMHB XycyCHAT Lyuaaw HOOpaTKH,
YJaPHUAT YHT TOMOHAAPHIArd ypra KaBcjgard Kynxaiajap BagT-
HUHT KamawoBuu (Qynkuuacuaup. By xywuaysuuaap k> b xonaa
4acTOTACH XYCYCUi TeOpPaHMIN 4yacToTacura TeHr OyJaraH CyHyasuu
3pKUH TebGpaHMa xapaxkaTHu, £ < b Ba =00 xoanapaa 3ca ane-
puonuk (maspuii OyJaMaran) CyHyBUYM XxapakaTHd wudonanaiim,
(14.42) — (14.44) renraamanap Gunad ndoaasaHyBud xapaxataap
BAKT YTHIIM GWJIAH ACOCAH YHI TOMOHNATH MKKHHUM KyWHJAYBUH-
aap — (14.41) reurnama GuaaH GearujaHaiu. YJap 3ca 4acTOTacH
VHAFOTYBYM Ky4 yacToTacu OusaH OyJsaiuraH mMaxOypuit Te6panma
xapakaraapiu ubonanaiav. bunobapun, (14.41) menesana Ou-
AQH AHUKAQHYSLU MEOPARMA xapaxanm—umaxcoypul medpanma
xaparxam, {14.36) sca maxcbypui mebpanma xaparxam ougge-
PeHyuar menzaimacu LeRHIaIH.

MaxGypuit Tebpauviljap aMnauTyaacu A= A

V (k% — p)*+ 4b%p?
xaMaa y#Arotysud kyu asacu OunaH MaxOypuii TebpaHuuiap

2h o
dasacuuuHr afiupmacuHd udoranoBuUd | = arctgkl p“ KuiiMaraap

fouWaaHFHY [apraapra OGOFJIMK 3Mac, MaxOypuii Tebpanuwiaap
AMNAUTY LACHHHU
hlk*

ARG

KypHHHLUEL& é3u6 osamMu3 Ba Ky#uaaru Oearuaauinap KHPHTAMU3:
h b

p =7—A0, %_A - =1 Byuna A, — yiiroTyBun Kyu Q
HUHL MakCuMaJa guilimMaTd fI Tabcupuja HYKTAHWHT KOOpJHHATaJsap
0OIIKAAH CTaTUK OFWIIMHU UPOAaafiad, § — MYXHUTHUHI Kapild-
suruud udonanosuu kosdduuuent, Dy Oesarunawniapia aMmmojiu-

Ty Aa

A=

V(1 =20 + 4g*R

Kypunumaa uhonananaiu. A amnautygasuHr ¢ kosahdunueHT Ba
MawOypuit TeOpaHuul YaCTOTACHHWUHC XYyCYCHil TeDpaHuiuaap 4dac-
ToTacura HUc6aTHMHH MPoAaznoBuu A codaapra GOFIMK X043 Y3=
rapuiMiad texiupamus, Arap ¢ <0 6y.aca, A HUHTC KaHaa#h 6y.u-
myAad Karsd Hasap A dexad Kuiimartra sra Oysaaan. daxar ¢g=0
xaMmna A==1 GapaBapura ypuuau Gy.aranuna A uexcus kufimarra
3pHuIALH.

g HWHT HoJdaH dapyau Gupop yarapMmac kuiMatuga A HUHAT
MaKCUMaJ, JIeKHH YeK/JH KUAMATHHU TabMUHJAHAUraH A Ha TOMma-
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g0

- <7=0Ji‘

7:0,20

!
!
!
!
|
|
!
!

|
|
I
!
|
l
!

14.12- pacwm.

Mu3. Mavaymku, (14.45) udonanyur $Hr TOMOHMIATH MAXPaX
MuHUMyMTa ara Oyaranjaa, A makcumyMra 3puwmanu. By maxpanc-
HU MUHHMUMYMra 3pMIUTHPaAUran 4+ HU auddepennuan xucob ycyau
Ousian anuKaafiMus. ByHUHT yuyH

2= (1 — X324 4g )2 (14.46)

Gearunam Kuputnb, (14.46) nan A 6yifinua GHPHHUU TADPTHOAU XO-
cuaa 04amu3 Ba Oy XOCHJAHM HOJAra TEHIAAMMu3:

dz N . .
=4[ 1) A 29 4] =0

By Tenrsamanu h ra mucoatan eund h, =0 Ba h,=}1—2¢* un-
LH3/apHH XOCUJ KHJaMu3., DUpnnuu waaus MacaJaHWHT KYHAHIH"
mura Kypa MmabHOra sra amac. UyHku Oepuauwinra kKypa viro-
TYBUM KYUHHHT Takpopaurn p=~0 xamna xycycuil Takxpop/uK
£ = co. Hemak, Ay =0 X011 TeKIUPUIAAH MYCTACHO. IJHAU HK-
KuHud  uaans A, =} 1—2¢% (14.46) MHHUMYMTa aHNAHTUDPHI VUYH
o? .« . —

(aTi x >0 6k 1 —2¢°>0 éku ¢ <V 0,56 6ysumn kepak. [de-

=2, o

mak, 0< g< 10,6 6yarau TaKAMPLATUHA A MAKCHMYMIa 3pUIK-
wu Mymkun. Ulynnai xuan6 0<q< V0,5 Ba A=V 1—2¢* 6ya-
ranna MaxOypu# Tebpanum aMnauTylacH MakCHMyMra SpHIIAnLH,
14.12- pacmpa MaxOypuii TebpaHUUIIAp aMIUJIUTY AACHHHHT A T4
HucGaTan ysrapumt rpaduru ¢=0, ¢=0,15, ¢=0,20, ¢ = 0,20,
g =0,25 Xosn1ap yuyH keatupuaraH, Pacmpan xypamusku, A HuHT
g=0,15, ¢=0,20, ¢=0,25 xonsap yayH aHWK/NaHIaH MaKCHMaJ Kuil-
MaTaapu yHuur A=1 0Yarangary KkufimataapuAaay 4anra TOMOH CuJ-
XHUraH. ¢ HONTa UHTUJATaHH capu 6y (apy kamanub 60pajiu Ba aKCHH-

4a, ¢ HUHT KUAMATH ;/0_,5 ra sKHuAamrany capu 6y dapx owub Gopa-
4. MyXHTHUHT KapIIHJIHTHHE 6earunoByy ¢ Ko3®uLineHTau xaMaa
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Aycycuil rtedpanduriap
yacToTacn OnadH yAro-
Ty84H Kyd yacToracu
HucOaTHHW  Teruiwanyga
oaub, YHFOTYBYH Kyd
aMIANTY 1aCcH KUK
OyaraH Takaupaa xam,
Mabypuil  TedpaHuul-
JaP AMUAUTY LACHHH Y -
A4 owdpHd  wdopuil
MymKuHd, Ba akcunua,
ywoy KoadpduuneHTaap-
HU wvHaaf  rtannalu
14.13- pacm. MYMK#HKHU, yAFOTYBIH
Ky YHWHT HMHJ‘HTYI‘ABCM
Karra 6ysca xam, MaxOypuit TeSpaHuiaap aMAAUTYLACH KHUMK
6y nanv.
MaxOypuit TeSpannwmaap (asacunu Texumpamus. Dy Ttedpa-
o

HUWADHAHT YacTOTacH p Ba 1aBpH T= —, MOC paBuuila, YiHFO-
P

TYBYH KYUHHHI 4acCTOTACH Ba Jgaspura tedr OY/ub, MYXHUTHUHT
KapWJUry yaapra tabcup Kuamainu, Pasaaap adupraca | wv
Kypub6 uynkamus. By 6ypuaxk (14.40) HuHr HKKHHYH QOpMYy.JacH
OuJan anuKaaHagiu. Y Hu

gy = —_ (14.47)
Kypuanwaa ésamus. ByHmaru A ymyman oarauga O nas oo ra-
ya yufimatnap kaldya kUAnWY MyMiuH, Arap npy>XUHAHWHT 3Jac-
TUKAHK KOd(Ppuiunedtv ¢ xyna Karra 6y.aca, k° =c/m 1aH xypa-
MU3KH, B Xam Karta, OmnoGapuH A HOATA SKWH, NPyxUHA 3ca ab-
CO/IOT y3rapmac cucremara axup Oyaaau. (14.47) ra acocan 6y
Xo/aaa (pasasap alupmacu y Hoara aptiadanu, I1pyxuaHaguuar saac-
TUKAUK KO3pduuvedtn O ra skuH OyaraHuga 3ca )} kKyda Xaum
karra kumiMarra spuwanu sa tg v,( 14.47) ra acocaun O ra yan T0-
MOHIAH SAKHHAAWALH, AeMak | Oypuyak = ra afgananu. Ulynaai
knanb, & xoagppuunent O nan +4oco raua ysrapradga, ¢y Oypuax
0 nan = raua yarapaaud. » =1 Xoauna (pe3oHaHCra sKMH COXa)

1= é 6ynanu. 14.13- pacvaa y OypuakHuHr A ra Huc6atan yara-
puww rpaduru ¢ =0, ¢ = 0,15, ¢=0,20, ¢=0,25 xoanap yuyu
KeJTUPUATEH,

45- macaaa. Duxupaury ¢ Gyarad Npy)KUHATA 71 MACCaAu IOK
ocunran. IOkka Oz Bepruxaa Oyfinua fysaaran Ba Q,=f X

. c .
X sin Vﬁt TeHrJauKk Ouaan HponasaHyBud YAFOTYBUM KyU Xamia

MYXUTHHHI KapUWIMJAMK Kyud R = —pv Tabcup 3Tagud. MamOypuii
TeOpanHW/IaD aMIAMTYAACH AHUKJIAHCHH,
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Eanm. IOxuunr Oz vk 6yfinua xapakaT auq epenunan TeHt-
JaMacuid Ty3amu3. HOKkHWHP CTaTMK MYBO32HAT X0/aTHAA YHWHT
OFUPJMK KYUYU NPYXHHAHUHT CTATUK AedOPMaLUACHAATH 31aCTHK-
JUK KYYH OMAaH MYBO3aHaTAJIIHMMHY 3BTHOOPra oacak, augde-
pesuyas 1enraaMa gyhuparuyua 6yananu:

mz = —cz —pv -+ Hsin ]/,;Cx- ’ (1)
- p_m AN VA
kz_;’ [) —5’7. h—',;, p_ Vm (2)

Gearunamaap xupurcak, (1) tenrnama

£—',— 2bz + kz = hsinpt (3)

KYPHHUIIHY 01314, ABHU MAKOYpUil TeOpaHMa XAPAKATHHHI AH-
depenunan Tenraamacu xocusn 6yaaau.
Y xoana, max6ypuit Tedpanuw amnautynacd (14.40) ¢opmy-
Ja OWJaH aHUKJAAHAAH:
h

TV EpE T
(2) udonanapuu (4) ra Kyiub, Macaja eUUMHHH XOCHA KUAAMH3I:

(4)

A= 2

H | S m
w ¥

XV 606 MOAAUN HYKTAHUHT HUCBUH XAPAKATH

67-§. Momaumi Hykra HucOuil Xapakarupuur auddepenunan
TeHraaManapu. anuaefiHUHr HUCOMAAMK NPHHLLATK

Ly na#iTraya 6M3 XapakaTHM HHepLHAas CAHOK CUCTeManapura
-HuCOaTaH ypraHub keanuk. MabayMku, MOAAUA HYKTara Xey KaH-
Jail Ky4 TabCHp KuAMaca, y OyHAaail cucremManapha TYFPHU YH3HK-
JM TeKHC XapakaT Kuaafih €KW THHY XOnaTHHH cagaaigu. Lllapr-
Jd pasuuiaa Ky3raamac ned oauHran CawoOK CUCTEManapu xawm
uHepuuasn xucobJanann (Ky3raamac Ba 6Gup-Oupura Hucbataw TYF-
PU YM3HKJAH TEKHUC XapaKaT KHJAYBUYM CHCTEMAJaPDHHHI 3KBHBAJEHT-
JUTH XaKujia cy3 yurby maparpagHuur oxupuia 6opaau). Moa-
JUH HYKTa AHHAMHKACHHMHI acocuil andpepeHupas TeHTNaMacH

— -—

mw=F

aHa wyHAa# cucremanapaa Ypuuau. Jlemaxk, 6y Tenrnamajaruy w
Te3naHul aGCcoaloT Te3NaHuw Oyaanu.

JuAM MOLAMH HYKTA LIApTAM paBdwjia KYsraamac ne6 OJKH-
FAH cuCTeMara HuC6aTaH XapakaT/JaHYBYH CUCTEMAandaru XapakaTH-
HUHT aubdepenunans TeHrAaMANAaLHHH Ty3uWHM Kypamus. Papas
KHaagauk, O,x,y,2, CHCTEMA IIAPT/IH PaBHILAA KYy3Fraimac OyJICHH
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(15.1- pacm). Oxyz aca O,x,y,2, cucTemara wuc6atan UXTHEPUM
XapaKaT KUJYBYM CHCTeMa GYJCHH, m «accaau /1 MOAAWE HYKTa,

TeHI TabCup 3TYyBYHCH f O6yarau kyusaap tabcupusa Oxyz cucre-

Mara HUCOaTaH XapakaT KWJCHH. F KyY TallKuJA 3TYBUHJIApH Opa-
cuna COFJaHHIN DeaKilMs Kyd/Japu XaM OvJaMumld MyMKuH., Mab-
nymky, nyktanudar Oxyz cuctemara nuc6arad XapakaTh HucOUii

xapakat O6yaanu. F Kyy Oxyz CUCTEMAHUHI KY3FaJayBuM éKu Ky3-
raamac 6ynuwura 60raux 3smac. Moanuit HykTanuur O,x,y,2,
cucTemara HucOarad xapaksTd abcoaT xapakar 6yaub, Oy xapa-
KaT HBIOTOHHUHT UKKWMHYM KOHYHH:

mw,=F (15.1)

acocupa G6yaamu. (15.1) na w, sextop M HyxraHuHr abcoaroT
Tesaaunmuanp. Kopuroauc teopemacusu gyanad, (15.1) uu Kyiiu-
naruua €samus:

m(w, +w, + w,) —F.

TeHrnaMaHHHT 4an TOMOHMJA HucOMi xapaxkaTHu Oe ruJoBuM Ky -
na@itMasu KoJulupuO, ynu Kyhuzaruua udonanaiMus:

mw, =F + (— ma.) + (— mwy). (15.2)

-

—_— — —
b, = —mw,, ®,=— mw, Cearunawnap xupuramns. P, — Ky~

gupma unepyus xy4u, ©, sca Hopuoasuc unepyus ky4u nefinaa-
au. By Gesrusnawiapun nasapia tyru6, (15.2) Hn Kgyhunaruva
é3aMus:

_ =

mw, =F+®, t O, (15.3)

(15.3) TenrsamMa MOOOuil HYKMAHUHZ HOUHEPYUQAN CUCHEMAA
HucOaman Xapaxam KOHYHUHIHZ 6€KMOP KYypurumoazu OuHa-
muK menaamacu KM HucOWl xapaxamrunz acocuii meH1ama-

cu nedunand. lUyHnait xusué,

Z £ MOLAKA HYKTa HHUCOHA xapaka-
» THHUHT 4COCHH TEHT/A4dMACH XaMm

¢ v HpioTon Tewraamacm xabu Ty-
A A , au/Jap 3KkaH; Oywla HyKTara

7 % TabCHP KUIYBUH KYuy/lap Karto-
7 puza kyyupma Ba Kopuoanc

A v VHepIMA KYyYJAapUHH XaM 6upra-
JUKAA oaum xepak Oyaanu.
Jlexkun  HeloTOH  TeHraamacu
O6usaH HUCOM#A Xapakar TeHr-
’ JaMacHHUHT YXwawJaurun ¢op-

15.1- pacwm. Maa xapaktepra sra, Kysramys-

-~

Mg
&
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gn CUCTeMafa Typram KysaTysum ydyH Kyuupma Ba Kopuosanc
JHEPLHA KYuYlapy ORATAArW Kydaap cHdarnaa Kady.a KWanHalu.

-
Y 6y KyuaapHu XaMm yJuami MyMKuH. By kyuaap F kyu Ouaan
GUP KAaTOpla HYKTAHWHT HUCOWH XapakaTunu Gearunafiiu. Jlexknw
By Ky3aTyBuW UHEPUMs KydJapUHUHT ManGauuu KypcaTtn0 Oepa
oamaian. Bunodapud, xyyupma Ba Kopwosuc wuuepuua KyuJaapn
yuyt HpwoTonuunr 3-axcuomacunu Kyaxa6 Gyamafan. Papwankuy,
Ky3Faamac cuctema Onaan OOFaanraH MKKMHYH OUD KY3aTyBud
yuyH Xed KdHpafh kyumpma Ba KOpPHOJHC uHEDUHA KydadpH Mas-
wvya amac. By kyuaap tydalian coaup Oysaaértran Ba OMPUHUM
Ky3aTyBY9H TOMOHMAAH Ky3aTHAa€TraH MEXAHWK NpOUeCCAapHU HK-
KHHYY KY3aTyBYH MEXAHWKA HHEDUUH KOHYHUHHUHT HATHKACH CU-
(atuaa TywydTHpagu. Macasaus, BATOHHM TYCaTA4H IODHUILH Ha-
THKACHAA MACCAKUPHHHI ,KaAKub® KeTWLWIHHK BaroHLard Kysd-
TyBuYM Kyuupma éku Kopuoauc nuepuus xyuu Tydailiu £eb6 Ty-
myHTHpca, Epparn xkysaryBuu 3Ca naccamupHUur OyHaadl kana-
KUIIHHY MAaTepus Y3WHWHT TUHUJAWUK XONaTHHH &KW TYFpPH YH3HK-
JIW TeKHC XapaKaTHHU CagJJaiura WHTUAMIIYM OpKaJau, SbHU MeXa-
HUKAHUHT HuepHHUs KOHYHH OPKaJH TYLYHTHPALU.

M ByKTaHuHr ¥Ky3FasyBun CcHCTeMara HuCOATaH KOOPAnHaTaqAa-
pHHM X, ¥, 2 aecar, (15.3) tearaamaun, Oxyz cucteMa ygJaapura
npoexkuuanad, HucOU xapakaTHHRT Kyfunaars ckaiap audiepen-
UHaJA TEHIIaMAJapHHH XO0CHA KHJaMmus:

mx =F,+ ®,, + ®,,,
my = F,+ ®,, + b, (154)
mz=F,+®,, + &,

Ba’bsn XyCyCHit X0JaaPHH Kypub uuMKamuns:
/(ysra/zyew cucmema mMYrpu ttzzsmg/m, meruc xapaxam

mmcun (‘U —const Ba w, =0). ¥V xosana w =( Ba w —2(» X

E}( v, =0 6¢arauunas, ©, =0 Ba O, =0 keand uukaan. Hyxra
HUCOMA XapaKaTHHUHI 4COCHH TEeHrJaMacy

pe -

mw,=f
KypuHuwra keaanu, DyHnan Kyidugara MyxuM XxXyJoca YHKaAH:
HYKMAHUHZ XApaKamil KY3FAAMAC 6K MYFpL LUSUKAL MEKuc
Xapakam KuUiYexu cucmemarapoa rxypuruuil 6up xua 6yaau
duppeperyuar menenamarap buran ugpodaranadu, Bunobapuu,
Gownauruy waptaap Oup xua Oyarauaa Oy TeHrJAamMaNapHUHT
eyuMaapu xam O6up xusa OYaanu. Bowkaya KuauG afrranna, HyK-
TaHUHI MYyafisH XapakaTd KysFaamac cucreMara Hucbaran xannan
Tearsaama 6uaaH udoganaica, YHUHT TYFPU UM3HK/IW TEKHC Xapa-
K4aT KHJAyBYM CcHCTemara HucOaTaH_XxapakaTu XaM asa wmyHAad
TewrnaMa Gunad udona staaaau. Exu xyseaamac cucmena 0Ou-
AQH YH2Q HUCOAMAH MYFPL HR34KAL MEKUC XapaKam KUAYe4lL
223
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Xap gandal cucmema y3apo 3rxsusaenm O6ynagu. LLywuur yuys
Ky3Fa/aMac Ba Oup-O6upura nucbatan TYFPH YM3HKJAM TeKHC Xapa-
KAaT KWiayByn Oapua cucremanap GUp XWJa UCM  OunaH —uNepyuar
cucmemanrap ne6 WPUTHAARU.

Wlynnait kuaud Moamui HYKTAHHHT TYFPH 4UM3UKAH TEKHC Xa-
pakaTt KkuAyBuUM cuCTE€MAra HucOaraH MabviayM OOUIJAHFUY 1HAPT=
aap OunaH GYNaaurad xapakaTuHU YHUHL KY3FaaMac cucTemara
Hucbaran ywoy Coumianruy waptaap O6uaad Oyaanuras  xapaxa-
thaan Papy kuaub O6yamaiiau. By xyaocanap xaaccux mexait-
KaruHe rHucbuitaux npunyuny éxu [aauneiinune Hucbuliauk
npURyuni MOXUSITHHU TalWKWJ 3Tanu: Oepk cucmemada myput
CUCEeMQHURZ MYFPU YUBUKAUL MEKUC XApaAKAMUHU Xap Karoail
MEXAHUK IKCNEPUMERm OUAQH Xam aruxaab 6yamailon.

2. Hyxra xysraayBup cucTemara Huc6aTaH TUHY xonarna 6y.-

— —_ -— —
cun. By xoana: v, =0, nemak, w,=0 xamzaa &, =2m», X v, = 0.
Haruxana (15.3) teurnama

Fid,=0 (15.5)

kypunuwra kenaau. (15.5) — modouit Hyxmarnune HucOUlL my80-
3aHamu mexeAamacy nefuaanu. YHAaH KypaMu3Ku, HYKTa HO-
WHepHUAN CcHcTemara HucOGaTaH THHY XOJAaTAAa TYPHIUM YUYH YHTa
TABCHP KUaadTrau Kyd OuJan KyydpMma MHEpUHA KYUHHUHT reo-
MeTpHK HHFHHIHCH HOAra TeHT Oyauwd wepak. MawayMmkm, Hyy-
Ta MHEpPUnaJ CHCTeMara HucbaTaH THHY XoJaTha TYPUILKM YuyYH
YHra TabCUp KHJAYBUYU KYUJAPHWUHT TFeOMETPUK HUFUH/AHCH HOJTa
TeHr OYJWIUW eTapjd 3IH.

68-§. Hygranunr Ep cupTumarm myBozaHatura sa
xapakatura Ep aiilanMIBMEHAT TAbCUPH

Ep Ounan GoraaHran KoOpAMHATANAD (HCTEMACHHH OJafAnK.
Ep Kyéw 6unau Gornanran KoopAMHATANAp CucTemMacura HucHa-
Tan Kyéur arpoduna sa ¥3 yku arpoduaa adjaHawu Tydahau
Ep Gunan GoFJaHran cucrema Hounepuuasn O6yasann. Bv  Homuep-
yuaaaug acocan Epuudar y3 yxu arpoguaa aiivanuy Suaan Gea-
runanand. YUyHonuu, Eprunr Kyéw arpoduna afisanuin naspu
G6up fivara TeHr Ba aMaJjna KypwiaguraH Mexasux npoueccsnap 0y
AaBpra HucGaTaH Kyla KHCKa BakT opaauFuda yrtaau. Dy Bakr
uyuna Ep y3umunr Kyéw arpcguiaru TPAEKTOPHICH — 3J4AUNC-
HUHT 6GHEOp KHYHMK KUCMH 6yiaab ysrapmac Te3auk OuiaH xapa-
Kar Kujaau. By xmemuuw TYFpu unsug cudarusa o0aud, EpHuur
Kyéw atpoduaa aétnannwmu tydaian xocua OyJaidraH HOHHED=
ILHAIHKHE XHcoGra 0aMaciuk MyMKMH. EpBUHC §3 yKku arpodu-
A3 afsaHHIM AABPW TaxMHuHAH 24 coaT 6Y/u6, yHUHT Oypuaxk Te3-
aurun 0,0000729 ¢—1! 6¢aanu. Arap Ep 6unan 60FaanraH cucrema
uuepunaa ne6 xabysa KuamHca, 6yHIA acocaH EpHHHT §3 yku ar-
poduaa alsaHuIMAAH BYXyAra xeaannran kyuupma 8a Kopmuoauc
WHEpLUsi KyuJapH xucolra o.qnumaran OyJaaad. Ep ys yxu atpodu-
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nparv afiiauuwnusr Ep cuptuaaru
Hyma MYBOSﬂHaTl/ll'a Ba yméy
cupT Oy#aab xapakaiura TabCH-
pUHU TeKIinpamu3.

Maccacu m ra Tteur 6upop M
Moanauid HyKTa Ep cuptHaa THHU /
Typraw Oyacun. CHPTHH CHJJIHK
ne6 dapas yuaamuid. Hykra Huc- \
Ouil TUHYJIUK XOJATUHUHC TeHrJa-
macu (15 5) ra acocan

FieRed,=0 (15.6) —

5

6ynanu. Byuna ﬁ;~EpHHHF TOp- 15.2- pacw.
TdW Kyuw, y Ep Mapkasura To-

— -

MoH HyHajsrad; R — Ep cupTHHUHr peakuudcd, &, — Kyyupma
uHepuusa kyuu. Ep ¥3 yxu arpoduaa Vy3arapMac OypuaKk Te3sJHK.
Ouaan afiianrain yuyd M HyKTanuHr TesjanHuuiy (hbaKaT HOPMaJK
Te3qanumaad ubopar Ba y afilaHdl YKHCa HNEPNeHAUKYJAAD AY-

Hananu. ¢, BekTop 3ca 6y HOpPMAA Te3/aHHW BEKTOPHTa Kapama-
Kapuiu dynajaran (19.2- pacu).

Frd+d, =P (15.7)
Gearunawr kuputamns. ¥ xoamga (15.6) ﬁ—}— ﬁ::O kabu &suaaiu.

-
P BekTOpra wmododuii HyxKm 1HuKz OFupAuK kyiu Aeduaaiu. DBy
Ky4qHaudr iynaamu Epuudr wy kyd yauzadaérrad wohinpari Bep-
THKAJHUHT AyHAAHWWEY Gearuaaiid. Beprukaira Tk Kuaunb Vr-
Ka3HAraH TEeKUCJANKKA 3Ca FOPU3OHTAT TEKUCAAK Aefunaau. 15.2-
pacMaa ¢ OpKa/id FeOUEHTPUK KEHTAWK, ¢ OpKaau 3Ca reorpagux
KeHrJuk Oenrunaurad. OFMpank Kyun 6y Kydu KaepAa yauaHaeT-
randra Goraug. KyT6aa y EpHunr TOpTHII Kyuura TeHr Gjnajiu-
ByTyn onaMm TODPTHIIMII KOHYHHMIA 4COCAH:
o M-m

rr=7y+s —.

ri:
Dyuna | — rpaButanuon Aoumuii, M — Epuunr maccacu, r — Ep
paanycu. go= 7= Ae6 Oearunaimus. go=9,82 M/c? epasumanu-
r

On mesaakuus pediunanu. Ulyupait xuau6 ToptHW Kyud Fr=

= mg.
Mabaymku, EpHuar 6upop reorpagui KeHTMHKKA MOC KeayBYH
HoHnaa OFMPJMK KyYM Macca 6unad ywly xohaaru 3IpKuH Ty-

WHU Te3NAHHIIHWHUHT KynafitMacura teur: P =mg. Bynu nasap-

na ty1ud (15.7) udonanu P Bektop #yHaMIIMraA npoeku‘uﬂ.ﬂaﬁ-’
MH3:
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mg=~Frcos8 — &, cosy
€Ku
mg = Frcos ® — ®,cos (¥ -+ B).

68 O6ypyak 3bTHOOPra oamaca GynafuraH aapaxafa KM4uK OGyara-
HUW YuyH Oy TEHIJVIHKHH

mg=m(g,— olpcosy)

K¥punuinaa €sum MyMKHH. ByHnaa p — reorpaduk napaiegHyHr
IrpuaKK paauycH. By udonasan Ep cuprugard IpKUH Tywuu
TE€3NAHUIIWHA TeOLeHTPUK KEeHIJUKBUHT (QYyHKLUACH cudatuaa
udonanam MyMKkHH Oyaanu:
? \
1 m'p
g=go|1— =2 cosd). (15.8)
\ £o /

(15.8) nau g Y¥3uHUHr 3HT KU4MK KulimMaTura akBaTtopra (¢ =
=0) sra OYMUIIUHK KYPHII MYMKHH, Dy guiimar g, = 9,78 wm/c?
©ynanu. Towkent napasnean yuyn ($=41°20") g, = 9,801
M/,

Moannu#t Hyyrauuuar Ep cuprtu 6Yyinal guwaanaMrad xapakartura
Ep alanumuHuHr TaCHPUHU YpraHamus. Arap MoAmui HyKTa

F, (i=1, 2, ..., n) xyunap tavcupuna 6y.ca, HuCcOult xapaxar-
HWHD acocuil Tenrsamacu (15 3) udona

mw, — N F,+ @, 4 &,

KVpuHHiga é3unanu. Epuurr 6ypuak Te3HrH KHUHK Oyaraiu
YUYH KyuupMa MHEPLMs KYUHHHHT KHiAMaTH mol Hu 3bTHGOpra

0/IMACJUK MY MKEH.

Bysnuar ycrura, omaraa, 6y Kyd OFMPJAMK KYUYHHM KHPHTHLO
Gunad xucobra oavnand. Bynna#t xonma y xapakaT TerrJjamasna-
puAa olwKop pasumga xarmawmaiau. Uly tapssa HykranuHrt xa-
pakatura Ep afi/aHBIIMHUHT Tab-
cupu acocan KopHOARC HHepuus
Kyun Ousan Oedruilananu, JAeran
XyJaocara kesaamus.

Hykra [llumoauit apum wap-
na Mepuauan O6yiinaé LlluMosinau
2Kanydra TOMOH XapakaT KHJCHH
(15.3-pacm). YHUHT HHUCOHI Te3-
UK BEKTOpH MepHAHAHTa YpHHMA
Gynann. Mawiymxu, Kopuoauc
Te3/aHHLI BEKTOPH

—~

w, =2, X, (15.9)
K3 MynocabaTnan anngaanany. by ep-

15 3- pacw. na QE—EpHnHr OypuaK Te3nuk
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BEKTOPH, W, BEKTOD Mapaje/ra ypuHMa DaBuIuia MOLNMA HYKTA
xapakaTtu Bywaauwura uucbaran uanra, Kopuonuwc unepuua Kyuu

41;,, aca ydrra #¥unaarad. (15.9) BekTOp kKynahTmaga kynaifiTyBuH
BeKTOp/1apAaH OMDHHUHT FiyHAAMIIM KaPaMa-Kapluura yasrapca, Ky-
nafiTMaHd HPOAAJIOBUM BEKTOPHUHT HYHAAMIIM XaM KapaMma-Kap-
mura yarapaau. ysunr yuys xam nygra Ulumoaust spum map-
na mepuaunan Gyina6 2Kany6pan lllumosara xapakat xuaca, Ko-
pHOauC HHepuusa Ky4d FapOra—HyKTa XapakaTd #yHajuliiura Huc-
6atan Vyurra Hysanafd. DyHmaH k§pamusku, Kopuoauc unepuus
Kyuu [Humonuit apum mapaa mepuanad Oyduua XapakaTianysun
MUCMHHM YHHHT  Te3Jurd HyHaaumura HUcOaTaH YHC TOMOHTA
OFAMPHLITA XapaxkaT KWJAaaM; yMyMaH, HUCOMH Te3nuK BeKTOpH-
HUHT Ep afisaHum yKura neprneHanKyaap TeKHCAUKAArd npoex-
uusacH HoadaH dapkau OYaranaa, xucM [Humoanit spum wapaa
Xap Kanjai fydaaumna xapakariadranna xaM Kopuoauc unepuusi
KyYn XUCMra myHial TabCup KWAHLIMHH KYpCaTHIN MyMKHH. JK-
paropra uucGatan HluMospoxaa xofianran napénap yHr KHPFOK~
JapUHUHT yanm KHPFOKJapura HUCOaTtaH Kyupox eMHpuauiny Ep-
HHHr $3 Yxu atpoduna aiaanuwulaH Xocua 6yaran Kopuouauc
MHepUMA KyYUHHHI TabCHPULAHAHP.

Xynnu oKopuaaruiek myaoxasanap topuru6, Kauyou#t spum
wapaa Ep cuptu 6yiaab xapaxkar KHJAyBYW HyKTara TabCup Ku-
aysun Kopuoauc uHepuus Kyuw HYKTa XapaxkaTtH AYHaAMWHra
HUCOATAH Yam TOMOHFA fiyHanTan GyAuIldHK KYPCATULI MYMKHH.

69 §. OFHpanK Kyuu TabcHpUAa SpKHH TYLIYBYH
wHemAaHNr [llapkka OFdIUH

Ep aifliaunuinauur Ep O6usan 6oF1auray KOOpAUHATARAD CHCTE-
MacHAArd Xxapakarra TabCUPHHH aHMKJIAUIAd MHCOJA TAPUKACHIA
yHaa 6adann 6yamarau macodanas OFUPJMK KY4Hu TABCHDHAA 32D~
KHH TYWYBYM KacMuuur Ep afinauumu fiyuaaumu 6yiinua [Hapy
TOMOHra OFU6 TYWMWHHA KYfcatdur MyMkud., M xucm Ep pann-
YCHAGH anua KUuuK OyJaras
OM = H macodanan tyuciu. By
X0Ja OFMUPJAMK KYYHUHH Y3rap-
Mac xe6 oauw MymkuH, Ep 6i-
Jan GOF4HTAH KOODAMHATAJap
cucremacusu 15.4- pacmaaruiex
Kuau6 onamus. Bynaa koopau-
Hatanap Gowun 6yaran O nykra
XUcM OGuaan Gup BepTukania
€ramn; Ox xampa Oy  VYyaap
Moc pasuwaa O HYKTaAaH yTyB-
YH MepHAHAH Ba Iapaiseara
ypuHma O6yisa6 fynaaraw. Oz
YK acauna Ep Mapkasuian yTyB-~
4l paauaa 4usyy Oyhaad idyua- 15.4- pacy
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nanu. Jlexun Oz yKHUHT HYKTa Typras xOHAArH BepTUKAJAAH
OoFvlIY 3BTHOOPCH3 Aapaxana kuuux Oyarasvu  yuyn Oz yKHE
Beprukaa Oy#nab fynaaran 2e6 dapas wusamus. Tywaérran
HUCM HHCOMA XapakaTHHHHT acoCUil TeHT/1aMacHHH &3aMu3:

mw, =P+, (15.10)

DyHaa KyuupMa MHEpUHA KYUH OFUPANK Ky4yd P HM KAPHTHW Ou-
—

- -— - e ad
Aay xucobra oauurad. P= mg Ba P, = — 2m(w, X v,) 3KaHAH-
run svTHOOpra oaubd, (15.10) vu Oxyz cucrema Ygaapura npo-
exiuaIafiMus:

mx = — 2m(w,, z—o >y)
my— -Qm(mezx—m xz) (15.11)
mz= — mg — 2m( exy u)eyx)

Pacmaan w,, =0,c089, w,, =0, 0, =uw, sin q». Bynna ¢ — xofi-
HUHI TEOLEHTPUK Kerrauru. lOkopuna KaGyJs KuJAMHTaH Wapraap-
Fa acocad ynu XOHHHMHT reorpadui KeHrAWrHra TeHr ned xucob-
Jafivns. IMynaas gkuan6 (15.11) yy#ivgary xypusumaa éspaanu:

x= Qweysm.a
y=—20 [xsin g + zcos V), (15.12)
z= — g+ 20,y cos $. '

7KucM xapakaTy NaBOMMAA YHUHF U, HUCOMHA TE3AUK BEKTOPH ro-
PU3OHTTA NEPNeHAUKYARPAUrHYa KoNanu ned dapas guaud, (15.12)

TedrnaManapsn OupMmMyHYa CcoAjanawiTupamus. Y xonaga x =0,
y =0, 2= — v, = —gt (AaHUFUHH OJrdHAa, MXHCM 3IPKHH TYLUHLIH
nasomuga 6up o3 Kauyora, xympok llapxka oranu Ba x <=0,
y%- U) Ba (15.12) y#iwnaruua €3unaanu:

X =0, y=2,glcosd, z=—g. (15.13)
(15.13) uu unrerpansiag,
x=C;t+C,,

y= -‘—m,gt" cosd + Cyt +C,,

(15.14)
= —'7ng+ Cat +C6

TeHrJaMaznap xocua kuannamu. (15.14) renraamanapgarn Ci, C,...
. ,Cg MHTErpaN NOUMHANADH

=0, x,=0, 3,=0, 2= 14, ’;o=0- ).'o=0v z.o'=0
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6owaauFuy IapTAapHd Kyanad amugnanaan: C,=C,=C,=C,=
=(C,=0 Ba Cg=H. [llynagait Kuan6, }KUCM XaPAKaTHHUHT TeHr-
Javagaapu

x=0, y= %m,gt“cos'p. z==H—-—;-gt2 (15.15)

KypuHuWAK oaanu. (15.19) naH KYPHUHAAUKH, XXUCMHUHT XapakaTH
Texucankaa 6yaanun. Xycycan (15.15) TeHriamasapHUHr UKKHHYH-
CMIaH 3pKHH Tywaérran xucm Xap BakT lllapkxa oFumnun kypa-
Mu3. By orum ¢akar ¢ ==/2 xonuaa, AvHu xucm KyTt6na spxun
Tylwranaarusa 6yamafan. dxsatopiaa 3ca (P =0) XKUCMHUHT Bep-
THKaJ//1aH OFHMIIKM MakcuMan Oyaapu.

Xap GUp TEOLEHTPHK KEeHIMKAA MabayM GaNaHANMKAaH 3pKHH
TYIYBYH XKHUCMHUHC Epra TywranAard OFHII Macodacunud XHCOO-
a0 Tonum MyMKuH. Bynusr yuys (15.15) TeHriamanapHiBr y4qun-
gucuaa z=0 ped, Tywuw BaxTH £, TONUAALU:

%
£

Tonuaran £, un (15.15) TeHriamanapHMHT HKKHHYMCHra Ky#uo
oFuil Macodacn / aHuKJAHALH:

t, =

,—
H

L= Yoy = A mggtf-cosq) =2 Ho, l/ il cos Y.

3 3 g

Macanan, Towkenraa (Y =41°20") A =100 M Gasawaaukiaw 3pKun
tywysuu xucM Llapkka romod [ =16 Mm ra oranu.

Arap XHCM Bepruka/J HyHaAMUIAA 1OKOPUra OTHJICA, HUCOMH
Te3JUK BEKTOPHHUHI FyHaNMIIM TOPH3OHTAJN TEeKHCJIMKKA THK Da-
BUIAA OKOpHIra HyHaarad Oynany, KoAraH 6apya wapraap aca ys
ypunna goaasy. Kopuoauc vHepuus KyuMHHHT HYHAJIAWHK Kapa-
Ma-gapluura ysrapuind rtydadan wucm 6y xoaza apkka smac,
Fap6ra oranu.

46- macana. Maccacu m = 2 Kr 6yaran A xucM 8 npU3MaHUH!
ropusont 6usan @ = 30° 6ypuak Tawku/a STyB4M EH EFd Gy#aab
npu3vara wncbatan v, = 2 m/c Te3snuk GujaH pactra cupnasa 6o -
aapnu. Hly najiTna npusma CHATHK FOPU3OHTaJA TEKUCAUK OYHaal
yanm TOMOHra ysrapmMac @ = 3 M/c® TesjaHum OW/IaH XapakaTtaa-
Hanu (15.5- pacm). A xucm 6uaan mpusMa &u €FM Opacuaary ui-
xananui xodpduunents f=0,1
£e6 oaub, MUCMHHUHI MpusMara
HuCcOaTad xapakard Ba npHsMa
€n €rura kypcartaaurad 60CHMH
AUHK/IAHCHH.

Eaum. Ky3ranysuu KOOpAH- 5
Hata GOWIMHM MOAJAMH HYKTa —
Ze6 KapanyBud HACMHHHT Ooul-

NaHFNY xoJsatugan o0.u6, Ox
YKHU nipusManuur éu éru 67inab ez ,
nactra TOMOH HyHanTvpamus. A 15.5- pacu.
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HUCMHHUHT Npu3amara uuchatan xapaxary HuCOuii xapaxkarias, npus-

Ma Oujan OUpaMKAA @ Te3JaHWil GHJAaH uATapu/aaMa xapakaTd 3ca
Kyuupma xapaxkardan HOopaT. A KWCMTa YHHHT OFHPJHK Kyidu

-

G = mg, umkasanuw Kyuu F, npnsma éH EFUHMHT HOPMAI peaK-
—_

unsa kyun N tawcup atanu. A RyKTa HUCOWH XAPAaKATHUHUHT AMQ-
(epesuras TeHrsamasapuHu TY3ul y4yH Oy KyuJap Karopura ky-

YUpMa XAPaKaT unepuus Kyuu ® = — mw Ouaan KopHOAKC uHep-

uua kyuu @, Hu KYwu6 oani kepak. Kydupma xapakar wiarapu-
JaMa xapakar O6yaranu yuyHn Kopuoauc Tesaanuiiy HOATA TeHr,
punobapuu, Kopuosuc HMHepiLHsl Ky4H XaM HOAra TeHr.

Kuem Ba npusMa 6GMp TeKHCAHWKAA XapakaTJaHraun yuyn
(15.4) kypunnwmaary uucGuit xapaxar auddepeHuHas TeHrIaMa-
JapH Ky#uaaruda GyJaann:

mx = Gsino — F 4+ mw cesa, (L
my = —~Gcosa+4 N+ mwsina, {2)

Hucont xapakar Ox yx 6§iinad conup 6yaradu yuys §1=O, IIyH-
ra kypa (2) nas
N=mlgcosa— wsina) (3)
xocus 6yaaau. Mmkanauuiur Kydw HOpM3Ja peakuyst KyumWra npo-
NOPUKHOHAT OyATaHK Y4YH, YV Kyhuzariya a’uygaadad:
F=f-N=fm(gcosa —wsina).
Bynu (1) ra xyiiu6,

X = g(sina —Fcosa)+4 w(cosa - fsina) 4

TERIJIaMaHH XOCHI KuaaMu3. Macaaa waptiufa OepHAranjiapHu
uHoGaTra osncak, (3) Ba (4) fau Kyfuaaruaap Keau® uyuKamu:

N=1398 H, x=6,80 m/c. (5)
Kucemuuur npuama én érura Kypcatrad GOCUMU  MUKAOP KU-

XarnaH N HOpMaJ/ peakuusi Kyuura TeHr, AYHAJHIIA 3Ca YHra Ka-
pama-gapun 6yaanu.
(B) HMHI UKKWUHUPW TEHIJAMACHHH

t=0 pa x=0, v=1, (6)
GowIaHFUY WAPTIApra Kypa HKKH MapTd HHTerpaJ/afiMus:
x=6,8'%+C,, l (7)

x=3424Ct+Cp |

(6) uu (7) ra kVicax, C, =17, C,= 0 rxenub uuganu. Wyunakh
Kuanb A xncMuuur npu3mara suc6atan HHUCOUi XapakaTu
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15 6- pacwm,

X =342 492 =217t 4+ 1) M

TeHrJaMa Guaad udonanananu.
47-macana. ABCD tyrpun TYpTOypuaK IWAKAMAATH JKHCM €H
TOMOHJApHHUHT Ypraaapuian yTyBun 0,0, ropusoHTan yx aTpo-

¢duna coar cTpeskacu adJAHMIIATA Teckapu HYyHaIuuwna ¢ = 5"!

(9—panuanga, {—Cekynpjga yJ4aHaAM) KOHYHra Kypa xapaxkarja-
naau (15.6-pacm). AC nunaronan 6yina6 §pHAaTHAraH HHCRBYKA
CUNIMK Hafua vuupard m = | kr maccaan M wapuara ysu xya-
raamac O HyKTara TOpTYB4W Xamaa wapua 6unan O HyKTa opa-
cufard Macodara TYFpU NPONOPUHQHAT F = €X KYy4Y TAHCHP KHJa-

Iu, 6yHna ¢ = %1:’ H/m. Xapakat Gowaanuwu ogguaa ABCD

KUCM TopuzoHTtan xouana, M mapua aca O uygrana 6yaub, yHra
OC 6yihuua fiynasran v, =1 M/c HucOui tesauk Oepunamnu. AC
Hafiya admanniu yxu Guaau 30° Oypuak tawkua sraau. Wapuanu
MOALWH HyKTa Ae0 xapal, YHUHT Haiua O6yfinad HucOM# xapakaru
XaMaa ¢ = | ¢ nafiTaa lapyaHUHT Haiua JeBOpHra Kypcarajguras
focuM Kyd4u aHMK/JAAHCHH.

Eudm. 2Kucm Gunan Gupra Kysraayeum Oxyz KOOpAUHATA CHC-
TemacuHunr Ox YKuHM Hafua 6yiiuva, Oy YKHHM yHra nepleH-
Aukyasp xnau6 ABCD rexucawruga Oz yxum sca ABCD Ttexuc-
JMKKa TIepPreHANKYARD PABUILAA YTKA3aAMU3.

M nygrauuur Ox yK 6yiina6 xapakaTd HuCOui Xapakar 6y-
Janu.

— -
M wapuara yHuHr OFupauk Kyun G=mg OGuian Fy= —cx
Kye rvancup STtaad. Haftua nesopu opkaad mapuara KyfdJarad
GoFMannul peakuua KYUYHHH ¥y BA 2 YKJIAp OyiMya TaWIKWA 3TYB-

anaapu Ry, K, opxaiu uponanaimus (R, = 0).

Ulapyanuur Haliua mesopura kypcaranurad GOCUM KYYHHUHT
Taulky/ aTyBYMIapy MHKAOP KuxaTman 2, R, ra rtedr, #iyuanu-
WH 3ca 6y xyusaapra Kapama-xapwn GyJaaau.

lilapuara tabcup sryBum kyysaap xaropura ®, = —mw, ky-
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yppMa wHepuua Kyuu Ouaan ®, = — mw,. Kopuoawc uHepuus
Kyynnu Kywué osamus. Bynaa

malﬁaic_l, z =h‘—=0

at 2 i dt
Gyaraunian, w, = w, = w’xsin30°, wyHnuriex, w,=20,7,5in30°=
= %x KeAuo YHKALH.

-— - -
W, = W, eex1opn M HyKrajau afnasnul yKu TOMOH, W, 3Ca
Oz yxxa napaasex iiynanaau. Y xo.aa:

T, =0 = m= x H, ®,=m ZxH.
8 2
(15.4) xypunnwnars nuddepesuuan 1enraavanapin Tysamus:
mx = —F + @, cos 60°—0 sin ¢ - cos 60°,
my = R, ~ G sin ¢ sin 60° 4 &, cos 30°,
mz = R,— Gcose—Q,.
By Tenrnamanapaa KatHalysym KyYJAapHUHT MHUKIOPABPUHA

xampa y =0, 2 =0 6§auwusn spTHOOpPra 0OACAK, KyHAHAArd TEHr-
JamaJnap xocua 6ynanu:

. mn2 mg . ® ,
= — — —=sin—{, 1
mx X+ 5 sin ¢ (1)
=R,- -’”—g;—@- sin —;itJr '—/1% mu’x, (2)
Osz-mgcos%l—mg—J&. (3)

(1) auddepenunan renrnamanu eyud, mapuyaHwnr nucOuft xapa-
katun¥, (2) Ba (3) nan R, K, uu Tonum MymxuH. (1) nu -Kyhu-
paruua €3amus:

. ‘e % g T
— ——jX=—Z3in—¢, 4
+ \m 16) 2 2 )
(4) TenrsiaMana x osnampard KodhpuUMEHTHH XuCOOIaRMU3:
¢ n? S5 4 n 9z2
_—— e =t e T — - e —
m 16 8 16 16 >
2 3w\ £ T
BunoGapuy, A'= = —2 (lz= = xampa N = — >, p=— Qea-
put, m 16 U 2 ? 2
rHaamaap kupurcak, (4) rtenraama
x -+ kx = hsin pt (5)

Kypurumra xenaau. (5) Tenrsama KapuwHAUK KypcatMmaiiiurad My-
XUTAA MORAMA HYKTa MaxGypuit TeGpaHMa xapaxatuuunr Audde-
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penunaa tedraamacd (14.24) awmp. (14.24) na B =0 ne6 osuncs,
(5) xocua Gynaau.

lyguur yuyn (14.30) ra kypa (5) aupdepenuuan tenraama-
HUHT euyuMH Kyduparuya Oyaanu:

L cos bt -4
i k3

X =X, COS kt—}—%sin kt — "Iﬁsin pt.  (6)

Ré— p'3

Bowaanruu naftaa x, =0, v, = | M/c 6yanwnrn 3BTUGOPra
0aub, (6) 1eHrnamaza xucobaaur uwIapuHM Baxapcak,

=(0A24gn§%-+2J1cosft—-&17yng4)M (7)
xocua G6ynanu. UlyHnnal xuaud, wapuanunr nafga 6yiuda nucbui

xapakaTtu (7) Tenrnama Gunan udoaananaiu.
duau Ry, R, uu anugaamra yramus. (2) aau:

P
Rv=Li”zgsin—l——l/3 (8)
’ 2 2
¢ =1c¢ yuyu (7) nan x = —1,66 M 3IKAHINTHHU adugaafdMu3, (8)
fat=1c¢c x=—166M m=1lxkr, g=9.8 % neb oncak, R, =
c 3

= 10,25 H kenud uugaru. (3) pau:

R,:m(gcos%tﬁ-%k). (9)
{(7) nan BakT éyﬁmqa GupnHYH Tapm6md XocCusa xucobaafimus:

x= 0,424 .2 cos?it—Q 1. —sin~t——3 17« Zcos—~¢,
4 2 2
Oynpan £ = 1 ¢ 6yaragaa x=—42 % By na#it yuys (9) nan
[

R, =—6,63 H xocua 6yaaau.

b. MexaHuk cHcTeMa Ba KATTHK ¥HCM JHHAMHKaCH
XVI 606. MACCAJIAP TEOMETPHUSICH

70-§. Maccanap mapkasu

Mexannk cucTemMa Maccajgapd MOC DaBUHIAA My, My, ... ,M,
oyaran M,, M,, ..., M, MoaAu# HYKTAJapAaH TaulKuW/J TONraH
6yacun., MexaHux cuCmMeMani MAUIKLA 3MYBYL MOOOUL HYKma-
AAP MACCAAAPUHUHE RUFUHOUCH cucmema maccacy Jeiluaadu.
é\/\E)(aHHK cucremMa Maccacudu M Guaun Gearuiacak, tabpudra
HHOaH:

L]
M=Nm, (16.1)

f=1
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CucreMany TalwKua 3TYBYm HyKTaJlapHHHF 6upop O HyxTara Huc-

6aTaH paAuyc-BEKTOpJApH r,, r2, .o, OyJaCHH.
Paduyc-sexmopu

n —

2 miry

nd (=1

re o (16.2)
MYHOCabam Ouaan anukaanyssy C zeomempux HYKma mexa-
HUK CUCMEMAHUNZ MACCAAQD MAPKA3W (UHepyUs MapKasi) oedi-
aaou.

WyHu Tabkuasam KepakKW, CHCTEMAHWHT WHEPLHS MapKasu
MOANMI HYKTA 3Mac, Gajiky TeOMETPHUK HYKTaiup. SIbHH, Mmacca
Mapkasu CUCTEeMaHMHT Oupop MOAAMI HYyKTacu OGH/AAH YyCTMa-YCT
TYWHINK WapT 3Mac (Macanaad, XaAKaHUHT UHEepLUuA MapKasu XaJj-
Kara Teruwmau 6y.imaraH HYKTamaaup).

Mexaunk cucreManu ramgua atysuu M, Moanuil HyKTaaap-
HUHr [lexaprt cucTeMacura uuc6ataH KOODAMHATAJMADHHH X;, V. 24
(t=1,2,...,n) 6unau Gearusaab, (16.2) Hu Wy yK.Iapra npoex-
UUANaCaK, HHepLHs MApKa3WHMHT KOOPAWHATANAPHHU AHHKJ/IOBYH
bopmyaanap xocua Gy.aanu:

n tZ n
2 miX; : myi : iz
| =1 =1 i=1

CucTemanunr wmaccasap Mapkasu Wy CUCTeManard maccajnap
TAKCUMOTUHU Xapakrepaaiiu.
n

— —
o= N m;r, ubona 6unan aungrauysud So BeKTOp cucmema
A
1==1
naccacunune O mapraseqa HUCOAMIH CMAMUK MOMEHMIU Ne{v-
nanu. LyHunraek, cucmema Maccacunune KOOPOUHAMA MeKUCAUK -
Aapuza HUCGamarn CMAmux MOMEHmMALPY

n
Tl

Sogy = \ = MFb Soy: = \ - Mt So,: = N - M
1:1 1=1 i—l

¢dopmynanap Gunan udonrananani.

71-§. Mexanuk cucreMa Ba KaTTUK JKHUCMHUHI
MHEepIUS] MOMEHTIapH

Bupop nykra éku yK arpoduaa aitianma XapakaT KHUJYBYH
XHCM Ba CHCTEMAHUHI Macca TaKCHUMOTWHM XapaKkTepJall YuyH
yJAApHUHT Maprka3 (Kym0) 2a €KW yxxa rucOaman uHepyus mo-
Menmaapu TyMyHUYANapHAaH pofnananuaand.

Mexanur cucmenmanune O xymbea, u YKKQ, © MEKUCAUKKG
HucOaman uxepyus mMomenumaapy O0el, MOC paBulIja, Kyhuiaru
ndosanapaad auuxaanysuu fo, 1, [x KaTTaauk/Aapra anTuaaiu:
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n
lo="Y ml, (16.4)

i=1

L= mlt, (16.5)
i=l1
L= N'mdi. (16.6)

=

by myunocabatanapaa r,, A, d; 6unaH CHCTE@MaHH TAUIKHA 3TYBUH
xap 6up M, uykranan, moc paBuwaa, O gyréraua, u yKKada Ba
T TeKHUCAUKkaya Oyaran macobanap OGearunanran (16.1- pacm).
Oxyz canog cuctemacuHu kupuramus. Kyfuaaru myHocabataaphu
Ty3aMHu3:

1,

L2-

—

' m,Y,2). (16.7)

Na

n
=Nmuxy, I,=

x2 mlxi"h ly, =

y
i

T

1=

Byuaa x;, y,, 2, 6unan M; HyKTanuHr KoopAuHATa1 pu GeruadH-
rau. /oy, [, [, KarTandKNApra MEXAHUK CUCMEMAHUHZ MAPKA3-
dan Kouysiu UHepuyus momenmaapu Aedunand. By karraauxaap
Mycbar, manpui Ba HOJAL KHAMATAAPHU KAOYJA KUAHIIA MYMKUH.
KaTinK »XKUCMHHHI WUHepUHA MOMEHTHHH XuUcoOJallina yYHH Mac-
casapuy Am,, 8my, ..., \m, 6yacan M,, M,, ... M, 6ynrakyaxap-
AaH Tawkua Tonran (16.2- pacm) Ba xap 6up M; O6ysnakuanan O
KoopAuHaTasap 6omuraua 6y.arad macodaJnap r, ra TeHr, KOOpPAU-
saranapu sca (x, y, 2;) ne6 oJcak, (16.4—16.6) dopmyaanapra
acocas, wucMuuar O mapxasra HHCOATaH WHEPUHUA MOMEHTH

[o = ‘\-Am,r, = \ L\’n[(x -+ )’t =+ 2j ) (168)

=1 l=l

AN L
0 Ne—" v
o b
16.1 -pacwm. 16.2- pacm,
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ndonanaH, KOOPAKHATA YKAapura HHCGATAH MHEPUHA MOMEHT/Iaph

n n
/04' = 2 A”l‘{y;‘ 'J(— Z?), /0y = EAML(X% + Zf),
i=1

i=1

n
.2 2
lo, = Z amy(xi + vi) (16.9)
=1
Mynocabar/apiaH, KOOpANHATA TEKHCJAUKAapura HUCGaTaR HHepuus
MOMEHTJ/IApA 3Ca

n n a
Loy =N 3Imz, lw:=NAamyl, [yo,= N amyx] (16.10)
o and

i=1 i=1 i=1
TeHIJIWKJ/AAPAAH AHUKJIAHALH.

KaTTuk mucMuEM 3puanru p = const 6faran 6up xuscau ned
Kapab, M, 6ynakua xamMmuHU AU, necak, Am = pAv; 6yaanu. bByun
(16.8)—(16.10) dopmynanapra xyiusd, Av; XaxMHH HOAra HHTHJ-
TUPUO JUMHT XUCO0/aCAK, XKUCM HUHEPUHS MOMEHT/IAPH yuyH Kyiu-
naru GopMyJlalapHH XOCHA KHAAMH3:

lo = g'r?dm = ("pﬂdV; (16.11)
(M) W)
los= [ (y*+2%)dm = {(yo"+2"1aV,
() ("
loy={(x?+y)dm = { (xp' +2%)aV,
(M) (V)
loz = S'(x’ + y?)dm = S (x0? + y2)dV; (16.12)
(M) 14
lroy = fz"’a’m = sz?dv, ly0:= jy"‘dm = gp)ﬂdv,
(M) V) (M) V)
lyoz = gxzdm = prQdV. (16.13)
(M) )

(16.7)~(16.9) dopmyaanapnan doiinananné lox + Joy -+ fo: = 2[o
Ba [voy -+ Ix0. 4 Iy0, = o MynocaGataap YpuHau GF IHLIMHU KYp-
catuwr MyMiud. HlynuHrnex, KaTruK KUCMHHHT Mapkasjpan Ko-
yyBuYM HHEpUHs MOMeHTAapu KyHuaaru ¢opmynanap Ou/ia aHuk-
JaHanu:
Ly = j oxydv, I,= j” pxedv, I, = f yzdV.
() ) (v

Typau marepuanjan Oup Xua KYPHHHUIAA scaraH OUD KHHC-
JM MHCMAAPHHUHT HHePUHA MOMeHTJapu Oup-Oupuinan ¢apy xusa-
au. Martepuan wmaccacura G6OF/uK Oy/Maran XxapakTepucTHka Cu-
(daTnHAa KHUCMHHHF HHEDUUS DPaLUYCH p, HU oML MyMkun. Kucm-
Huur Ou YKKa HucGaTaH WHepuus Ppaguycu Kyiuzaru Qopmyaa
6u/aR aHuKJanajiu:

Pu=Vm—M-
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Arap Xucmuunr Oupop V¥xKa nucbaraH HHepuus papuycu Ge-
puaran 0yJ/ica, yHUHT 1y YKKa HucOaTtaH HHEPHHUS MOMEHTHHW
Kyduaaru ndoaanan TONKU MYMKHH:

l, = Mg, (16.14)

Xankapo ©Gupaukaap cuectemacu (CH) na unepumns MOMEHTH-
HHHr yJa4oB Gupaury Kr-m® aan ubopart.

L~

72-§. Hteiinep Teopemacu

Teopema. Kammu ocucmnrunez Oupop yxka Hucbamax unep-
HUS MOMERMU HCUCMHUHZ MACCAARP MAPKAZUOAH 0epilazan yK-
Ka napaasesr paspuda ymysiu YKKQ RUCOGMAH UHEPRUS MO«
MEHMULA HCUCM MACCACUHUKZ Yyuby yKAap opacudazi mMaco@
Keadpamiuen KYMAGMMACUHUAZ KYuuARAHUZA MEKE.

Hcbom. C uygra Gepuiran KarrdK KUCMHUHD Maccanaap map-
kasu OyJacun. Depuaran yxuu 2, opkaan Oearnnaiimus. C nykra-
HH KoopauHataaap Goww cudaruza gabysa guaamus. Cz Koopan-
HaTanap YKHHHU 2; YKKa napanie] Kuaub, Cy KOOpAMHATANAD YKH-
HH 3Ca 2z, YKHU Oupop M nyKTaga xecaaurad KHJIHO yTKazamngz
(16.3- pacm). Depuaran »xucMm uxtuépuss M, (6yuma [ =1, 2,...

,1) 6yaakyacunuir Cx Ba Cy yxaap 6§iivua KOOPARHATANAPUHK
.»\.‘ ‘Ba ¥, OpKa 14, YHUHC 2, YKIAH Y30KAUCHHU 3Ca f; opKaau Oe-
runaiaunk. Cz Ba Mz, yxaap opacunaru Mmacoda d 6yacuu. Be-
puaran wuceMauar Mz, Ygka uucbaran unepuna Mmomentd (16.9)
ra GuHOaH:

n n
n

N' Am (i + vi) — 24 N amyy, 4- d? \ N Am. (16.15)

t=l

]
4

i
Ty

i

n
G . )

(16.15) na XAmi(x?+yg) AurmsaM KucwHaur Cz yKna nucGa-
=1

TaH uHepuus Momertugan ubopar. Yuu [c; Gunan G2arunafi MH3.

z 2,

E Ymy = M — xucmnuur Macca- i

=1 4

cu;  (16.3) <¢dopmyaara acocau ST |
‘

n
.\:Am,y, = Myc; 6upox, yc =0 Moo

X
=t . //LS" / g/
Gyarann yuyn Y Am;y; = 0. llyn- / 4% dy,
ot X

i=1
Aak Kuanb ucOOTAAHMINM  Kepak
Oyarau 16.3-pacu,
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lz] =ICZ+Md2 (16.16)

#doaa xeaub yuganm.

73-§. Bup wHHCIH 623U KUCMJIAPHUHT YKKa HHCGATay
HHepUHS MOMEHTJApUHH XHcOoDJall

1. CrepeHHMHT HMHEPUHs MOMEHTH. KYHAaNaHI KeCUMHHUHT
Yauamiapu xyna Kuuuk OYAran MHruuKa GUP MKUHCAH CTEPXKeH-
HUHT YHCA MeprneHauKkyaap 6yaran Oz YKKa HUCOATAH HHEPUUg
MOMEHTHHH aHugJaafiMmus (16.4-pacm). Maccacu M, yaywaury [
Gyaran ctepxennunr Oz yxaau x macodana wodnawran dx 6y-
JArHHUHT MacCacHHH dm, 3HYAUITHHU p Guaadn Gearunafiauk. ¥
xoana: dm = pdx. Hatuxana (16.12) ra xypa:

{
3
[, = x32dx = _ﬁ
0z GYP 3

xocua 6§nanu. Crepxenp maccach M = p/ Gyamwmunn 3bpTUGOPra,
0QJICaK,
Ml
lo,= — (15.17)
3
topmyaann xoCcHa KUNAMH3.

CTep:eHHUHT Macca MapKasuiaH yHra NepneHauKyAnp paBUILAa
gtysuu C, VYKKa@ HUCOATAH HHEPUHMS MOMEHTHHM XucoOaal YUYH
Ulrefinep TeopeMacunaH poinananaMu3s.

(16.16) Ba (16.17) Hu 3bTubOpra o/cak, Kyfingaruy Keaud uu-

Kaau:
Mo

[ A i*
loe,=lo:— M —) = —
b (2 12
Ulynnail gkuaut,
II":.—"—‘ -
12
2. Noupapuil NMCKHMHT WHepuwsi moMmenTH. Maccaci M, pa-
auycn R Gyarad Gup KUHCAW fonka auckHuHr O Mapkasra Huc-
0araH HHepUUR MOMEHTH /o HH KucobaaiMus (16.5- pacM). uckuu

16.4- pacwm. 16.5- pacm.
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Kenrauru dr 6yJras 6up Heua KOHULEHTPUK XanKanapra axpara-
mu3. By Xaaxanusr o3u 2nrdr, maccacu sca dm =g - 2nrdr Ou-

JAan udonanananu. Y xoaza, (16 11) ¢opmyaara kiypa
‘- MR2
2

lo = S rtdm =op- 27:‘r3a,’r-27rp R
n

xocua 6yaanu. lllynnaip kuaub,

AlIR?
lo = 22,

Arap Oz yKHH QHCK TEKMCJWIHra neprneHiuKy.sp pasHuiaa,
Ox Ba Oy yKJapHu 3Ca JUCK TeKUCJHIH ODKaiuW yTKascak, /.=

MR3
lo= 2 6y/uIlK paBLUaH.

Huck cummerpusra sra Oyaranusan [/, =/,; [, uu xucobaainia
2lo= 1,41, + I, bopmynanan golinasanamus:

20, =2lp—1,=1p éku [, =

Hlyunnail kuauo,

Wynra yxwam, paanycu R ra Tedr 6yaraH MHruvka IOMPaBHA
xajiKaHuar O Mapka3ra HHCGaTaH HMHepILUS MOMEHTH YUYVH

lo = MR?,
IonKa TyFpu TypTOypuax wawaunary naactuHkaiuur (16.6- pacMmy

pacMzaa Kypcaluarad KOOpPAHHATAa YKJaapura HHCOaTaH HHepLus
MOMEHTIAPH YUYH

] 2 2 4
oM, L Me oy B
’ 12 3 12

R pasuycap Gup KHHC/AM AOMPABUA UHAUHIDHUHL CHMMETPHA YKU=-
ra nucbataH MHEepUUd MOMEHTH YUYH
/Z = T’

6up xuncau mwapHuar O mapka-
34ra Huc6aTaH HHepUHA MOMEHTH

yuayn

lo=0,6MR?,
O mapxkassnan yTyBYM KOOpPAMHATA
YKaapura nuc6artaH sca
ly=1,=1,=04MR*

(bopmy.naﬂapﬂu XOCH/ KHAKLW MYM-
KHH, 16.6-pacm.

8/2| /2

,////////, .,

N
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74-§. WKucmuunr Gepuaray
HYKTajaH yTyBuYH MXTHEpHI
yKKa HucOaTaH uuHepuus
MOMEHTH

KarTuK »KUCMHH Maccanapu
Am,, Amy,....Am, 6yaran M,,
My, ... .M, O6ynakyanap—mMon-
AMA  HyKTanapAads TeWKHA TOmn-
rad ne0 Kapa6, yHuHr 6epuJaran
O xoopauHata GOLIMAAH YTYBUM
Ou yxKa HucGaTan uuepuust Mo-
MEeHTHHH aHUKAAWHU KYpUb yu-

16.7 -pacu, kamus. Ou yxuunr ByHaATHpys-
M Kocunycaapuuu o, 3, 7 6u-
san Gearuaatimus (16.7- pacm). ¥V xoana (16.5) ra kypa

I, = : Am, - hi.

i=1

Byuna £, 6unan M; HyKTanunr u# yKupad y30Kawru Oearujanran
M, HyKTaHHHT KOOpAMHATAJNAPU X;, ¥; 23, yHuHr O KoopauHATa-
—>

saap Gowura HUCO6AaTaH PAAMYC-BEKTOPH r, Ba « YKruHr Oupauk
AYHANTHPYBUH BEKTOPH U, Gyacuu. Pacmaan ki = (OM,)?—(ON)™
Arap r, Gunan u, opacunaru Oypuaxuu ¢, Ouaan Gearnaacax,

2 2 - .
ON; =r;coso; = ryuy, pevak, f; =ri— (r; y)® 1e6 @&suw Myu-
KuH. ¥ Xoana

n n —_—
ly= EAmihQi-‘-ZAmi["f = (riuy)’]
1=1 1=>

2 2 -7
weaub dugaau. Bysna ri = xj —l—y?—{— 2 Ba roug = xa+y34z
DKAHAUTHHY IBTUOOPra OnCax,

ly= ¥ Am[xi(l — @) + yi(1 = §°) + 2i(1 = 7) =

— 2a3x;y; — 205x;2; — 207y,2))

L4

T

xocun 6yaanu. Mavaymkn, a® + B4+ % = 1. Uysunr yuys

" n n
= a’izl Amy(yi + 27) + B 21 Am (74 20) + 1 ?1 Amyay 4 yh —
n —n n ‘
=223 N dmpxiy — 207 N Amxz, - 287 Y Amiyz, (16.18)
1=1 l‘=-1 l=‘-1
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mynocatat keaub uukann. (16.7) Ba (16.9) dopmyaanapau 3bTu-
gopra oacak, (16.18) Kyiinaarn kypunnuiia €3uganu:

1u= lxa2+1y§2 + Isz - 21.:‘)'“3 - 2[”&'{ - QlyzST (1619)

(16.19) ndonana /,, 1y, I, KUCMHUHT KOOPAHHATA YKJAapHra HuC-
6aTaH WHEPLUA MOMEHTAAPH, /.y, [ [,; 902 XUCMHHHT MapKas-
A3H KOUYBUM HHEPUMA MOMEHTAAPUIHP.

75-§. Wnepuua aaaunconau

Bupop Kartuk xwucM Ba Mapkasu uxtuépuit O HykTtana 6yaran
,, Uy ... 14, yKAap nactacu OCepusrad. KucMHuHF A2CTa yKjaa-
pura HUCOATaH WHEPLUA MOMEHTAApU MOC paBulina ly, lu,, ... .1y,
6yacud. HMuepuus moMeHTaapufad ubopar ywly codsaap Tynaa-
MHUHHHI reoMeTpuk oOpasuuu ussiaimus. Jlacra mapiasuHy K0Op-
AMHA1anap cucTeMacHnunr O6omu Aed kabya kuaamus. Jlactanuur
UXTHEPHUH VKUHKM 0aMO YHH # opKasu Oearuaafimus. KHCMHUHC
yui0y yKKa HHCOaTaH MHepLUHA MOMeHTW [, OVJCHH. I YKAa KO-

opaunarajap 6owupad 6ounad OM = KecMa axparamus

Vi
(16.8- pacm). Arap pacramaur 6apua ykJapu ycruga XaM MOC
MHEPILNA MOMENTJAAPUAAH TY3MATAH WYHAAH KecMaaap axparhica,
KeCMaJapHUHr YYJAapH KasAdaifup CUPTHU Tawkua wuaanu. ¥Yiwoy
CUPTHW aHUKJAARMU <. M HYKTAHHHT KOOPAMHATANAPHHH X, Y, Z Op-
Kaan Oearuna#imMus. ¢ YKHUHr AyHaATHPYBYHM KOCUHYCJAapu «, B, ¥
Oyacud, ¥ xoaaa

=X VT =Y Wil ~=2 =V
o o xV]u, ol vy L, 1 o z]/[u

6¢nanu. by udonanapun (16.19) dopmyaara Kyamus:
ly= T 0, x* + 1,0,y + 11,2 =20 I xy — 2,1, x2— 21,7,z
By tenrauxuu [, ra gxuckaptupuob,
Lo ALy 12— 2/ xy — 2] x2—2] yz = 1 (16.20)

TeHFaMaHU X0CHA KnAaMu3. (16.20) TedrsaMa UKKHHUYM TapTUOAM
CHPTHUHT, XYCYCaH 9A42UACOUOHURE TenraaMacuanp. (16.20) Ounuan

TN

S0 ¥
/
W

A

S S

16.8- pacu, 16.9-yacw.
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ndoaataHyBuUM 3IJIHIOCOUAHMHT MAapKasu KOOpAHHATANap 6owwnia
6ynadu. By sanuncowara uxepyus 344UACOLON NefiRAaNH.

Arap kooOpiuHATA YKAAPH IANMMCOMHMUHT GO  YKAApHaH
u6opar 0y.nca, uHepLus 3INNUNCOUAHUHT TEHTIAMACH

[ x4 [y 4 (2f = 1

Kypunumaa 6yaaan (16.9 pacm). By xosapa wHeplusa 34140COH-
LUHUHT GOl YKAADY HCUCMHUHZ UHepyts OOul YKAGAPU ACHUNALM.
Kucmuunr unepuns 60w yyaapyra nucbatau /g [y, /, uxepuus
MOMeHTAADU LHepyusi Oour mowenmaapy nefuaand. Kypamusku,
MUCMHHHT HHEpUHA 00w Yxnapuia uucfataH MapKasiaH KouyBUH
VHePLHA MOMEHTJIAPHU HOJTA 1€HT 3KaH. Arap XHUCMHHHL HHEpUUd
6Ol YKAAPH WUCMHUHI MacCcafap Mapxaswpas yrca, y yxKa uxep-
yus mapkasui 60w YK nefuvJanu.

HMuepuns 60w yKAapuHUHT Ky@HAary X0cCcasapy MaBXyA:

\. Huepuyua maprasuii Gow Yxu Ywulby VYKHUHZ WXMUEpuit
Hyxmacuza kucbaman Oouw urepyus yxu 0y.raou.

2. JUCMHIHZ CUMMEMPUS YKL YHUHZ UHEPYUS MAPKA3LE
6ow yxu 6y1a0u.

3. JNucmnune cuvmempus mexucauzuza mukx 6ya2an  xap
Kandaii Yk Ywby merucink GUuiaK Kecuwuw Hyxmacwea HucOa-
man uxepyus Oous Yxudan udopam.

XVl 606. MEXAHUK CUCTEMA XAPAKATUHUHT
ANPH®EPEHIMAJI TEHTJIAMAJIAPH.
JAMHAMUKAHUHT YMYMUIT TEOPEMAJIAPU

76- §. Muku KyuaapHuHT xo0ccakapu

CraTuka KHMCMMAA CHCTEMAra TabCUP 3TYBHM KYHU/JapHU TaWKH
BA WUKY KYyuJapra ampaTHIl TYFPUCHAA KUCKAUA TYXTAACAH 3SAUK.
MabayMKy, MeXaHHK CHCTeMAara TahbCHP ITYBUYM KydJap wy cucre-
Ma TapkuOura KHpMadAHraH KucMJAap OpKaau Kyfuarad 6y.aca,
yHAall Kyuaap mauxu Kytaap, CUCTEMA HYKTA4JapHUHHHT ¥3apo
TabCHP KYUaapu 3Ca uuxke kyssap Nedunann. TawmiKu KyuyaapHU
I0KOpU uHiexcna £ xapguu, MIKH Ky4/aapHU 3Ca OKODH HH-
nexcaa ,/“ xapduu (bpanuysua exteriéur —tamiku Ba interieur—
MUKW C{¥3aapHUHT GOWAHFMY Xapdaapu) Kyduw Ouaan Gearn-
aaimus. FE—ramgu kyu, F/—uuka kyu.

Macanan, Kyéur cucremacura xupyBYM IWIaHETasNaPHUHT Y3apo
TOPTHWHLI Ky4J/1apd My CHCTeMa Y4YyH HUKM KyudJjapra Mucona 6y-
Jaa onanu. Arap Kyéwr cucremacunaru GHpoOp MJAHETaHUHT Xapa-
Katu ypranusaérrad 6y.ca, 10ALY3NaPDHUHT TOPTHUIM Tydahan iy
naaHerara Kyduaran kKydaap Tawgu Kyuaap 6yaapu. KyuaapHu
TAIKH BA WUKH KydJapra axpartdw #ucOuil xapakrepra sra, ibHu
6upOp cucrtemMa YuyH MYKM Kyu jJe® xuco6aaurad kyd O0WKa
cucTeMa Y4yH TallKu Kyu Oyauwd MyMkuH. Macaaan, Ky&w cuc-
TeMaCHHUHT XapaxkaTu Tewxmupusaérranaa Epuunr Kyéwra topru-
242
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auil KYUH MUKH Kyd Gygaca, Epuudr ¥3
opburacH 6yinabd Kyéwra nucbaran Xa-
pakaTH KypHJITaHna Oy TOPTHJHII KYy4H
TAaIIKK Ky4aan ubopar.

KypcuMusHvHr  naBoMHUAA M,
My, oo M, MOARME HYKTaAJAPAAH Tall-
KW TOTNFaH MeXaHHK CUCTeMaHWHT Xap
6up M, HyKTacura KyHuaras Tamwgu
KYYTaPHUHT TeHr TabCHP 3ITYBUHCHHH

-F,'E, Wy HYKTaaaru U4kd KyuyJapHuHr

TEr TabCHP 3TyBUNCHHH  F, Ghaau 17.1- pacu.
GearunanMus,

Hara xywaap xyiudazn xoccasapza 3.

. Mexanux cucmema udxu Ky4LAQpURUHE 6OUL BEKMOPUL HOA-
2a meHz, ABHE

R =N Fl=o, (17.1)
annd

Xakukarad, CHCTEMAHUHT XaD KAaHOAad WKKH HYKTaCH TabCUp
Ba AKC TabCHP KOHYHHTa KYpa Oup-OHpUra MUKAOD KUXATHAAH TEHT,
Oup TYFpu unsuy Oyiaab Kapama-Kapliy TOMOHTA HyHAJraH Ky
6usan Tabcup 3tanu. Macanan, M, Ba M, moanull HyKTanapuunr

-y -, .,

(17.1-pacm) y3sapo Tamcup xyuaapusm Fio Ba Fj necak, Fip—
ey Y=Y o ~

=— 5 Ba Fis+ Fy =0. HammanaEF} AUFUHAN TapKubura Ku-

pyBud Oapua uuku Kydaap xydpr-wydr 6yand Kywuauns, 6y Hu-
FUHIH HOJTA AlNaHalLH.

2. Hurxu wyusaprune Oupop maprasea wucbamarn Gow Mmo-
MEAMU HOAZQ MEHZ, SHHU

Mo =Y mo(Fl) = 0. (17.2)

Wukn xydnapuuar 0y xoccacunu ucGoTaaw yuyd ana M, Ba

-

M, uyxTanapuHuar V¥3apo TabCUp kKyuaapu 6yamum F, Ba [,
Kyanapuuur O Mapxasra HUCOATaH MOMEHTJAADUHUHT HHFHALMCHHY
xucobaaiauk. M, Ba M, nykranapuuur O wygrara Hac6atan pa-

- —

LUYC-BEKTOPJApU 7y, ry OVJICHH. ¥ xoJaia:
mo(Fiz) + mo (Fiy = ry X Flat ry X Fly =
= (7, — 1) X Fl, = MyM, X Fh.

—> -,
MM, Ba F{; Bexktopnap koaauHeap OyaraHn y4yH yJapHHHT
BexkTOp Kymaiitmacu noara tenr. Wynnpai xnauno,

}7.10(?11=2) + f_Tzo(—F.éx) = 0. (17.3)
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Mexanuk cucTeManuur xap 6up Moaaul Hygrtack Oua4aH Mas-
KYp cucremanunr OOWIKa HYKTaJapd opacuia najjgo Oyaanurasy
y3apo Tabcup Kyuaapu yuyH (17.3) ra yxwaw wMmynocabaraap
€suw MyMmrud. Lywra Gunoad (17.2) ypudau Gynanu.

HMaku kyunap cucTeManuur Typau HYKTaiapura KyHuJirauauru
YUyH Tapyd yJAapHHHT GOl BeKTOPH Ba GOII MOMEHTH HOATA TEHT
Oyaca~-Aa, yMyMay, HYKH KyuJjap ys3apo MyBO32HAT/A(UyRYM CHC-
TeMaHu Tamkua 3Tmafiau. Cucrema abCo/OT KaTTHK KHUCMAAH nbo-
par Oyarauaa, YHUHr HyKTaaapu 6up-6upura HucOaTaH ypHH aa-
malirypa oaMadiau, OnHoGapuH, abCOAIOT KATTUK MKHUCM MUKH KYH-
JapH MYBO3aHAT/IAIIYBYH CHCTEMAHU TalUKUJA ITALH.

Mexaunk CHCTEMaHHHT MOAANH HYKTANaPHUIa TABCUD 3TYBYK Ky~
AAPHU XaM aKmMU8 BA peanyus KY4Aapua aXpaThll MYMKHH.
Cucremara xyfiuaras OGOFAaHUWLIBD TAabUCHPHHK MPONBIOBYY Kyd-
Jap peaxkuus xyuaapujan nbopar; peakuud KyuJapulaH TawKapu
Gapua Kyunaap akTuB kydsaapra wupaau. CHCTeManusr xap Oup
M, HyKTacura TabCup STYBYHM aKTHB KYUJAPHUHT TEHT TabCup 3TYB-

-
yncunn Fi, peaxuusa KYWIapHHUHT TeHT TabCUD 3TYBUYHUCHHH 3Ca

F} 6unan Gearunafimus. |

77- §. MexaHyK cUcTeMa XapaxkaTUHMHT JuddepeHuHan
TeHrJamanapu

Mexannk cuctema M,, M,, ... M, MOAZUA HYKTaJADAAH Tall-
KHa Tonrad Oyacud. Cucremauuur xap 6up M; nygracara gyhua-
Fa8H KY4/JIaDHH TalIKK BA MUKHM KyuJapra axpaTtu®, yJaapHUHT TEHT

—bE -.I
TABLCUP STyBUMJapunu, Moc pasuwmpa F; Ba F; ne6 oaub, Oy
HYKTaMap y4yH AdHaMUKAHAHC ACOCUH TEHTJIAMACHHHW KYylivaaruua
€30I MyMKHH:

ma, = FEVFL (i=1,2,....n).

M, nyxra paanmyc-BexkTOpu r;, JlexkapT yKJapuiarn KoopAauua-
Tanapu x;, Y, & 0yacau. ¥V xoana, oxupru udona

> RE T ,
miri=F,-~!—fi, (L=],2....,fl) (174)
Kypunuwaa ésunanu. (17.4) tenrnamanap cucTeMacH MeEXawuk
cucliemMa XapaKamuHiune ouggeperynar meHeAAMarapunL 8er-
mop yeyada ugodaaqus ACHMAAU.
(17.4) rtenrnamanapuu [lexapr xoopAumaTa YKAapura npoex-
uuANanMU3:
y £ !
m;x; = Fir—l— Fix,
E ! .
m[y,= Fiy+Fiy- (L=1,2,...,fl) (17.5)
v £ !
m, 2, = F;+ Fr. ]
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(17.5) TeHT12MaAAD CUCTEMACH MEXAHUK CUcmeMme xaparami Jug-
gepeHyuan MeEHZAAMANAPURNHE roopdunama ycyauda ugooa-
AqHrwme pefnaan.

Yuyman, (17.4) éxu (17.5) Aunddepenuuan TenraaManap Cuc-
TeMACHHU MabayMm OoWINaHFRY WAPTJAap acocuaa euul, CHCTeMma
xap OMp HYKTACHHMHI XapaKaTuuu aHugaamw MyM™MKnu. (17.4) sa
(17.5) nadH KypamMuskH, A Ta MOJAINA HYKTalad nbopaTr cucteMa-
HUHT XapaKaTH BEKTOD yCy.ala n T4, KOOpPAUHATA yCy/auaa 3ca 3n
ta auddepenuuan tedraamaaap 6uaad udonrananud, 6y Tenraa-
MaJiap CHCTeMaHu TallkM/J 3TYBYM MOALMIA HyKTaj1ap coHura GoF-
au¥ 3xkan, CuCTeMaHu Ty3yBuW MOARMA HYKTaJap COHH OPTHllM
6uiaH  Ma3kyp TeHrJamanaprad QoijadaHnul MypakkabJauuinm
tabuuft xoanup. Lynunr yuyw 6y Tedr.samMajapHu CHCTeMa AnHA-
MHKACUHUAT OUpuHYM €KY UKKHHYKH MacalacHHM euuiura TaTéuy
THUIAAH aBBaJ, YJAAPHHUHT IUAK/AH Y3TapTHPHAUG, AMHAMUKAHHHT
YMyMHH TegpemaJsapu €xkH NPHHOMNJAAPHTa KeJTUPHIalH,

78-§. UKkn wucM Mmacanacu

Maccanapu m, Ba m, 6yaran sa OYTYH OJaM TOPTHIUWIU KO-
HYHH 3COCUJA aHHKJIAHYBUM Kyusap Tabcupuaaruw uxxura M,, M,
MOAANHA HyKTanapaan ubopaT MexaHWK cuctema xapaxatura (17.4)
nuddepedunan TenraamManapHd TaTtOMK 3THIIHE KypaHauk. By
HyKTanapHyHr Oup-Gupura HucOarad xamad cucrema Maccagaap:
mapkasy C Hykrtara uuc6ataH xapakaTHHu yprasamus. By maca-
Jara uKKw oucm macaracu Lednaanu.

Bupop Oxyz unepuman cucremara wucbatam m, maccaau M,

-
HYKTaHUHT PajnyC-BEKTODHU r,, M, maccaid M, HyKIauuar panu-
-

YyC-BeKTOPH r.; O0yacun (17.2- pacwm). M,_I"W3= ;;——r, BEKTOPHH r

-
opxa/ad Cearunaimus. r eexktopuu M, Hygranuur M, ra nuc6a-
TaH PaAMyC-BEKTOPH XaMm AefHill MYMKHH,

M, Ba M, mopnnit HyKrajap OGup-GHPHIA MUKLOP KUXATAAH:
TeH! Ba Oup TyFpu uu3ug GYinab Kapama-Kapwy ToMoura Hydan-

— —
rai f; Ba £, Kyunap tabcupuja 6yaanu. Bytyn osam topramu

KoHyunura kypa .

Fi=Fy=1- ”»"r-;i” (17.6)

6yau6 (y — rpaBuUTaLMOH JOH-

Mu#), £y Kyunurr  §#iynaauin

— - 0
pe
ry=-— OupauKk BeKTOp Gu.saH, /
; .
- /i
f, xyununr @ysajanmu  sca 17.2-pacy,
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[—

—r= ——r; 6unan udonanawann. Bunobapun, (17.4) auddepen-

4WaJs TEHr/JaManap Maskyp CHCTEMA yuyH KyHujaaruua 69Jaau:

.o -
-

mym. r
mwimm £ |
. - (17.7)
pn:riz_.w'_m—mﬂ.r"
,!

{17.7) cucTeMannHr OHPURYHN TEHTJNAMACHHM M, F3, MXKHHYH TEHT-
JIAMACHHU 3Ca m, Ta Kyna#tupamus Ba XOCHA OyATaH TeHrJjama-
AAPHUHT UKKVHYUCHAAH OHDHHYMCHHY alfiupaMus:

ae ..

- m. my(m m
m,mQ(rg—r,):——“(--——————“ il L

ARAY

r2
By ndonaHdHrT Xap HKKH TOMOHHHH M, r& Oyaud Ba ry —1r, =7r
IKAHJAUTKRHN 3bTHOOPra 0aub, yHH

myr=—y . 2200 (ot ), L (17.8)

r2 r

Kypunninga é3amus. (17.8) tenrnamanan M, nyxranpnr M, nyk-
tara HucbaTal XapakaTHHW maccacu m, --m, OyJaran xysraamac
dyKTara wucGataH xapakar ne6G Kapaml MYyMKWHJAMIK KYDPUHHUO
Typubau.

Quau M, M, HyKranapsuHr cucrema wmaccanap mapkasu C
ra uucHaTaH xapakatuuu Kypub uukamus. Anbarra, C maccaaap
Mapkasu M, M, rxecmana éraau (17.3- pacm). M, Ba M, Hy;qTa-

JlapHHHr C wyxrara HuCOATAH pPAAHYC- BEKTOPAAPHHH CM —rl,

CM2 :r2 LecaK, CHCTeMa XapaKaTHHHHT Augdepenunan Ttedrja-
Majapu Kypiniaruga €sunanu:

.. -
m F‘__ | ny m, n
Wy = T " T
(ri+ro

" - (17.9)
—- mom., rs
Moy = —| ———— + 2,

(ri+r9?

C nykra M,M, xecmauu M, Ba M; nyk-
Tajap MaccaapHra TeCKapu NponopLHOHA
Gynaxanapra axparangm:

Iy m, . m,

— = — @KH — -—.
r my g my

F N,
2 By Teursugaap xap OMPHHHMHT MKKH TO-
MOHHra GHpHH KYmuo,
r.+r,=m, + my B3 rtre mA-m
17.3-pacu. ry m, r my
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MyHOC&GaTﬂapHH XOCHME KHAHW MYMKHH, By.napzlan
m, + m,

=" e =,
M msy
6y.1ann.
By udonanapuu (17.9) ra gyiiub,

.o 3 ->
i oy my r

m,r, = —-‘«.(_m)_z. . 72._;.‘

] 2 1 1

- 3 - (17.10)-
- my my ry |

Maly = —7 i ‘

(my + my)? r; T

TeHrsaamanapra sra 6ysaamus. (17.10) cucremManuur GHPUHUU TEHT -
JAamacuaad KypuHuO Typubauku, M; HYKTaHHUHT CuCTeMa maccanap
"lg
(my + my)?
raH Kysraimac mapkasra HucOaTaH xapaxar feb Kapaul MyMKHH,
Xynau WyHHHCAEK, UKKWHYW TeHrsaaMajau sca M, HyKTaHWHT
K]

I)ll
(my - my)?
Gy/rarr Ky3raamac Mapkasra HucOaTtaH TOPTUUIMLI KYHYH TabCHDH-
na Oyaaaurad xapakat kabu kapaw Mymkud. (17.10) cucrema
TEHrJ/1aMa1apUHK aJ10XHAa-aI0XUAa uKTerpaniabd, 6y xapakataaphu.

AHUKJAU MYMKHH,

Mapkasura guc6araH xapaxkaTHHU MdcCcacu ra TeHr 6y.-

mMaccanap MapkKasura nucbaran XapakaTAHu Maccacn

79-§. Moaauii HyKTa Ba MeXaHHK CUCTEMAHHHT
xapakat Muxaopd. Kyu umnyancu

Moodouit nykmanune xapaxam muxdopi 0e6, YHUHZ M MAC-

cacu 6a v Me3AUK BEKMOPAAPUHUNE KYAamuacy OUAQH QHUK-

AaKaduean me: éexmopea aiumuradu (xapaxam muxoopu Gabsu-
Ad umny.tec deb xam rwpumuraou).

My, My, oo, M, Monauil HyKTagapaaH TY3w/iras MexaHuk
cucreMa onalauK. Dy HYKTaAapHUHT Te3JUKJA8pH, MOC DaBUllAa:

-~ - -

Uy, Toy ..., U, Maccaaapu scam,, m,, ..., m, 6yacuu. Mexa-
HUK CUCEMAHIL MY3Y84l HYKMAAAP XAPAKAM MUKOOPAAPUHUHE
2eoMemMpPUK QuruROuCUZQ cucmeMa Xapaxkam muxdopu (ummny.io-

-

cu) deitwaadu. CucTeMa XapakaT MHKAODHRM A opxaau Gearn-
Jacak, y xonia:

- n —_—
K= Xmu, (17.11
=1
Mexanux cucrema Xapakar MUKAOpMHH CUCTeMa maccajap MapkKa-
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BUHHHT Te3Auru v, opkaau udopanaw Mymkud. Xagukatad, (16.2)
dopmysanu sbTHGOPra ogacak,

7 oo dr )
Kzt;lmivl §”1 i (Zmrl ‘.—(/H,-c)__”,vc

-
xean6 unkanu; 6ynaa M-—cucrema maccacuny, v,. 3ca Maccaaap
MADKA3WHUHT Te3MUTUHH Hdoranaian. Ulyanan guanbd

= M1, (17.12)

ALHU CUCMeMQ Xapakam MUKOOpU 8eKmopu YHUHZ maccacu Ou-
AQH MACCARAP MOPKASL MEINUUKUHE KyndmMmacaea menez Oy-
2Uub, MACCARAD MAPKAZUHUHZ me3auzu 0Yauda Aynaaadu.

Xapakat MUKILODH XaJKapo Oup/MKaap cucTeMacuaa

Aa

N
yayananu.

Kyunwnr cncrema éxkn monauit nyxrara tascup apdextu cuc-
TeMa €KUM HYKTa Maccach Ba Ky4 MOAyAUraruHa GOFauK G§amai,
KYYHUHT Kanua BAKT OpPadurdid TabCHP KHIHWIKCE xam GOFAHK-
aup. Dynjaait xapaxkTtepucruka cudaTuad KyY4HiuHZ IaemMeHmap
UMAYAGCH EKW YerAu BaKm OPAAUZUOARU WMILYAbCU ONAHANH.

-

-
F Kyu dt sneMenTap BaKT OPaJUrUlla TabCup 3Tranaa b - df

Kynaiirma opxaau wudonananyBuu &S BEKTOp KY4HUHZ IAeMEH-
map umnyrecu A€AUJANN:

ds =71 . dt (17.13)

Kyunudr snemeHTap UMOyabCH Kyu BexkTopH OYAnalb fynasanm.

Kyunuur 6upop [£y, | uexsu BAKT OPEAUTWJIATH UMIYJABLCHHH
anukgaw yaye (17.13) upogaHuur uy BaKT OpPajUCHMAACH HHTEr-
pajn xucobaananu:

~ | Fau. (17.14)

a9
(17.14) un [exapT woopAHRaTa yKJAapura npoekuusnad, Kyd Hm-
YyALCHHUHT WYy ymapﬂarn NPOEeKUKANAPHHH XOCHJ KHJIaMu3:

\Fdxs fFﬂAS det
ta

‘n

Kyy umnyascn H. ¢ = 2 Gunan yauanand,
c

80-§. MexaHux cucTeMa XapaKaT MHKMOPHHHHT
yarapuHuid xaKuga Teopema

Teopema. Mexanurx cucmema xapawam MuxOOPUHUHZ 8AKM
Gyausa Oupuniu mapmubal X0CUAACH CUCMEMA’2Q MABCUDP KU~
AYBUN MAUKE KYLAAPHUKZ 00w sexmopuza mexe.

——————www.ziyouz.com kutubxonasi




Uc6oT. Mexanux cuctema xapaxkaTH Auddeperunan TeHraama-
aapu [17.4) HUHr yam Ba YHT TOMOHJAPWHW MOC paBUIAA KYwub

N =S FEL NF (17.15)

L=1 [Ea}

udonanu xocusa kKuaamus. KMuxu kyuwaapHuHr xoccacura kypa
\
o
i=1

KHJYBYH TAIKH KyuarapHuur 6ow BexkTopunu udonanahau. m, —
n n

X —

. - N\ > _dN
yarapmac, v; = r, 6yArany yuyH Zmlr, =, -t T Harnxana,
(=1 i=1

n
7_' = 0. (17.15) na §f=2',?i — MeXaHHK CHCTeéMara Tabeup
t i=1

(17.15) udopa gyhuparunua €sunanu:

o

d\NY = -

E
— amt, =R,
dft:-l i~i

Byuna (17.11) avTubopra oanuca, yeu
ak _ 7E 7 :

Kypunuwaa ésuw Mymxuu. Ly 6unan Teopema uc6or 6yaau.
Mopnu#t HygKTara TabLCHp KUAYBYM KYYJADHHUHT TEHT TabCHP

3TYyBUHCHHY F AecCak, MOAZHH HYKTA XapakaT MUKAOPHHHHI y3ra-
pumM xakuaard Teopema Kyiugaruya 6y/anu:

—t
d (m v )
dt

= F

(17.16) un dK = R%d!t Kypunuwna &3n6, Oy TeHr1aMaHHHr HKKa-
Jla TOMOHHHU |&,, ] BaKT OpaAulUAA HHTErpajiaiMus:
t

-~ |Reae,

ty

—_— =

K—

e ?

6yunna K,, K—cucteMaHnuHr Moc paBuuina, f,, { naWrtiaprarg xa-
t

pakaT MHKI0pJapH, U\I.?Edt= SE sca rtawku kyuaap Gou Bek-
)

TOPUHHMHT ¢ — ¢, BaKT OpalUrMiard WMMNyJAbCHHE HoAananiu.
Hlyunait kuau6

—_- -

R—Ky=SE, (17.17)
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(A7.17) ndona umnyrscaap meopenacunn udonanaiin: Mexanux
cucmema xapaxam MuKOOPURUN2 HEKAL 8AKM OParuUld y32a-
puu  YHe@ KYIuA2AH mMauLgn KY4AAp 00w 8EKMOPUHUHE ULY
s8axm u4udazy UMNYAbCULA MEH2.

(17.16) Ba (17.17) Hu JlexapT KOOpAMHATA YKJAapura npoek-
1uaaad, MOC paByija, XapaKarT MUKAOPUHHHT Y3rapuuld Xaguaard
TEOPEMAHMHI CKaAAD KYDHHHUIUN:
dK;,

LR, (17.18)

4Kr_ p® 4Ky _pf
y d

dt e

Ba MMINyJbC/Iap TEOPEMACHMHUHI WY YKAApAaruk npoeKuustapu op-
KaJ/1 npoRasanUIIN:

Ke—K, =S5 K,— K, =85, K, —K,,=S7 (17.19)
XOCHJ KHJHHAIH.
Xycycu#t xoaaa, §E=O 6yica, (17.16) nau

K = K, = const (17.20)

wean6 unkanu. (17.20) mymnocabar cucmema xapaxam muroopu-
HUHZ CaAanruu. KOHYHURW udojalaliin: MEXQAHUK CUCTHEMAZA
MABCUP KUAYSLU MAUKL KY4AAPHURE 00Ul BEKMOpU HOA2Q MEH?
Oyaca, cucmena xapaxam muxdopu yszapmac 0yaaon. SbHu
mawky Kytaapeus, gaxam udxe Ky4Lap OuAQHUKHA cucmema
xapaxam MuUKOOpuHu y3zapmupnd 0yAMAC IKAH.

[yuunr ek, Rf = (0 xosuna (17.18) nas K, = K,, = const 6y-
JUITH Keaub quxKanu.

48- macasa. 20 xr MaccanHm CHapaA y3 TPAeKTOPUSICHHUHI 3IHT

0KOpM HYKTacuaa 600 — Teaankka sra GyJaradaa nopriab, 2 ra

C
oyauunn (17.4- pacm). Tlopraamaan CcyHr maccacH 8 kr Gyarad
6upuHuK mapuanuur Tesauru 500 X 6yau6, ropusoHT onaan 30°
C

6ypuak Tamiua aTAd. OFUPAMK Kyd/apHHU BA CHAPSAHWHT nOpT-
Jall BAKTHAArd KYUHIIHHH 3bTHOOPra oJaMad, cHapaa’ HKKHaTH
napuaci Te3JHTHHUHT MUKAODH BAa HYHAMULIM AHMKJAHCHH.

Eunmi, Kysranvac koopausara OOIUMHH CHAPAAHHUHT NOPTJIAII
ojaauparun xonatuna oaud, Ox Ba Oy yxaapuu yTasamus. (17.18)
KyDHHHUILZATH

dK. _ RE aKy, RE
Yy at ol TR
g TenraamaJapHu Ty3amu3. DBynna
A7 A e - R% =0 6yaumu pasman. Orap-
g —— x
2, JIMK Kydu 3bTUOOPra OJIHHMAaraHu
yUyH Rf =0 xequb 4UKaAH,
17.4-pacm. Bunobapun,
280
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Ky=Kgy,, K,=K,, (1)

xocua Gynanu; 6yuna K,, K, 6unan ukku Oyaakka napaanadrad
CHapAl XapaxkaT MHKAODHHMHI npoexunsaapu, K,,, H,, Onuaan
napyaAaHuuIdal asBanru CHApAA XapakaT MHKAODPHHHMHF IIPOCK-
uusIapu 6earuaaHran.

CHapsd TpPaeKTOPHSHHWHT 3HI [OKOPH HYyKTacHaa Oyaraniuiaa
TE3AUrd ropusontTan Oyfinya HyHananH; WYHUHT YYYH O, = U =
= 600 m/c, v, =0.

BuunoGapuHx,

Ko, =mv, K,,=0. (2)
-

CHapsaa OWDHHYM MAaPYACHHHHT Te3JMIUHH vU,, HKKHHUYM [apyacu-

-~

HUHT TE3JIWrvHu v,, YHUHT ropu3onTan OUNaH  TamKua KuJarax
6ypuaruiu « pecak,
K, = m,v, cos 30° + m,v, cos a, |
K, =m,v, cos 60° + m,v;sina. |

(3) na m, Ba m, 6unaH MoOC paBuw A GUPHHUK BA HKKHHYM nap-
YaJapHUHr Maccanapd GeqaruJanra,
(2) Ba (3) Hu (1) ra Kyamus:

m, v, cos 30° +4- myv, cos a = mv, (4)
mv,cos 60° - m,v,sine =@, (9)

(3)

(4) Ba (5) nau v, Oujan o« Hun auugAaw Mymuu. (4), (5) nu
KyAuaarupua ésamus:

Mm,v, COS & = mv — n,v, co- 30°, (6)
myv, sina = — m,v, cos 60°, (7)

By Tenraukaapuuur uan Ba YHC TOMOHAAPHRH MOC pasuwga Gup-
Oupura xaama-xan Gy.acax.
o, cos G)°

tga = —— NS _ 10,9343 éxn o~ —13,5°

mv — mv, cos 30°
Keaub uukaau. ¥ xoana {6) gau:
my — mv, cos 30°

V= ———
mycos a

Bynna m, = 12 kr 6§anwuau abTHOOPra 04m6, xucobaawaap-
M .
HU Oaxapcak, v, =~ 730 ~ Xocun 6yanu.

49- macana. DANUNTUK MasnTHUK CHAJIMK TOPH30HTAA TEKUCAHK
Oy#aab xapakaTjanyBuu Maccacd m, 6yaraH A KucCM Ba Oy KUCM
Ounan [ y3yuaukpard CcTep:KeHb BOCHTACHMAA GOFJIAHTAH My Mac-
caau B okaan u6opatr (17.5- pacm). Bowsauwruuy nafitaa crep-
HKeHb BepTHKaanan p, Oypuakka oraupuaran 6¥au6, 6OWIaHFHY
Te3/JHKCH3 KYy#Hno robopuaran, CTepxeHb OFUPAUIHHU 3BTHOOpra

www.ziyouz.com kutubxonasi 25k



oaMall, A IKHCMHHHF CHIKHIUMHH
CTEePXEHHWHT BepTHKaAnaH oFuu Oyp-
Haru o OpKaJu uponaNaHr.

Eupmwi. O koopauHata Gowwnuun A
KUCMHHUHE OOIIAAHFUY nafiTpard xona-
THAa OAaMHM3. Moxanuii uykranap aeb
Kapaiysuun A Ba B xucmaapaan n6o-

-
pat cucremara Orupauk Kyuaapu U,

Ba U, Xamaa CHMIUK TEKHCAHKHHHT

-
HOpMAJ peakuuacu /N TabCUP ITALHM.
CucreMa xapaxat MUKAOPHHMHT §3-
rapumy  XaKuaaru teopemara OuHOAH
Ky _ pr
e

17.5-pacu.

-~ - —
G,, G,, N tamgun xyusap Beprukan Oyfina6 #yuairanv yuyH
[ o

R, =0 [ewmak, dK,=0 ékn K, =K,,, aBHH CcucreMa Xapaxar

MHKAODH y3rapmac 3kaH. BowsawFny nafitaa cucrema THHY XO-

#araa 6yaraunnan K,, = 0; 6unobapun, K, = 0 xeiub ungaiv.
Crep:xenb Bepruka/jgadH ¢ Oypuakka orraHaa A >XUCMHUHT

—
CHIKHMLWKHY X, TE3JUTCHHU U, 1e6 0JaMu3., ¢ OypuyakHHHT BepTH-

KaMJaH COoaT CTPeJKacH xapakarira HucGaTaH Teckapu TOMOHra
ysrapuwuee  mycbar #Aymanuw ge6 xapadimus. By nadraaru B

HYKTa Te3JuruHn Vg IecCak, y

- - -
Vg = Uy, + Vg,

popMysianad anugnanann. Bynna AB crepxensuur A atpodupa
aiilaHu Gypuak TesqurnHu o Gujau Gearnaacay, vg, = Uy Vg, =

=/ - 6Yynaan. Keiiunry naft yuys cucrema xdpakaT MUKIOPUMHHA
XHCOO1afMHU3. J

-

—_— -— - — -
K=muv, - myvg=muv,+ mz‘ Uge + vﬂ,).
By ubdonanu Ox yKka npoexuuanafmus:
Ky=mv, +my(v, -+ lwcosg). (1)

X

d u <
(1) na K, =0, v, = — 9= d-j OyaumuHy 3BTHGOPra 0cak,

dx dy
m my) — -t mylcose<L=90
( L+ Q)dt i 2 cPdt

xocun 6¥napu. Oxupru udonanu
(m, 4+ m,)dx = —mylcosede (2)
252
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kypuHHBIAA &3u6, (2) vy x =0 A2 ¢ = ¢, OyadwuHy 36TUGOPra
oNub MHTErpassaliMu3:

x '
(m, + m,)a(‘dx = —m,l § cos g dy.
Do

Bynnan Ky#nparn xocua 6yaanu:

my . .
x= —2—[(sino, — sin ¢),
m o+ m, { o %)

81- §. Y3rapyB4aH Maccaju XUCM XapPaKATHHHHT
JupdepeHuran TeHrJaMacu

Hasapu#l Mexanukana acocan Maccacu ysrapmac 6yaras moa-
AU HYKTa, KaTTHK XKUCM EKH MEXAHHWK CHCTeMaJapHHHT Xapakar-
Japu  ypranunand. JIeKHH xapakar JaBoMHAa 3appadajapHHHC
kymuauimn €K axpanuin Tydalaun mMaccanapy yarapud Gopysun
Moaauil HykTanap €xku KuCMJApRan k§naad MUCOA KeATHPHLI
MyMkud. Macasaad, TYiiunran arMocdepana XapakaTaaHYBUYM CYR
TOMYUCHHUHT Maccacu opTud OGopain. Pakeranuur XapakaTh Bag-
THAa €HULI MaxCyJ0TAapu YHAAH axpaand 4YukalH, PAKETAHHHT
maccacy 3aca xkamailu6 6opanu. Bywnafi xoanapaa xapakaTHu y3-
rapMac maccany HyKTa €x¥ JKHUCM XaDaKaTHHUHT TeHrJamajnapu
Guaan Yyprauuii HOTYFpu 6yaaau. Llynunr yuymn Ysrapysuan mac-
CaJH KHACM XapakaTHHUHT AMddepeHunan TenrnaMalapuil KeaTu-
pud 4uKapamus. By wMacaanauu xan xuaviiAa asBanga 6aéu xu-
JAMHT@H y3rapmMac Maccaiy ME@XaWuK CHCTeMa éKM KHCM XapakaTu-
HUHP KOHYHJApuUra acocnamamusd. YyHOHUY, Maccacd y3rapypuad
HUCM XAPAKATHHH TEKIHMPHIIAA XKHUCMAAH @Xpaand YHKyBYM €xu
YHra KyIHAYBYH 3appanapHu xHCM OuaaH OWUPraJuKLa Xapaxart-
A3HYBYK cucTeMa ned xapasaau. Dy xo0Jra yMyMHil mMacca ysrap-
Maclar KoJapepajM xaMAa xuCM Ba 3appavanad ubopar Gynnaf
CHCTEMA YUYH Maccacu y3rapmac OYJaraH cucrema Xapakart MUk-
JOPHHMHT §3rapuisu Xaxuaard Teopema TarOuyK KUAMHMILHE MyM-
KWH.

Kyimaa 6un3 axpanaétran &xku Kywwunaétran 3appanapHuHr
Maccanapy KUYHK B3 dXPANMWABrH KU KYIWMAKILAATH BaKTAap
XaM KylAa KMuumk OyJaran xoanapeuruHa KapaiimMus., Macanara wy
Tapsza €HAOLHNATAHAA KAPANA&TraH WHCM MacCaCHHU Ba TE3JUTUHH
BAKTHHHT Y3AyKCU3 Ba juddepeduna ianyBuu QyHKUusNapu Cu-
(haTnaa onnmw MymkuH., Dynnanm rtamkapu 3appaua xucmra xy-
IJMAMACAaH aBBas E€xku KYWuJAraHAaH CYHr y xucd Guian y3apo
TabcupAguiMaliiy, ne6 Kabyan KuraMus.

BagkTuunr OGupop £ nafTuAa KHCMRUHD Maccacu m, abCoJIoT

Te3AUrd v, KYMUALUraH 3a3pPayaBHur Wy nafThaary maccacu Am,

abcoaioT Te3auru aca u Oyacur. Ulynnall kucwm Ba 3appauanan
HOOPAaT CHCTEMaHHHT f nafiTaaru Xapakar MHKAODH

if= m;+ Am;
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6yaanu. Bupop Af BayT opajKruaa 3appaya KMCMIa KYmujCcud Ba

YHHHT Te3jurunu Oupop Av mMux/aopra ysraprupcus. ¥ x0442
Oyunaft cucreMaHusr £ -+ Af MOMeHTAAru KapakaT MUKIAODH

K+ AK = (m + am) |7 + a7)
6ynann. Bysaan
AR = mAw - Am'o — )+ Am - A3,

By udopauudr ukkana tomodudu Af ra 6Yaud Ba Af HU HOJrd
UHTUATHPUO JHMHUTTA YTaMus:

AK A v Am- Ay
hm——[g—:lmmv - lim —(—)—{—lm n e,
A0 Af Aty Af A+ 0 At at=0 At
—
. Am.Av "
lim ———— =0 6¥aranu yuyu oxupru MyHocaGarjaH
At -0
dK ( )
—_— = m — v —u
dt + dt
Oynanu. NapakaT MUKAODUHUHT y3rapuilH XaKuiarg Teopemara
dK

acocat m Hdona yprannaa€rrad cucremara TabCHp KHAYBUHM Kyd-

JaPHHHT TeOMEeTPHK HuFuHAucura Tenr. By fiurunauan F opkaan
Gesruaacak,

I~ - <
LRSS ) Ly~ (17.21)
dt t
xocua Oyaany. h—0 = uo Gearuaab, (17.21) renrsamans
m—_F+""’” t (17.22)

dt

Kypuuuuraa €samus, Bynaa «, — 3appauyaHuur kKucmra HucHarag
~ odmo

TE3INUTUKA OUAAMPANH. ;- m KYynafiTMaHUWHT CHPMTH KYY OUpAu-

ru O6unan Oup xuanup. ¥ peaxmusg kys neiunasn. PeakTus Kyuy-

nn R opKaau Oearuaat, (17.22) tenrnamanu
m ~F+R (17.23)

Kypunuwaa €3amus. (17.23) resrsiama yszapys4an Maccart sucs
Xapakamunune ougpepenyuar menzramacu éxn Mewvepcxuil

menzaamucy peinaany. (17.23) na ;=0 sa %:O (aBbHu m==const)
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peb oJacak, yHAaH y3rapMac maccand MOANWY HYKTa XapakaTHHWHT
audpdeperuuan tenraamacu (HpioTOH TeHr1amMacu) keaub uumKanu.

Arap dﬂ >0 6ynca, HYKTAHHHT Maccacu opTtud Oopaau (3appaua-

aap rgyumnazm) <O 6%/nca, HYKTAHWUHT Maccacu KaMaiuo

fopanu (3appaqanap ampanann).

Mewmmepckuil Teprsamacuza TAWKW KYYNaPHHHT TEOMETpPHK
AMFVHAKCH HOJAra TeHr OyArasia xaM y3rapyBu4aH Maccaiu HYKTa
Te3JdHuIl OUNaH XapakaT KUAHIIN MYMKUHJAMCH KypuHuG TypHO-

A4, XaxukaTtaa F=0 6yaca, (17.23) nan gyfinaaru xocua 6yaanu:

dv B
" =R
Yarapmac Ba ¥3rapysBuan Maccanaum muCMIAP—MOAAMH HYKTa-
Jap X3paKaTAAPUHUHT CUD-OMPUAAH MPHHUMANAL (DAPKAAHUILKHY
KYypCathll yuyH Oup MHCOA KeaTHpaMmu3. PakeTtanunr Tawxu kyu-
Aap Tabcupyu OyaMarad madTaarn XapakaTuRH oaadsuK. Euum
MaxCyJsOTJNaDUHMHT PaKeTa COMJIOCHAAH &paanb uuxaérraniaru
Te3AUCUH HOAra Teur OYacuH. Dynpa yy3aranvac cucreManard Ky-
3aTyBudra EHUI MaxCyaoTAapy COMJIOAAH 28X PAAraH xofiga Koaub
keraétranjex kypunaau. (17.22) ra kypa 6y xonna
do  stm o dlmo]
dat dt dt

= 0 éku muv = const

Oyaagu. Papas xuaahauk, f=0 ma m=m, v JJ; ByacuH.
¥ xoana

-+ I e "y 7>
mY =i,v, €k U= —u,
m
xocun 6ynaau. Kypamusim, Exuarunusr capdaanuiuy xucobura
éxu 6owka cababaapra kypa paxkeTapuHT Maccacu kamapnb Gopca,
YHUHT Te3Jurd owud 60palu Ba akCMHYA, PpaxkeTAHUHI MAaccacu
owub Oopca, ynuar Tesauru xamailinGg Gopaan. Paxerara xatra
Te3auxaap Oepuwl yuyd yuu «¥m GOCKHuAM KWUAMG rcanagu. Pa-
KeTanuHr xap Oup O0CKMU# y3uAaru EHm/IFH TaMoM Gyarau asTo-
MATHK paBullAa pakeTazaH axpastanu. Dyugaf axpam HaTHXa-
CHAZ pakeTd fHA KYwHM4d Te3 UK OJaRH.

82-§. Mexanuk cucreMa Maccajiap MapKa3wmHUHT
XapakaTd xaKuiaa teopeMa

Mexauuk cuctema xapaxar MI/H{ILOPI/IHH CHUCTEMa Maccanaap Map-

Ka3UHHHI Te3Nurv OpKaJu K Mvc TcHPAMK. 6uadH udonasaw
MyMKHH 3au. Dyun (17.16) ra xgysinuk;

d —> K
—(Muve)=RK".
i c) <
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_ 11-(;(. -
byHJla E_ =‘wc— Macca MApKasUHUHr Te3JaHHIWH 3SKaHAUTMHUHU

3BTHOOpPra 0JCaK,
Mw, =R (17.24)

xocua 6yaazu. (17.24) myuocabar cucmema nsaccarap MaApKa-
3uHUKZ Xapakamu xakudaeu meopemany udonaaanau, (17.24)
HY MOAJAMH HYKTA INHHAMUKACHHHHI ACOCUil TeHrsamacH 6uaaH
TAKKoCaAa6, Maccajap MaprKaswpuHr XapakaTu XaKuaaru teopema=
HU KYWHIArHYa YKUU MYMKWH: CUCTMEMAHUHZ MACCAAAD MAPKQ-
30 MAcCcacl cucmema Maccacuza MeHz 8a CUCMEMA KYKMAAd-
pua KylLuszan mawKku KYLAQPHUHZ 00Ul BEKMOPI MABCUPUOARLL
M000uit Hyxma xabu xapaxamda 6yaadu. CucTema Maccanap

MapKasuHUHT PagHyC-BEKTODUHH ;'L. 6unan Gesrungacax, (17.24)
udona

.e

Mr, = RE (17.25)

KypuHHWIAA €3uaagu. By mexanux cucmema maccarap mapra-
3u xapaxamurune ougppepernyuanr mernzaamacuoup. (17.25) Bex-
TOp TeHIJaMaH¥ KOOpAMHATA VyKJapura npoexkunsanad, cucrema
Macca/jap MapKasu XapakaTWHUHT CKaAsip TEHT/1aMajapHHU XO0CHJ
KUJAUI MYMKHH:

Mxc = RS, Myc=RS, Mzc=R5 (17.26)

E
ByHna x¢, Yo, 2¢ — Maccanap MapKasdHUHT KOppAuHaTazapu, Ry
Rf, R% sca Tamku Kyunap GOUl BEKTOPHHUHT KOOPAHHATA VK-

Japuaary npoekuusgapuanp. Arap RF=0 6y.ca, (17.25) Tenraa-
MaziaH

Mz-fc =c-5nst /

éxu RE=0 xonuna
Mwo¢, = const

keaub unkann. eMmak, mawku rysaaprune 0ow 6eKmopu Hoa-
2a meHz 6yA2aH0Q CUCMENA MACCAAAP MAPKQASUHUHEZ me3auzl
y3zapmac 6yaadu. \lynnuriex, mawxu Kysaap 00w 8eKmopiL-
HUHZ 6upop Yxoazu RpOoeKyusacu HoAza mexe Oyaca, maccaiap
MAPKA3N ME3AUUKUKE WY VK02l NPpoeKyuscl y3zapmac 63aa-
OJu. XycycaH, BAKTHUHI GOWIJMAHFUY MalTHAa Maccajap MapKasu-
HUHI Te3aJurn Hojara TeHr OyJca, Maccanap Mapkasu OJHHIaH
KOOpJAuHATa cucreMacura nucbatad Y3 XOJaTHHU y3rapTapMadiu.,
Tawxy Ky4yaapcus UYKH Kyuaap OUJAH THHY XO0JATAard cucreMa
Maccanap MaprkasMHM Xapakaira Keatupul OyaMadau.

50- Mmacana. KpuBOWKMN-wWATYH MEXaHU3MUHUHT KopnycH dyH-
JaMeHT acocura 6o/araap BOcutacuna OGupuxrtupuiarad. OA kpd-
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pomun (17.6-pacm) yarapmac o =

= 14c¢”' Gypuak Teaauk Ouaa
afinanagu, OA=AB=/[=05 ™,
6Up KMHCJAY KPHUBOWIMI Ba 1BATyH
Maccanapu m,;= m, =1 kr. B
noi3yH  maccacu m, = 2 K© Ba
Kopnyc Maccacu m,= D Kr eb
0140, KOPNYCHUHT (hyHIaMEHT aco=
cara Gepran ymymui 00cum Kyuu
XaMla xapakar BakThaa 6oaTJaap-
ra TYWaauraH YMyMHd TODH30H-
Tal 3YPUKHI KYy4H aHHKJAAHCHH. ™~

Euypm. OyHaaMedT atOCHHUHT | S 4
. o 777747 BH7A
KOPTyCra KypcaTraH yMyMuii Tab- R L 377

-

CHPH —peakuusl Kydunu N Ounan, 1 b-pacw,
boaTnap OpKaJau KyAuaran yMy-
MUH GOFJAHUII peaknusa KYUJAPWHHUHI TODH3OHTAJ TY3YBUHCH-

By R 6unau  Gearunafimus. Cucremara Oy Kyu/JapiaH TawkapH

a,, G,, Gy, G, Tauwku Kkyujap (MOC paBHlIAa KPHBOW WM, WATYH,
NeJA3yH Ba KOPNYCHHHT OFUPAHK KyuJapu) Tancup 3rtanu. Kysrai-
mac O nykrapa Koopaunara Gouwndu oau6, Ox, Oy VaapHu yT-
Kazavu3. Maccanap mapkasu xapakaTuuu auukqaosuu (17.23) rtenr-
JaMaapHUHr OMPHHUYM HKKHUTACKWAAH QoRnaaHamMus:

Mx; =RE, Myc = RS (1
Byuna
RE=R, Ki=N-G,—~G-G,—G,. (2)

OA xpuBomun, AB waTyd wmaccajJapuHd MOC paBuiiia y.Jaap-
HUHT OFupJanK Mmapxasaapu Cy, C; HyKTanapra, noJsyH MacCcacHHM
B nyygrara, Kopnmyc maccacunu -y Hygrara Kyiujarad ne6 xapao,
(16.3) dopmyaara Kypa cucreMa Maccasap MapKasuHUHT KOODAH-
HATa/JapHHM AHHKJAAAMU3:

mixy - mc - maxy 4+ myx,

my A My 4 my + my, (3}
Y = ml\'l‘i'_”z2y2 + msys + MY,
my + my + mg 4+ m
6yuna (X, 1), (X2, ¥3), (Xs Vi), (X4 ;) Ounam Moc pasuwa
Cy, Cy, B, C, HYKTANAPHUHT KOOPAHUHATAAAPH OGEJIrUJaHTaH,
Pacmnan ¢ofinanannd Kyluaaruaapad aHUKAQdMU3:

Xc =

) ! ! ! 3
X, = ——sine, y, = 5 €0y, Xy = Y sing, yo= — [cos s,

- A
X3=0, y3=2lcos v, x;,= 0, y,= OC, = const.
Bynapuu, ¢ =wf 6yauwmnuu 3THOOPra oaud, (3) ra Kysamus:
17—-5955 257
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__(my 4 moM sin of ._ {my 4 3my 4 4my)l cose t - 1m,0C, (4)
Myt my+ my+m,” «my 4 my + my + my) :

(4) pap BaxT 6YAM9a MKKHHYUM TAPTHOAM xOCHAanapHu XucobGaai-
MU3:

X =

R L LI T R LS (5)
my + my + my + my Amy 4 my+ my+ m)
M =m, + my+ m; + m, GyAnWIMHK Ha3zapaa TyTuS, (2) Ba (5)
Hy (1) ra Kysamua:
(m, + my)lo*sin ot = R, l
_(m1+3m2 —{;4m3)l<n‘cos<»t = N—G,— G, — G, — G, '
G = mg uu spTubopra oaub, GepuarannapHu (6) ra gKyicak, Ky-
dugarn xocka GyJaanu:
R =98sin14f H, N =(88,2 — 528cos!4¢) H.
Kopnycuunr ¢ynaament acocura Geprad yMyMHuii 60CHM KyuH

MHKAOD xuxaraan N ra, GoaTaapnary yMyMuil ropusonTan 3ypu-
Kunl KyuM R ra TeHr, yJapHHUHT AYHAaJAULIJAADH 3Ca, MOC paBull-

(6)

-— —_—

aa N Ba R ra xapama-xapiuu HAYHaAraH.

83-§. Moainit HyKTa Ba MEXaHHK CHCTeMa XapakaT
MHKLOPHHHHT MOMEHTH

Tesauru v, Maccacu m GYAraH MoOOOui HYKMA XAPAKAM MUK~
dopurune 6upop O HyKkmaza HUCOAMAH MOMEHMU (KUHCMUK MO~
menmu) neb,

— g -

lo=rxmvu " (17.27)
BeKTODP KynafiTMa GuJaH aHUKJAAHYBYM /, BEKTOpra akTuAand.

—

Bynga r—xapaxataard Hykraun O HygTa Gu/aH TyTalITAPYBUM
sextop (17.7-pacm). O nyKranan Te3.MK BEKTOPU HyHainulwra

TYIUMPH/TAH IEPNeHJHKYAAPHHHT Y3YHJMIMHU A pecak, {, Bek-
TOPHUHT MOAYJIH
lop =" -musina= muvh

tdopmy.a 6unaH aHukaanaau. /, BeK-

—

TOp 7 Ba mvU ra NepreHAuKyAsap Ay-
Haaran Gyaub, yruur wmycGaT yud-

naH KaparaHga r BEKTOPHWHT mu
ra Kapa6 sur wv4uk Oypuakka a#t-
AaMUK COAT CTPeAKaCH XapakaTtura
TECKAPH KYDUHHIIHY KePak.
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Modouir nyxma xaparam MUKOOPUHUHZ YKKA HUCGamaKn mO-
menmi 0eb wy Hyxma xapaxam mux0opuiiune bepusiatn ygoaiu
HYKMaza HUCOQMAH MOMEHMUHRUNZ MASKYD YKKA npoeKyufcuza

afimunaou. 1, Ba z yi opacuparu OypuakHu y Ounan Oenaruna-
CaK, XapaKaT MHKAOPHHHMHL yKKa HuHCOATaH MOMEHTH:

I, = mz(m;).) = [,Ccos Y.

Mouaauit HyKra xapakaT MHKAOPHHHUHT YKK& HUCOATaH MOMEHTHHH
xucofbaauifga KY4YHuHr YKKa nuc6atad MOMEHTHHU XxucoOaall Kou-
Jacuian gohnanaunul MyMmKud, Oyuia Kyd BEKTOPU YDHULA Xa-
pakat MHKLODH OJHHALH.

Ulyaunrnek, xapakar MUKAOPUHMHI VKKA HUCGATaH MOMEHTH=
HU aHa UTHK YCyJ/da XaMm aHukJaam MyMKHH. MacanaH, HyKTa
KOOpAMHATANADHHY X, Y, Z, Te3JUTHHUHT KOOpAUHATA YKAADHAATH
NpoeKudsiapuiu ¥, V,, ¥, JA€CAK, KYHAUAATH TEH[VIUK YPHHAU
Oyaanu:

I =m(xv,— yv,).

Maccaaapu m,, m,y, ..., M, TE3AHKAZPY 3Ca MOC paBuija
-> — -

Uy Uy ..., ¥, OyJaran HyKTanapaaH WGOpPAT MeXaHHK CHCTEMa-
Hu onaitiuk. O — 6upop Oearunavran Hyxra OyJacud. Cucmema
xaparam murodopununz O Hyymaza nucéaman 00w MOMEHMU

-
(éxu wunemur momenmu) L, 0eb, cucmema Hyxmarapu xapa-

Kam MUKOOPAADUHILKE WY HYKMAQ HUCOAMAH MOMERMAAPIUHUHE
zeomempur QuruHoucuzd Qiimuaacy, AbHU

" o_

- — a . -
Lo = : my(ma,) = E A m, (17.28)

i=1 Y

6yuna r; 6unan cuctema M, wygtacuuuur O mapkasra HucGaTaH
PaﬂHyC-BeKTOpH Cenrnaadras.

Lywunrnex, cucremaHunr yKka nucOaTaH
KUHETHK MOMEHTH TYyMYHUACHHH KHPUTHIU
MYMKHH;

— n -
L,=np,L,= }: m (mo,). (17.29)
i=1

Mexauuk cucrema Kysraamac YK aTpo-
duna o Gypuak Tesquk Ouaay afAaHyBHH
Kartuy xucMaan u6opar 6yacuu(17.8- pacum).
By oxucumuuHr afianvm  yxkura Hac6aTaH
KWHeTHK MOMEHTHHM auukasafimus. 2Kucm xap %

—r /h

64p M, HYKTaCHHHHI Te3aW HHH TU;, WY HYK-
1a03H ahJandul ykurada Oyarad  macodaHu 17.8-pacu.
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h, Gunan Gearunafimus, 2Kucm xap OUp HYKTACUHMHT TE3JAHK Lek-

TOPW afilasnil  YKHra nepneHAnKysap Texucauxaa €THd Ba

u = hw Oyaniuu 6usra aéu BunobapuH, (17.29, dopmyaara kypa:
n > n n

) - “ o

L,= ‘\_ my(my) = : mao, - h = .\_ m e,

1=l =} i=l

n

N 2 o

Bywna 2 m;hy = J, 6y mwmurn xucobra 0acak,
=1

L.=J, w (17.30)

xocun Gyaaan. Ulynpait xuand, xy3raanac Yx ampoguda aitra-
HY8YU HCUCMHUHZ QlAQRAW YKU’Q HulOaman KUHemuK MOMeHML
VHUHZ MA3KYD YKKQ HucOamarn wuepyus momesmiu OuAar 0yp-
4aK me3AueunHine KYnaimmacied mene.

Monaufl HyKTa €KY CHCT@MAHMHI KHHETHK MOMEHTH KI-M C
Ja yadaHan.

—1

§4-§. CucteMa KUHETHK MOMEHTHMHMHI Y3Tapkiuu
XaKHaa Teopema

Teopema. Mexanurx cucmesarnunz 6upop Hyxmaea HRUCOAMAH
KuHemurx MOMEHMuOQH eaxm Oyiu4a OAuHzaH OGUPUHYL mMap-
mulan X0CuAQ CUCMEMAZA MABCUP KUAYEHU MAUKL KYLAQD >
HUHZ wy Mapxasza HucGamau 6OUL MOMEHMUZA MeHe, SbHA

-
dL, > o
—2 =M

dt
Hcoor. Cucrema xapaxkatu auddepenuunan tenraamanapu (17.4)

HHHI Yan Ba YHC TOMOHJAPHHU I, PaluyC-BeKTOpra BeKTopual
KynalTupamus.

roxm, S SEXEEL X Fl (0=12, ... n).

By TeHraamanrap cucremacudud xaanab kymwamua:
ll n n

N Fixm, £ rr = ¥ AxFE+ N RXFL (17.31)
l=| ars L=l =1

(17.31) TeHrIMKHHHT 4an TOMCHUNM KYRHAaru4a €snil MYMKHH:

n n

b dU l -—r
E ryXm \ rXm, — = \ LA Xm, 'vi) (17.32)
1=l d" l— dt l=l dt
Xakukaran,
n n — n d—>
v g4 > — - - v - [
Z — (rp Xmuy) = L Trexmu, 4 - rom —
1=t 4 roy ot o &
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6UPOK, KOJJAMHEeap BEKTOPJAPHHHI BEKTOP K¥ynaiTmach HojAra

TEeHr, ABHU
n n

g

N\ dry 2= N
xXmu = >

= dt ppar

-

v, X ”11""1 0.

¥ xoanma (17.32) na awnddepeHuuan O6ujaH HUFUHAM YPHHHH
anMamTHpHO é3ull MyMKHHAUTHHI 9bTHOOPra o0Jaub Kyiuaarunu
XOCHJ KHJIaMH3:

n n -
N dr, d N ~, . ™ dlg
a— r,,\rn, =T

1=/

(17.31) na
n -
b roXFE =M

Tamwgy KyusapuuHr O mapkasra HucGatan 60m MOMEHTMAAH HGO-
paT; HYKY KYUYJIAPHUHT Xoccanapura Kypa

< rei Fy?i
2 ryX 1= Mp=0.

Harwwagna, (17.31) udonanan

dl, -

6yau6, TeopeMaHuHr ucOOTH keanb uukanu. (17.33) HH KoOpAu-
HATa yKJapura npoekuusnab,

e _ pmE Ao _ yE dLe _ yE (17.34)
dat dt dt

TEHr1aManapHu XoCuJa kHUaHIn Mymkud. emak, mexanurx cucme-
MAHUHZ 6Upop YKKQ HUCOQMAH KUHEMUK MOMEHMUIAR 8aKMm
O0yausa oaunnzan OGupuriun mapmubinl X0CUAQ CUCMEMQ2Q MA?-
CILp KUAVEUL MAUIKU KYLAQPHUHZ WY YKKa HucbamaHr O0uL MO-
MeHmuza mene.

Anoxupa osuHran Moaau#i Hykra yuyd (17.33) Ba (17.3%)
TeHrJamajnap, MOoC paBullija

— =mo(F) (17.35)
Ba
dl, - dl - di, -
— =mAF), 7 =my(F), 75 =m,F) (17.36)

Kypunvmaa ésunanu. Bywaa mo(F), m(F), m (F) m,(F) ou-
JMAH MOC paBuiaa MOIIAHH HyKTara Ta’bCHp KHJ\quVi quﬂap TEeHTr
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Tabcup 3TyBuucHHuHr O Mapkasra, x, y, 2 Yyxjaapra nHuc6atas
MoMeHTadpH OeATUAaHTaH.

Xycycuit xoana, arap TalWlKy KyuwiapHUHr OMpOp HyKTara €xn

yKKa Hucbatan OGOW MOMEHTAAPH HOJATA TEHT, AbHK ME =0,
M% =0 Gyaca, (17.33) Ba (17.34) naw KYHUAArH Kequb uukaau:

Lo = const (17.37)
Ba
L, = const. (17.38)

(17.37) (sa 17.38) wudonanap wsmexanurx cucmema xapaxam
MUKOOPU MOMERMUHUHZ CAKAQHUUL KOHYHuHL nhonalainu: azap
MEXQHUK CUCMEMaza MAsCUp KUAYEHUL MAUKU KYLAQPHUHZ O~
pop myxmaza (ykxa) Hucbaman 60uL MOMEHMIL HOL2Q MEH2 6N~
ca, cucmeManunez Wy maprasea (Yxxa) HUCOAMAH KUHEMuK
Momenmu Y3zapmac 0jaacn.

H30x. buz cucremanunr O Kyapasmac Mapkasra nHucGatad Ku-
HeTHK MOMEHTUHUHI Y3rapuiiu xagunaru teopemanu (17.33) dop-
MyJaa Ouaan udonsananuk. Arap cucremanunr O Mapkasra nucGa-
TAH KHHETHK MOMeHTH YpHUra yauHunr C Macca MapKasura HHC-
6atan HUCOMH XapaKaTuAAard KHHETHK MOMEHTHHUHT Y3TapULiuHH
xucobaacax, 6y xonaa xaMm (17.33) kypunumparu

. —r

Ao ME (17.33 a)
at

MysocataT XOCHA Oyauiluay kypuld Mymkun. Bunofapus, cuc-
TeMaHHHT a0COAI0T XapaKarilard KUHeTHK MOMEHTHHHHI Y3Tapully
Ousan ynuur Maccaiaap Mapkasura nucbartad HucGuii xapakarnaa-
' Kuperux MOMEHTHHMHL y3rapumu Oup Xua KypuHumipga ago=-
Aanananu.

85-§ Monrauil HYKTaHHHT MapKa3zuii Ky4Y TabCUPHAATH
xapakaryd. 103anap KOHYHH.
buns dopmynacu

Tabcup uyu3HFM JOMMO Ourra
Ky3FaaMac HYKTAJ44aH YTYBYH Kyd~
ra mapkasui kyt pefuianu, Oy
HYKTa 9Ca OJaTia kY4 Maprasu
neb 10pUTHAALH.

Moaauil HyKTaHUHT Mapxasud
KYyu TabCHPHAArH xapakatu ¢axar
OUTTa TeKuCaUKAa coaup OGy.anu.
XakukaraH, Oy X012 MOAAUN HYK-
x  tapunr O KyTOra HucbaTaH panu-

17.9-pacu, yc-gekTopu r O6usad F Kyd BeK-
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TOpH KO/JHHeap BeKTopJap 6y.1u6 (17.9- pacm), FXF KynafitMa

Hoara Tenr OyJamu Ba (17.35) aau [o = const éxu

;.X mo = co'n*st (17.39)

-
Keau6 9uKanu. BexTop xynafTmMaHuHr Koumacura kypa r Ba v

BEKTOPJAP TY3TaH TEKHC/HMK AOMMO F X MU BeKTOpPra mnepneHu-
Kyadap 6ynanu. AmMo (17.39) man xypamusku, Oy kynafitma ys-
rapMmac BeKTOpHU Oepanu, 6uMHO0apUH, YHrA NepreHauKy.aap Gya-
FaH TeKUCJAMK Xam OUTTalo OuTraauruya kKonaamnu. By tekucaukna

3Ca r Ba U BeKTOPJAAp €TaiH, S’bHH HYKTAHUHT XapakaTu caxar
my TeKucauKaa coaup 6ynanu.

Moanuit nyKranu KyT6 Gu/aH TYTaWITHPYBYM PanUYC-BEKTIOP-
HUHT HYKTa XapakaTH 1[AaBOMHIA 4H3TaH 1:03aCH BakTra nponop-
UMOHA/A PABHMILINA Y3rapaau. NaKUKaTaH, CEKTOPHaJ Te3/IUKH! HpO-
aanosun (1.18) dopmyaa

1,
vV, = — = -‘;;- \r {0
HH 3bpTHOOpPra oJcak, (17.39) nau

T X mv = 2mo, = const (17.40)
xocua 6yaanu.

(17.40) nam: T-J:= const &xu

ds

dt

6ynna c—Kyu Mapkasy OMJaH XapaKaTaard HYKTaHW TyTawTH-
DYBYM paAMyC-BEeKTODHHHF HYKTA XapakaTd [AaBOMHIAA 4YH3TaH
103acH. Oxupru MyHocabaTHU MHTErpaJall HATHXACHAA

=|C] =|const}; (17.41)

o, | =

|;.|=0=Ct+co

Keaub uuxanu. emak, xys mapxasu Ouiran Xaparamoazi HyK-
MAHIL MYMAUMAPYELUL PAOUYC-8eKMOPHUKZ XAparKam 0agomuda
4U320H 103aCI 8AKM2A NPONOPYUOHAA PABUULOR Y32apap SKAH,
Oy xocca w3asap xorywu 1ed WPUTHIALU.

(1.15) dopmyaara Gunoan

’ 2 2 at
Oynanm; Gynaa r, ¢—HykI1anuur Kyt6 Koopauuartanapu. (17.41)
HH 3bTHGOpPra oJcak,
2 d\P

r’ — =¢ =const (17.42)
at

263
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6ynaan. By Tenrnamara wsaaap unmezpaan  pefnaaiu. Osanap
unrerpaayaan Golananub HyKTa TPAEKTOPUACHHU YHIA TABCHD
KuayBuu Mapkasufi kKyu Ouaan Oornafiauran auddgepenuunan TeHr-
JaMaHH TY3UWHU Kypalhank. Kyt6 koopaunaransapunuar 6owu O
cudpatnaa kyu Mmapkasuen oJaaiaux, (17.9- pacm). Mapkasuit kyy
€xH XapakaTaary HYKTanaH Kyu Mmapkasm ToMmoH, éxn O Mapxas-
Aad xapaxkaTAaru HyKTa TOMOH fypasran Oy/AUIIM MYMKuH.

- —
HykTa xapakaTtuHuBr mo = £ acocuii tenrnamacuuu (1.32) Hu

Hasapfa TyTud {3apo nepnedauxkyasp Oyarad ro, p, Hynandu-
Mapra npoexuusaAdaMus:

m(r —r-9¥) = + F, (17.43)
m(rg + 2r¢) =0. (17.4%)
F kKyd O mapkasnay M ra gapaG fiymanraunaa (17.43) tenraa-

MaHuHr YHr TOMOHuAA MycOAT HWIOPA, aKC XO0JAda Mandui vo-
pa oamnanu. (17.42) reurnamanu

&L (17.45)
dt X
Kypunumaa ésud,
0=t (17.46)
r
¥3rapysus xupHurTcax,
ar dr dp dr ¢ d /1" du
—_ = e— it —_ = = ¢ — = — |- == -
atr de dt dy 2 dg (r, dy
BA
b d,d / 2 20
uzﬂg=i££=_ﬂhi=_mwl (17.47)
i de' dt dy\det df 2.2 r dy?

xocun Oyaanun. (17.45) sa (17.47) udornanapru (17.43) renraama-
ra xyamus xamaa (17.46) an 3w»THbopra 0aub,

mt*u"(fi-'" tu = + F (17.48)
ge?

Kypunnuira gearupamua. (17.48) ra buna gopatyarace neiiunanu.
By teursama Gepuarauw mapkasuit Kyu opkaad ywdy Kyd TabCH-
punaru XapakaTHUHD TPAEKTOPHSICHAM Ba aKCUHYA, Depuarad Tpa-
€KTOPHA Opxaan ywmly KYUHH GHUKJIAL MUMKOHHATHHU OepanH.

86-§ MaTtemaTux TeOpaHrRIAMHT KHYHK TeGpanuiujapu

Moanuft HyxTa XapakaT MUKIODH MOMEHTHHHHT Y3rapuly xa-
KMIAary TeopemMand KyJanad, ysydauru [ 6yarad, Gup yuu ropu-
sontan Kysraamac O yKKa OHPHKTUPHALAH, HKKHHUYM yuura m
204
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Maceaanw M moaLnii HYKTa OKOH-
Jawray MaTeMaTuK Te6paHrudHuur
BEPTHKAN TEKUCAMKAArH XapaKaTH-
HU AHUKJAUWHH KypuO duKamu3
(17.10-pacu).

Min OFUpANTHHU Ba MYXHT Kap-
UMUK KYYUHU XHco0ra OaMaimus
Koopaunara Gomunn Kysraamac O
HygTaga o0aub, X, Y YKJA4DUHH "\_
pacMaa KypcaTu/Aranjilex HyHaaTH-
pamu3. MadTHUK BepTHKAA TeKUC-

JUKAA XapakarnasraHg  yuyd, Oy

xapakar un duaad Ox YK opacu-

nard ¢ OypYaKHUHC y3rapuwud Ou-

JaH TYJHK anukJ/JAaHand. By Oyp- 17,10-pacy.

YaKHUHr MycOar oprTupmacH Cu-

parnna Oz yKHURT yuynaaH Kapa-

raHAa HYyKTa COAT CTPEAKacH Rxapakatura TeCKapum HyHaJauwna
afinanranna  oaras  oprrupmacu xabya xuiumBagu. MasTuuk-
HH MyBO3anat xoaar (¢ = 0) aan OSupop ¢ = v, xoJaTra
yuKapuo, ynra Hyma XapaKaTu TpaeKTopuAcHra ypuuma Oyfinva

fiyHaATan v = 7)0 GowJanruy Teanui Gepuaraujay xauaai xapa-
KATAdHYIIUHY aﬂnmanmns Tebpanruy xapakarura Bepmxan pa-

BUIIAA nacrra fyuaJjran P OFUPAKMK Kydu Ba #njaard T peaxuus
Ky4d TABCHD 3TalM.
(17.36) ra 6uHoas,
l

= (m+m(ﬂ (@)

1e6 &3nw myMmxud. Tebpaurny xapaxar mugsoputunr Oz ykka
HucOaTaH MOMEHTH KyHuIard TeHrJauK OuiaH aHUKAAHALU:

l, = mol = mol* = ml*s.
r KYTHMRT TabcHp yn3uru Oz yKHH KeCcub yTraHu ydyH mz(ﬂ =
=0 mz(fj) = — Flsing., ¥ xonna (@) ndona xgyhujgaruda ésu-
Jann:
mi*z = —pf sing.

ByHnaa P=rmg SKaHAUIUHA 3bTHGOPra OMG, TEHTNAMAHUET MKKA-
A3 TOMOHWHM m{* ra 6yauw Ba 6apuya XanJdapHU TeHMJIMKHHHL
YAl TOMOHWId YTKA3UUl HATHXKACHAA KYAUNArH TEHrAaMa XOCHJ
Oynanu:

¢ Esing=0 (17.49)

(17.49) mamemamurx masmuux xapaxamunuire Jugdepenyuan
menzramacuny udo.againan. By uu3ukan Oyamaran auddeped-
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LMan TeHr/AaMaaup. Arap MagTHUKHUHT KUUHK TeOPaHUIUAZPHHE
Tekwupanuran 6yacak, sing ~ ¢ ged oauw MyMxuH. Dy xo/1na
TeHrAaMa

Z;+f7np=0 (17.50)

Kypuuumra xesagu. (17.50) Oup KuHCAN, HMKKHHYU TAPTHOIH HH-
3ukau fuddepenudasa Teurgaama O0yaub, y MaTEMATHK MasTHHK
Kuuuk tebpanuwaapunn Takpuban wudonasafinu. (14.11) ra kypa
(17.50) TeHrnaMaHMHr YMYyMHH @UHMH

<9=Asm<‘/%—t+ﬂ:)

Kypuuumaa Gyaanu. Ysrapuac A—MaTeMaTHK MasTHHK KHYHK
TEOPAHUILJIAPHHUHT aMIIMTYyAacH, o — GowanFny  Qasa, (14.10)
¢dopmyaara acocaH A Ba a GOWJAAHFMY WAPTAap OpKalH KyHuAa-
rnya udojanaHangy:

/S, vl —5 ¥
A=} q:g+£-. tgz = gl :—Z.

Ulynnait Kuaub MareMaTHK TeGpPaHTUYHUHT KMYHMK TeOpaHuil-
Japd 3pKuH TeOpanma xapakarian ubopar OYaud, y

v? o, —
¢ = I/‘Pg-l- g—j sin( '/gT t+ arctgﬂk:—o j/gl))

TeHraama 6usnad udoraNaHaAZH.
(14.12) ra acocan, mMateMatTyk TeOpPaHrUUHUHT KUYHK Telpa-
HUJIapy Aaspu gyHujaaruda 6yaanu:

v ,/L. (17.51)
‘ £
51- Macara. Yysuamaiaurad MnHUHr Oup yuura m, = "—23— Mmac-

caan A K ocuarad 6§10, UKKUHUH Yud Maccacu #t, = m, pajuy-
cu r 6§Jran OUp KUHCIH LHIMHADAAH ubopar B8
6aokka Gupuxrtupuaran (17.11- pacm). B Gaokka
Ky#uaran M ysrapmac MOwveHT Tabcupuaa A 10K
IoKopura xyrapuaand. Mnuuur mMaccacuau Ba 6J0K
yKupary VuiKajaHuiiiapey - 3bTHGOpra oadaip,
ONOKHUHT OypUaK Te3NaHWIIH AHUKJIAHCHH.

Eunin. Baokuuur aitiaunm yxuun Ox yx ne6
0106, CHCTeMaHHHI Iy YKKa HBCOATAH KUHETHK

Al o v SR

-

r

VSIS

N2

#  MOMEHTUMHHWHI ¥3rapuiid XaKunaru TeopeManan
ofinananamus. (17.34) ra xypa: \
A
e - ME 1
; L - M (1)

17.11-pacm. A 10K Ba 5 GaokAadw unbopar cucreMara OJAOKHH

g
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afJanTupysuu M MOMeHT, A IOKHMHT OFMDAMK Kyun U, = m,g =
m
=38 G6AOKHHUHT OFUPJAHK Kydu U, = m,g = mg TavCup 3TaiHd.

Cucremara gyiuaran O mWapuupau OOFJaHUI peaKuus KyYUHH

Ro Gunan Gearuwgaiimus. By Tawku xyuaapuuur OX ygka Huc-
6artan 00l MOMEHTHHU XUCODJANAMNK3:

Mf =M= Gyr= L‘M-:’m,gr. (2)

4

Ouan cucremanunr Ox YKKa HucOATaH KUHETHK MOMEHTHHM XU-
cobnaimus, AfinanMa xapakartaaru OAOKHWUHT OGypuak Te3/ urHHM

®, mjrapuaama xapakargard A IOKHUHI Te3JuruHu v OuJad GeJ-
ruaafinuk, ¥ xoJsa

L=L,+Ll,,=mv-r-+Jo,
| .
By tenrauxkna v=w-r, J, = — myr® Gyaniuuu 3bTH6OPra oJ-
CaK, y xyhnaary KypuHuuira xKenanu:

m ! 9
L,= —rlwt — mrfe = mrio.
2 2
Oxupru TeHrMMKAAH BAKT O6YyAnua xocusaa xucobaaimus:

s _ p j—‘: = mr. (3)

(2) Ba (3) udonanapuu (1) ra gysmus:
2 2M —mer
mrie = "
2
By tenrsiamanan OJOKHHHT Oypuak Te3/JaHMUIM aHUKAAHALM:
_ 2M-—-mgr

mrd .

€

87-§. Kyunudr umm. Kyssar

Mexaunkana ukxn Xua yados MaBkyA Oyaud, OupuHYNCH
MOAAUNA HyKTa €KH MEXAHWK CHCTeMaHHHI MEXaHWK Xapaxkartd yJ-
4oBMHM HpoAaAN2NAN. By yau0B Ka~OpHra XapakaT MWKAODH, Xa-
pakaT MUKOOPH MOMEHTH, KWHETHK 3Heprus Kalbu KaTTaluKJAapHH
KHPDUTHII MYMKHH. VIKKHHYUM XMA yJuoB 374 y3ap0 MeXaHHK Tab-
CHpHU ndonanaiian. By yauoeB Kymaacura Kyd, KYY MOMEHTH,
KYY UMIYJ]bCH, KYYHHHI MIUM BA XOKa30/aDHU KUPHTHID MYMKHH.
By ukku xun yayos Gup-6upu Ouaan MaBAyM MyHOCa0araap op-
Kann Goraanran. Macanan, MOLAME HYKTa XapakaT MHUKIODHHUHT
Y3rapvillh YHTa T&'BCUP KWAYBYM KYUHWHT UMOYALCH OUAan yJa-
YaHuO, Xapakar MHUKNODPH Y3rapUIWHHWHT VaAuoBM Oyaasu. bByuna
XapakaruuHr (opMacd ysrapMaifiivm—mexaHuk xapaxkar OowiKaua
Iysnait xapawatra aisaHanaud (xapakaT MUKAOPA Omand €ku xa-

7
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Masiin). MexaHrK XapakaTHWHI y3rapumuaa
xapakar 6up Typaad OOLIKa 1ypra aiaa-
HUUWH XdM MYMKUH: MeX4HWK XapaxkaTHHHT
YAUOBH OYAraH KWHETUK SHEPrus  y3rapuuiu
OuJaH MexaHuK Xapakat Oollka TypAdiH Xa-
pakatra, KUHeTHWK 3Hepruda 3ca 60WKa Typ-
Aarn 3Heprusira alaannwu MyMKuyd. Macanan,
KapLWHWJAKMK KypCaTyBuM MyxuTia xapakatnaa-
HYyBYH KHCMHHHT Xapakar AaBomuaa Te3NH-
rd, NMHPOBAPA HATUKALA KHHETHK SHEPrUACH
XaM kKamapn0 Gopany. KUHETHK 3HePrus Kau-
YaJdK Kamailu0 Gopca, uuKasanum Tydai-
AW COAMP OYATEH UCCUKAWK 3HEPruscu WyHyaauk omubd 6o-
panu. Kypawusku. 6y epna Mexanug xapakar y3rapub, xapa-
KaTHUHT O0WIKA TYpPUFA—HUCCHKAUK OuadH XapakTepJaHyBud u-
3UK Xapaxatra afiiauau. By xo.nna kyunuHr nillM Xapakar ysra-
PHLIMHWHT yauyoBM 6Yau0 XusMaT Ku/adu, S'’bHH MExXadHuk xapa-
Katyuur Gouika OUp lakJAAaru xapakartra aBNaHUIUMHMHT MHKJLO-
pui yauosy cudaTuAa WD TYLIYHIACHHM KHPHTHIL MYMKHH.

®. Jurensc yaununr ,Tabuat AvasexTUKAcH* acapuaa Mexa-
HHK XapakarHHHT HKKM Y/A4YOBM Xakuaa (QuKp opuTuO, xymaalas,
vl xakuna ,Arap MEexXaHuKk Xapakar LIyHYdKM fiyKkoamaca, arap
Y XapaxartHuur OHpoOR-Oup OolIKa opMacura aiaanmaca, xed xa-
YOH Ba X€4 Kaepaa y WIDHHM KeaTupub unkapmaiau‘ ne’ kypcar-
ra" 3fu.

Mexanuk xapakaThuur mexanux GyavaraH xapakarra afiauu-
Y €KM, aKCHHYA, MeXaHHK OyJMaray XapakaTHUHT MeXaHuk Xa-
pakarra agJaHnM  MabayM AyJ opainruag coadp Oyaud, Oy
Xapaén TAbCUD KHJAYBUM Kydaapra GOFJUK.

17.22- pacm.

Mxtu€puit F Kyuuunr OMpOP 4YeKJAU OPATUKAATH HILMHU AHUK-
AW KYYHHHT 3JEMEHTap HuM TylmyHdacMaaH QofinarinaMus.

M wvonnuit Hykra F Kyu TabCMpuaa dr 3neMeHTap BeKropra
Tenr Kyuyuumr oacud (17.12- pacm). F kyu Ounsd dr xjyuuul Bek-

— -
TOPHHHHT CKAARD Kynaitmacu FF KY4HUHe Ar Ky4iudazi 31e MR-
map dww neiunain, Kyunuur snementap ninunnu dA Ounan Ged-
rusacak, Tabpudra 6uHoa,

dA=TF .dr (17.52)

— _—
F Ba dr sextopsnap opacuaary Oypuakhu a 6ujad Gearnaacak,
(17.52) uu xyfinnary xypuanwaa €3ull MyMKHH:

dA = F .- drcosa’ (17.53)
dr = dl pe6 oan6, (17.53) uu Kyhuaarnua nétxouaﬂam MYMEK HH:
dA=F -dl - cosa. (17.54)

(17.54) na dl 6unan M uygrauuur tpaextopus Oyiaad 3/aeMeH-
Tap Kyuuiun Oeqrunanian,

268
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F Ba dr BeKTOpJaapHH MoC paBuumna yaaphuur Hexapr yxaa-
pwnaru npoekuusaapu £, F,, F, Ba dx, dy, dz opkaau wpona-
adcak, (17.52) nau

dd=Fde+ Fdy+ Fdz (17.55)
Kacua Bynanu. (17.55) KyUHUHT 91eMeHTap HUIMHA aHAAHTHK yCya-
aa upopanawnan ubopar.

dr = ot 6yaviiuui na3dapaa tyTcak, (17.52) tewrauxHu

dA = F vdt = Focosa - dt (17.56)
(opMynara KeNTUPUUI MYMKHH.

-

M wmopanii nyxrara gyiuarad F kyudauar AB = [ uexkau opa-

JUKAACH  MIDMHHM XMCODJawna iy OpadUuKuM OUD Heua 3JeMeH-

1ap Oynakua (d{;) napra axpaTtud, Ma3Kyp OpaIUKAArd 3/]1eMeH-
Tap MUJIAPHUHT AHFUHAHMCH Kabu AHMKJALI MYMKHH:

n
A=1lim Y dA,.
al;-03
(17.52)—(17.55) ndonasapun abTuGopra 0.ub, OXHUDPFH TeHT-
JUKHW MHTErpaj opKalu KyAuIarH KYpUHUIIAA €3HII MYMKMH:

@) @& @
A= {aa=1| F.af = | Fcosadl (17.57)
. oy (A (4)
€KH
(R
A= { (Fdx+Fdy+Fdz). (17.58)
(A)

M nygra A xosnaria Gyaran nafituga ¢ =0, B xoaarra yrTran
nagtau ¢ Guaad Oearuaab, (17.96) ra acocaH uyeksad OpaauKpary
R POPMYA4CHHH

t t
A= Fodt = [ (B, + Fyo, + F,0,)dt (17.59)
0 v

Kypusumiaa xaMm ndoaanawl MyMiHH.

Bupop Kyu HIIMHYUHT BakT GUPAUIH RUMAA Y3rapuild WYy Ky4-
HuHz xyssaminn nhonanaiiin. Kyu KysBaTuHMA W Guaan Gearu-
Jacak, tabpupra GUHOAH,

)
W= o (17.60)

(17.52)—(17.56) ndonanapun svtubopra 0146, KyBBATHH GHHKJ/OB=
oy gyduaard MydocafataapHu €3ull MYMKHH,

W= ST = F .0 = Fucosa. (17.61)

(17.61) ra xypa (17.59) udona
209
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!
f

!
= | wat (17.62)
]

' f
K PYHUILHY OJa1H. |

F Kyd ysrapmac OyJaras xycycu#i xoara yuuur AB =1 opa-
auknary vy (17.57) dopMyJiara 6HHOAH KYHHAArH4a aHUKJAa Ha JK:

A=F [ cosa, (17.63)
(17.63) nan kypammuskw, a<% za A>0, a=g— 1aA=0, a>

= - ':— na A<<0 Gynanu.

quHMHr umu xangapo Supsuknap cucremacu (CH) na 12K =

=1H.m na, gysBat 3ca 1 Br=1— =1 Hen OuJsad yJadasaiu.
C C

—

Arap M Monau#i HyKrara TeHT TabCHD 3TYBYHUCH R =

[l;

¥ i

i

>~ -
6yaran (Fy, Fs, <o« , Fs) xyurap cucTemacu Kyhuiaca, menz

mascup IMYLUHUKE Ar 3AeMEHMAD KYHUuL0aZl JAEMERMA) WUl
MaWKL A IMYsLn KYLAQPHUKHEZ WY KY1umoazu 3AeMenmap wui-
sapu GuruHoucuea merz 6yaand, SbHH

n
dAR) = 3, dA(F,). (17.64)
i=1
Xaguxarau,
R-dr=(E,+F, 4 ...+ E)dr =Edr + Fydr + ...+ E,dr

&xu

ll
-

f?.-a’r

-

' Fdr

il4=

> dA(F).

o~
-

(17.64) ra GuHoaH, TeHr TaBCUDP STYBUMHHHI UYEKJH OpaluKAarH
MM yuyH KydAujlaru gopmysanu ésull MyMKHH:

ARy= I AlF) =N A, (17.65)

i=1 =1
88-§. bab3n KyulapHHHI MIUHHH XHCOOJALI
1. Moanui HYKTa OFMPJMK KyYMHHHT HILY. Orupaurn G =mg
Oyaran M moammit mykra A (xo, Yo, 2,) XonaTnas B(x, y, z) Xxo-

Jatra YTrasnaaru G KYUHUHT HmHHM xuUcobaaiMus (17.13)-pacm).
G,=0, G,=0, G,= —mg dyaumnnu 3bTHOOPra osu6, (17.58)
Q)opmynaaaﬂ q)ouﬂanaHaMns
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www.ziyouz.com kutubxonasi




(B)

AG)= | (Gdx+Gyay +

(4)

4 Gd2) = — | mgdz.

s,

Byunan Kyfuiaruy xeanb unkanu:

A(G) = mg(z,— 2). (17.66)

|2o — 2| = A Gearunaw Kuputcax,

mgh, z,> 2,

17.13- pacm, A(E) —_ . g
—mgi, 2, r4

(17.67)

dopmyaa xocun Gfnanu.

(17.67) nan KYpamu3KH, OFUPANK KYYUHUHKZ QUL HYKMAHIHZ
mpaexmopus 0yiiaab ymean iyauca Ooraurx Oyanal, gaxam
HYKManuKne COWMAANFUYL 60 Oxupen NAUmMIqd KOOPOUHAMAAQ-
puziinna G0FARK 3KaH.

2. Mopanil uyKranap CHCTEMAac OFHPJUK KYYJIAPHUHURT WIIH.
M, My, ..., M, Moapuil HYKTAJapUHHHT OFHDJAMKJAApH MOC pa-

—— e —

suwna G, G, ... G, 6yarad Mexauuk cucrema Gepuacun. Masb-
JYMKY OFHPAMK Kyunapu Oy Xoa4a mapannen Kyuyaap CUCTEMACH-
HM TaWKua Kuaamd. MexayukK CHCTEMaHWHT Maccajap Mapkasu
Gowsanruy C, BasuaTaan kefiuury C Basuarra yrrawna, my Kyd-

JAp CUCTEMACUHHHT VILKHE aHuKaadmMus. U, kyyuuur ({ =1,2,..., 1)
vinu (17.66) ra acocan

'Ai = GlZ?'—'Zi)

- 0
6ysnanu. Bydna z; Ba 2, 6unan M, HyKTaHWHr GOIIJAHFHY B Ke-
finnry BasdATAapura MOC anmaukarasapu Gedrunadras.
Arap cucremauuHr Gapuya HyKTajgapd OFUPIAMK KyuJapUHHHT

KypcaTuarag opaaugiary nmuHad A ped bearunaucak, i

n n n
A=}_A,=::G,(z?—zi) \0131 \ 2

=1 i:l

i=1 =

6¥aaau. Cy HYKTaHUHT aNNJANKATaCHHH 2,4 C HYKTAHMHD anniu-
KaraCHHM 3Ca T, eCaK, Macca Mapkasu KOOpAMHATANaDHHH aHUK-
Jail QopvyJsaacura acocan

n
N G-t=
=m0 =

G2, =0z

4
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6ynanu, 6yuaa 0 MEXaHWK CUCTEMAHWHT OFMUpAMrnAMp. ¥ xoJgaa
A =G(zc)— zo)=Mglz, —2.)

Keaub uuKanu., MexaHuk CHUCTeMa Maccanap MapKa3UHUHT Beplite
Kaa 6yfnua KOOPAWHATACHHUHT Y3raPUIIMHU U{.01aM0BuH | 2 — k|

aupmanu f, ne6 Gearunacak, oxupru Gopuy/aiu
A=1G- N,=+MgH,

KypUHHUUIAAZ €341l MYMKWH., DyHaa Maccasap Mapxasu 10KOpvAaN
fnacTra KyuraHuja mycoOar, akc X0.a4a MasH@uil uwopa oaddank,
3. DAACTUKIMK KYUYMBMHT MUK, DNaCInKAUK KYYUHHHED TYFpU
YM3HKAW AYJAN4TH MILWHM aHUKAAWHH Kypuo yukamus Koopauna-
Ta GOWH yuyH NpywxuHa gedopmauuasaumarau xonai garu M ayK-
Tara Moc Keaysud O HykgTawu osaud (17.14-pacm). Ox ykuu #y-
HAJATHPAMH3. MAab/AYMKH, 3/JaCTHKJAMK KYYHHUHT ywmoy yKnaru
npoexuyscH F, = — cx 6ynaau; OyHla C— NPYKUHAHUHT OHKHD-
JUMry, X—HyKTaHWHT MyBo3aHat xonaraad Ox yx Oyinab uerra
YHKHUIK—OPYXKUHA gedopMauUAcuAan ufopar. IDAaCTHKAUK KYyUud-
HUHT AYHaJAWIWM OUJ8H HYKTAHWHT Ky4ull HYHAJMIIA KapaMma-Kap-
wu 6yaraupa 6y xyanuur A = OB opaauxaaru uwy (17.58) ¢op-
MyJara Kypa Kyfinjnaruda TONHaaLu:
A
. \a
A= —c| xdv=—c", (17.68)
b 2
Arap aMaCTUKAHK KYUMHUHT AVHAAULIM OWJIAH HYKTAHWHT Ky4ull
fivHaauwu 6up xua OyJaca. (17.68) udomasa mycbat uimopa OU-
HUINM Kepak.
4. TopTHILIKL KYYHHHHT MUIH. Moaauit HykTaHuar Ep wmapka-
3uaan p, macoda OusaH aHWKAaHyBud A HyKTanaH p, macoda Ou-

JaH aHMKJavyBYM B HyKTara kyuuwnaa Epauur £ TopTvwm Kyud-
HUHD MiAHY adukaafimus (17.15- pacu). Hygrauuur AB Tpaekto-

17.14-pacm. 17.15-pacm.
72
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{

puana p macoha Ou/iaH aHMKNAHYBYH Gupon M xo.satunu oJad-
AnK. HyKTamuHr 6y X0/aTiaH 3JAEMeHTap KYunlWuHH M POAANOBUH

dr
ds fawkua aTysuunapra axparamus. Paswanxy, F Kyusuur do

Kyutwarard uwr O ra TeHr. Y X044a TOPTHWHLI KY4YHHUHT AB
fysaard My

leKTOpUM pacMmaaruiek dp Ba yHra mneprenimkyasp Gyaraw

1)
A= { —Fdp

Po

ubona GuaaH aHUKAAHANN, Oynna F—TOPTHIIKIL KYUMHUHT MOLY-
JH. Y MOZAHH HYKTAHHHT Maccacura TYFpH NPOHNOPLHOHAR, HYK-

tanuur Ep Mapxasuiad y3OKJaurd KBaipaThra TeCKapd Nponop-
m

UHOHAa, HA'BHH F=k7, k — NpONOPUHOHAMIHMK KO3PDUUHEHTH.
Yuu anuxsnawmna moaanh nyxta Ep cuptuiaa 6yaranaa (avuu p= R,
6yuna R—Ep paanycu) TOPTHWHW KYUYH BYKTAHHHT OFHDJMICH ME

ra 1enravrungad dodnananuaasu. Ulynnaid guaul, mg = /z%mpo-

fanaH k= gR* Ba f =gR2.f:—. Haruxana:
P

Py [
A= — S‘ gR-Z ds= gR'm \, d(-‘-):gk’,mfl—l . (1769
7o o b VP ‘i o
Xocun Kuavurad WPORALAH KYpPaAMUSKHM, TOPTHUIMIL KYUHHWHT
iy Myc6ar xam, mandbuil xam Oyadlin MymKuH 3KaH. Arap p,>
>, 6yaca, ssHW HyKra Ep cupTunar ysogJgawca, TOPTHIIHLW
KYUMBUHT Hop Mauduid, p, <p, 6yaradga, abpHM HyKTa Ep cupru-
ra sKMHJAICA, TOPTHIIMII KYUYHHHHT WM MycOar Oyaanu.

5. AlinaHyBYM XXHCMra KyHWArad Ky4HWHT HIUM. Kysraawmac
Oz yk atpoduaa ailnanyBuH KHCMHUHT aliaHULI YKHAAH 2 Ma-

codana érysun M nygracura F Kkyu kyduwarad OyJacuH. By kyu-
HUHT KMCMHHHF OUpOp uekad  6ypuakka
alllaHnwuaary Mg xucobaaimus (17.16-
pacMm). M HYKT@HUHT TPAaeKTOPHUACH aflmaHuIl
YKura nepneHAMKYJAp TeKUCIMKAAry afaa-

HanaH wubopar. £ KYuYHUHr TAOMHH KOOPAH-
HaTa yKaapdaard Talikda 3TYBUUAAPHHH

F.. F,, F, necax, F, Ba F, TaliknJ 3TyBuu-
Jap M HyKTaHWHT KYYMIWIAra NePneHAnKY-
AAp fyHasranu Y4yH  YJADHHHT  HIIAADH

- 0
HOAra Tenr. Buno6apuH, /7 KYUHWHr HUIWHK U
Xucobaaul ypHura fc HUHr WiluHM XuCcobaam 17.16 pacm.
18 - 5955 Q73
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kudosa. M uykranunr di = hde 37eMeHTap KYyHUIMAArH 1—*:11( q.
HuHr snementap umu (17.54) ra xypa yy#uparuua 6yJaanm:

dA=Fdl=F_- hde.
By rteurnuxkna F_-4 xaTranuk F KyuyHuHr O2 yKka HHUCGATaH |MO-
MEeHTHHU Hponanaliau:

m(F)=F,+h.

bunoGapuu,

dA = m(F) - do, (17.70)

ABHU, KY3FaLmMac YK ampoguoa afianyein dcucma Kijliuizan
KY4HIHKZ HCUCHMHURZ dy 3aemenmap OGypiakka aliranuwunidazu
JACMERMAP LU MASKYD KY4HUHZ aiiaHuu YKu:a Hucbamaw
MOMEHMU OUNAH IAEMEHMAp alAAHUU OYPUaUHUKE KynalmMa-
cuza mene,

-—
F KyuHuur xucMm uekau ¢ 6ypuakka ailsiauranparu uwd (17.70)
HH MHTErpaaam OuJiaH aHHKJAAHALM:

P
A= | m/F)-dy, (17.71)

Po
6yHaa ¢, B ¢ XUCMHHHI OOLJIAHFHY Ba OXUPry MalTAard xoJa-

THHW aHuKJoBad Oypuawaapaup. Arap m,(F) =const 6y.ca,
(17.71) nau

A= m(F)(e — ) (17.72)

Keanb 4uKanu.
6. CHcTeMa WYKM KYWIapUHUHT MIOH. CUCTEeMAHUHT HKKU HX-

o N sy =1
Thépuit A Ba B muyKranapura F4 Ba Fjz nuku Kyusap TabCup

- H -7
atcuu (17.17- pacm). Mavayvku, Fa= — Fp. By HKKH Ky4YHUHT
CHCTEMAHHHT GHPOP KYUMLIMAATU 3JE€MEHTAp HIJAapH HHFHHIUCH
(17.56) ra acocal kyfuaardua aHuUKAaHALu:

¥ da’ = Flopdt+ Fhogdt =

FJ g 5 FJ =-F.§3(—'53 —-.’Z-)’A)dt
A 4 © A8 2
73 )
A 3 Pacmaan rp=ra,+AB; ABBekTop
7 AYHAMUWHHY @y OHPAWK  BEKTOP
Ounau auugaacax, rg = ra-+AB a,
17-17-pacw, udoaara ara Oyaamus. ¥V xo.aAia:

274
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‘ﬂ ___2—3 diAB) +AB du,,
at at dr
Bynfan
;B_UA_dMH) o+ AB - da:
Haruxana
1 71 [d(AB) day\
Saa = Fy - (VR ay+ 4B 52 - at (17.73)

-u

-
X0cuJa 6yaanu. a0 GuUpJKK BeKTOp OyJarand yuyu —t" BEKTOD @,

ra Gunobapui, F:’; ra nepnesaukyasp 6¥aagu. LLlynunr yuyn

f-—:l dag

B

Byuu swrubopra oaub, (17.73) man gy#uaara GopMy/JaHu XoCHA
KHaamus:

EdA’ = Fgp-d(AB). (17.74)

(17.74) nan Kypamu3ku, XapaxkaT BaKTHIa CUCTeMaHWHT A Ba
B wygTanapu opacuaaru Macoa ysrapysud O0yaca, HUKH Kyuaap
HILIADUHUHT HHFRHAMCH HOJZaH dapkay, AB wmacoda ysrapmac
O6yaranaa (6yHmail cucreMma yarapmac CHCTeMAa JefiMiafH) HYKH
KyuJadp HUWJADHHUHT AUFMHAHMCH HOJTa TeHr OyJaanu.

89-§. UxTuépuil Kyuldap CUCTEMACHHUHI WU

OpKHH KaTTHK xucMHuur M, M, ..., M, HykTasapura moc

pasuwaa F,, Fy, ..., F, kyunap cucremacu Ky#iujiran OYJCHH
(17.18- pacm). By KyusapuuHr
6upop |, t| BaxT opaauruia-
TH HIIJApUUNHT  BUFUHAUMCHHY
xucobaaiimus. (17.59) dopmy-

Jara acocad F; Ky4HUHT  HlH
A, HU auukIaAMuU3:

3-&4

| S
Ai=.fFi-v,-di.

M

Y

Byuna 1;: ounan M; nyKTaHuHT

T4

Tesaury  Geqruaanrad. Kyt ya Y
cuaTHaa KUCMHHMHT HHEpUHA -~k
Mapxasu O HYKTaHH OJCaK, 3p- 17 0K-paun.
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L4
KWH XHUCM HYKTaCHHUHT Te3/IMr Mg aHuKJAaw popmyaacura kypa o =

=vo+ o X r, 6ysann. Bynna vy — KucM MHepuUs MapKasHHUAT
TE3JUTH, ® — XUCMHHUHT xyTéra HHCOATaH C(pepHK XdPaKaTHHHHT

OHUM O6ypyaK Te3NUK BEeKTOpH, ri — O nygraun M, nykra Oujau
TyTalWlTHPYBYH BeKTOp. ¥ xo0./4a

> - - U ! -
A = j’F,- (ot o X r)dt = (Froodt 4 {w(r; X F)dt
0 io ;0
Oynanu. Bepuaran Kyunap CUCTEMACUHMUT f— f, BAKT OPAAUTH-
lard MWK CHCTeMa KyuJIapHHHUHT ywly BaKT OpaJurHiard Hli-
JADUHUHT HHFMHAMCHTA TeHr. YUynowuw, 6y uinau A opkaau 6ej-
ruJjacax,

n LI S LI N - ' _, LN
A:}:A[:E‘S‘ I'Uodt—i—Ej.w(rIXFi)dt:jfvo :.Fl dt -
= =11, =1 1 i =1
f—s(% > -
F o ‘r,XF,)dt
;2 =

n
- -—
Gyaanm. EF, = R — Gepuaran Kyuiap CHCTEMAaCHHMHT 6OWI BeK-

fl -
TOpH, Z ry X Fy =M, — Gepuaian xyunrap cucremacununr O HyK-
=1

Tara Huc6atan 60w MomeHtuaay ubopar. ¥ xonga

'-& — ’* -
A= " v, Rdt + 5 wM ,dt (17.75)
[ 1.

xocua O6yaaan. (17.75) TeHrAMKHMHF YHF TOMOHMAArH OHpPHHUM
KYIINIYBUM KUCMHUHT YHAQ osunraH Kyt6 OGuian Oupauxna u.j-
rapuaaMa KyuHuuia ucMmra Kyduarauw xyujaap 60l BEKTOPUHHHT
HIIHHA, MKKVHYY KYIIWIYBYH 3Ca, MUCMHUHI KYT6 artpoduaa ai-
AanMa xyuuwuiary Oapua xkyuaapaad KyTora HuUcCOaraH OJIMHTaH
6o MOMEHTHHHI HILIHHW udoaanainu.

(1/.75) ndopanau doinananus, XycyCuii Xon cuathia, IKHCM-
wuHr warapuaama (o =0), O nyxra atpopusa €xu O nykranas
YTYBYM YK aTtpoduia aliiauma xapakataapuaa yura Kyiu/arad
KY9NapHUHT HMIUMHKH XucoOaam (QOpPMYAANdPHHH  XOCHJA KHJAMIL
MyMKHH,

90-§. Monauil HyKTa, MeXaHHK CHCTeMa Ba KaTTHi
KUCMHUHT KMHETUK 3HepTHsiCH

Mooduir nyxma maccacurune HyKmME me3auzl Keaopamuzd
KYNAAMMACUHUHE APMU OUAQH JA4QHYBYI CKAAAP KAMMAAUK
M000uil HYyKma kKuHemuk Ixepezuscy dequaadu. Tabpudra Guxo-
276

www.ziyouz.com kutubxonasi




mu:
aH, MOANUA HyKTa Kuhertuk suepruscu T = oy Myuocabar Gunay

ddonanaHan.

Mexanrux cucmemanuy mawkunr 3Imysqyun MoO00ul Hyxmaaap
CUHEMUK SHEPLUAAAPUHUHE QUFUHOUCU CUCMEMA KILHeMUK 3nep-
uscu deiinaaou.

—

Cucrema xap 6up M, HYKTACHHWHT MAaCCACHHH /M, T3JUTHHU O
necak, Tabpudra OHMHOAH, YHHHI KUHETHK JHEPTUscH

n
7=\ my) 17 76
- HT (17.76)
1=1
popMysa Guaan aHUKaAAHALM.

KaTTHK M UCMHHHI KHHETHK BDHEprusCHHW XuCoGJallja YHH
JUp Heuya MOAIMIA WyKTanapaaH TalkuJ Tonras ned xapab, (17.76)
bopMysanan ¢oitaanannin MyMKuH,

Arap ucM marapujama xapakataa 0y,iCa, YHHHI XaMma HyK-
ranapu Oup Xua Tesaukka sra Oyaaau. Uarapunama xapaxatmaru

KHCM Maccanap Mapkasu 6yamuil C HYKTa Te3JUTHHH ¥, lLecak,
9= v,. ¥ xoaaa, (17.76) nan xyidunaru dopmy.a xocua 6y.1ann:
” ? )
Ve Yo
Tu/u: :ml_g_= ‘?- (1777)
1=
Kattuk xucm Kysraamac Oz yK arpoduia adlnanMa xapaxatia
syacun. XKuem M; Hykracunan (17.19- pacMm) afiaanuw  §iurada
yyaran Macodauuw f; Ounan Gearunacak, v; = A0 YPHHAWAUD
Ilynra kypa (17.76)

T =N\ m.ll" . %‘

ail & g
Ammt

n
> - 2
ypunuwina ésuaanu. Bynna Emih,=/,;
i=i
inpobapuH,

Tane= = 1 0%, (17.78)

-

I'bHH KY3Fraamac Yx ampo@uia aiaarnyeiu /
CUCMHUHZ KUHEMUK SHepeuscl YHUHZ ad- Ve
lQHIW YKUQ HUCOAMAH UHepUUs MOMEH- nr
NUHUHEZ SAPMUHL  cucM  Gypiarx mesaiuzu o
‘gadpamuza Kynaimupuazaniiea mene,

MabayMKy, RMUCMHHHT Tekue napanaes
Ap4aKAtMHE  Te3/JMKJAAD OHUA MapKasnAdH 17.19-pacs.
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VTyBuUK YK aipodpui1a Onnit airanMa Xa-
pakar aed xapaws Mymkud, Texuc napanr-
Jed  XapaKaTAaru OHKUCMHHUHT Te3JNHKAEp
onull Mapkasuuu F, 6y HYKT3AaH YTYBHYH
yKKa HucOartap nHepuus MoMmeHTHHU Jp,
6unan Gearuaacax (17.20- pacm), (17.78)
ra acocau:
i

T =l . wt,

m.n Y .7

17.20-pacm,

lliteilyep Teopemacura kypa
lo, = 1.+ Md*,

Oyuna /,., — MUCMHUHI' MaCCa MapKasHAaH XapaKar TeKHCIurura
nepreHAuKYAAp PaBullia YTyBUM YKKa ©ucOaTaH dHepuusd MO-
MeHTHHH, M — KuCM Maccacuuu, a = PC — yg/aap opacuaaru ma-
cotpany udoranafian.
¥ xo.4a, Texkuc napanjaes XapaxaTAarH KHCMHUHT KHHETHK
JHEPruUACHHR XHCOO/all YUyH KVAuaard (POPMYJaHH XOCHA KuJa-
MH3:
T ==

1.n,

08 4 5 Md'a?

to|—

L | .
Tm. n= ?1”7.": + ?[C: wT, (17.79)
(17.79) paun KypaMu3Ky, MeKiC HAPAALen XAPAKAMOQW ICUCH=
HUHZ KUHEMUK 3HEPRUACUHU JCUCH MACCAAAP MOAPKASUHUHZ K-
Hemuk 3JHepeusici OWAQH HCUCMHUHZ MACCAAAP MAPKASUOAH
ymysiu V5 ampopuda airanMa XapaKamuoay KUHemukK Inep-
2UACHHUAZ AUFUROUCK 0€0 KaApaus MYMKUH.

Xaaxapo OGupaukaap cucremacn (CH) 1a KuneTuk 3Heprus
KT - M2

3

=H .M aa Yauananu.

91-§. Ccepux xapaxkataard XHCMHUHT KHHETHK 2HEPTHICH

HKucuuunr cdepur XapakaTund Xap OoHia Ky3Fa/jmac HYKTaAaH
yTYB4YW OHAI VK atpopuja aityauma xapakar Aeb Kapaw MyMKUH.
BunoGapun, ouuft YKuw {, KHUCMHMHN oHHIl YKKa HucbaTad HHep-
uug momentunu /; necax, (17.78) dopmyaara GuHoan Kyfumaru
xocua Oyaanu:

Top=+ o', (17.80)

P4

Cdpepur xapaxatiaary xucM Gypuak Tesaurn BexTOpuHMHT O
KysFaiMmac HyKkTaaH YTYBYM X, ¥, 2 YKJAPAArd npOEKUUANapUra
KYpPa YHHHT KURETHK 3HEPrusCHHW Xucobaaw (HOPMYNaCHHU Kel-
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Tupub uHKapaiank. YXKucmuu maccanapu Am; 6yaras 6ysakyanap-
ra axpaTtulb, YHHHI KUHETHK SHEPrHACHHH

7= lim v'-Am'm—2

A"’l -0

Jf v'dm
=l M)

— -
k¥punnmaa ndoranamw MyMKuH. Bynna ©?=v.v ypuuau Gyara-
HUAaH

T—=1(0.v dm (17.81)

M)

dopmyaasn &3uw mymiud. {17.81) aa unterpan OyTyH KUCM Mac-
cach M Oy#&nua oauHraH.
Coepux xapawatnary xucym nyxracunuur O gyaranamac myxra-

1
2.

ra HUCOATAH PAANYC-BEKTOPHHH r Iecak, J#tnep dopMynacura ky-
pa: v=m><r-.’5ym4 (17.81) ra xysamus:

Tep== [laX7)-(@xr)dn.
‘ Gy
Bynza (o X 1) (0 X 1) = o [F X (60X 1)] = o ort — 7 (or)] =

= wir? — (or)? 6yaumuny 91:Tn6opra o110,

Tpp= 7 f [wir? — (mf) | dm (17.82)

{M)

nponann xocua kunamus, 2Kucmuunr gysraamac O HyKTACHHU KO-
opayHaraaap 6owu ned oxub, xysraamac oprorodan Oxyz caHog
cucremacunn Kupuramus Ba (17.82) udonmanu ymwby cucrevara
HucGatan é3cax:

Teo=5 [ 102+ + o2 (2t +v +2%)
(M
— (0, x + oy 4 0,2) | dm

&xn
2 Top= f“’f(y”‘zg)dm—l— [o2(x2+ 2t dm +

(M) (M)
fm?(x + y2)dm — wamxydm-—Q\mmxzdm—
(M) (w) (M)
—2 ( w0 yzdm.
(M)

Byun mucMmumnar xoopannara ykaapura uncbatan wHepuus Mo-
Meuraapu [, /,, /, BA MApKa3AaW nOUYBYH MHEDUMA MOMEHTIA-
Pu Jey, L4y /g, OpKanm udosanaiMus:

) . -
WWW.ZIyOUZ.CcQ

I

[} s )

9.



chﬁ= (,:“’f"l"/ym;'l"lz":_
— 2, oo =2/ 0.0, — QIVzo)yu)z).
(17.83)

1O | —

92-§. Kénur teopemacu

Mexanuk cucTeMaruwHr Ky3Fal-
mac Oxyz cuciemara HucOarau
XapaKaiujlard KHHETHK 3Heprus-

Y CUBU AHAKNAATHK,
C wnygra Oepuaran MeXaHWK
X CHCTEMAHMHI M4ccasap Mapkasy
6yacun (17.21- pacm) C HykTana
17.21-pacw. Oxyz cuctemara nucGaTan wuara-

puJamMa xapakart Kuaysuu €pram-
ug  Cx,y,2, KOOpAUHATAIAp CHCTeMACHHH oJamu3. ¥ xoJsna Ge-
puJran mexasuxk cucreManuur Oxyz cucrtemara sucbaras abeo-
AI0T XapakaTHHH Maccalap Mapxa3u Ouaadn OUp/AHKAA Kyuupma
xapakar Ba C wuykragan §rtysun Cx,y,2, cUCTeMara HucGatan
nucOUil Xapakataapaan Tamkua tonran ae6 kapam MyMmkHu. Cuc-
TEMaHHHT KMHETHK DHEprusicuny uponasosuu (17.76) uponanu

n
N ] bt g
T==\ —mu;,
) iYta ia

i=l

kypunuinaa €samus. Bynpa v;, —M; HYKTaHUAT a6COMOT TE3AUCH,
Arap ym0y HyKTaHMHr HHCOMH Ba KyuupMma Te3/IUKJAAPUHH MOC
-~ - - >

-
paBuiiga v, v, Opkaau Oearunacax, MablAyMKH Ui, = U -+ U,
oyaaan. UlyHuar yuyh

U 1 - - = -
= }] _2.”1[ (Vir + Vo) (U + Vo) =

i=1

-
1
MUy > Uy v ”’l vltvle + v ”’lvlr e

-\,
~2

ndonanu €3uu MyMKHH. Cx,y,z1 cucTemMa. #arapuaaMa xapakal
KUJraHuW yuyH yHuHr 6apua HygTanapu Tesauxksaapu C HYKTaHUHT
— —

it TE€3/urura Tenr: U= "¢ Haiuxana

T="b_'
it 2

1=1 =] i=1

MUy ¥ o MV Ty, + E mw, - Vo

X0cuA OFaald. By TEHrAWKHWHT YHI TCMOHWAArH OUPUHYU HHFHi-
nu Gepuaran Mexauuk cucremauunur Cx,¥,2, Yygjaapra Hucbara
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ra Kyiuarad TaulKu Ba MYKH Kyuaap KyBBaTJiapin opkaiaun uboja-
4 MYy MKHH!

I3
a

!

T a O
=N W N (17.87)

1

-

/]

T

=1

Yarapmac cucremMa KH KaTTHK XHCM YYYH HUKH Kyulap M-
NapUHEHT ARFHHIWCH HOJTa TeHr Oy.aaad. Buwobapuu, ysrapmac
cuCTeMa Ba KATTHK MKHCM KHUHETHK JHEPrUACHHUHT y3rapuuiv xa-
kuaarn teopemanu (17.85) — (17.87) ra wypa Ky#udard KypH-
HULWAAPAA €3HI0 MYMKHH:

dT = N dAE, (17.85 a)
=1
7 —T,= N Af, (17.86 a)
i=1
LT ws (17.87 a)

l=]

Iyynnraex, MOAAMA HYKTa KHHETHK SHEPIUACHHUHT Y3rapumwn
XaKuaara teopema (17.86) ra 6unoan xy#maaruya udopasaHaiu:

N 2 n
M _Na,. (17.88)
2z 2 A

tael

CucteMa xapakart MUKAODH Ba KHHETUK IHEPrHACHHUHT §3ra-
PHIIHM XaKHaaCKW TeopeMadapHu TaxJua KUANG KYypaMuaku, Xapa-
KaT yA4OBM CH(ATHUAA KHPUTHATAN XapakaT MUKAOPW Ba KHHETHK
3HEPrHus TyiyHyanapd Oup-OupHilaH npuHUMnuaa (GapK KuJdau:
daxar uuKn Kyusaap xucobura CHCTEMd XAapaxkaT MHUKIODHHHM V3-
raprupul OyAMaliAv, YHUHT KUHETHK SHEPrURCHHW y3rapTupuu
MY MKHH.

52-macana. Beprukasn 7Texucsaukaa kofiaaurad, paamycu R
6yaran, afinava wakAuA2 ruarad Hag uuuna cuaank ornp M
wapya xapaxkaraadagn (17.22- pacm). Bowasawrny najiraa uiapua
M, xonatna 6yaub, YHM aiinana Mapkasn Ouaan TYyTawTHPYBHH
paauyc Ba BePTHKan yu3MK opacuiaru Gypuak s, ra tesr. llapua
wy XoaartaaH GouwanFHY TE3JHKCH3

Kyin6 w6opuaca, O,0M =¢ Gya- 2

raH nafrtna wapua KaHAdi TE3JHKKA é

ara 6ysaaau? lllapua momauii nykra °
L Xy /"
I

Ae0 Kapaacun,
Eunmr. Moaauil HyKTa KUHETHK n

SHEPrUACHHUHT Yy3rapullid XaKuaaru ]

Teopemanu ndonanosuy (17.88) ky- g 4
PHHHIWIASTH TeHraamajaH Qohaana-
HAMH3: 17.22-pacm,
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rs
mu mo?

2 2
—

M nygrara orupauk Kyuu ( = mg Ba HAHHHUHT HOpPMas peaxkius-

m‘\_-“b (1)

ci N rabeup stasu. Uapua M, xoaatnan M ra yrrasga yHra
KYyAHJATAH KyuJap MILJAPUHUHT HHFMHAMCHHY XHCOOAAAMUS:

VA =4+ 4y

Bynna 7\7_]_ %.6}‘7111*3}“4 yuyn A, =0. G-.ompnmc KYYHHHUHT HIIH-
Hu (17.67) ¢opmyna OunaH aHUK/AAAMHB!

A, =mgh=mg (OK — OL) = mgR (cos ¢ — €08 ¢,).
Wyunait Kuau6
2 A, =mgR (cos ¢ — cOS ¢,).

Macana maptura xkypa v, =0 3kauauruiu sstHbopra oauob,

TONWATaH vl KuiiMaTHHE (1) ra KysMHu3:
mu?
5 = mgR (cos ¢ — C0S ©).

By ubonanan v Te3 UK MUKIOPHHW dHUKA2AMH3:

v =12gR (cos ¢ — COs ;).

By udona cos ¢ > cos ¢, Oyaransa MabLyora sra.

53- macasna. OA Kpusowmuura gyiuaran ysrapmac M MomeHt
Tabcupuaa 17.23- pacmjia KypcaTuaraw THHY xonatia Typraw Me-
XaHu3M Xapakarra keaTupusanu. Kpusowun coat crpenkacu Xxa-
pakaTura TecKapu fyHajuwiga ¢ — 3w/2 paanad Oypuyakxa afiiaH-
rag naiiTaa Gypuak Te3aurw xanpai oysnaau? OA Ba AB kpuso-
(WiN Maccanapu My, =m, m,,=4m OyJarad Oup KUHCIH CTep-
eHb. CUpnanMacfad Aymaiosud D Funampak aca m,=38m
Maccanu GuD KHHCAH AWCK e Kapaiacud. Muwgananuiiap abTu-
6opra oawnmacun, Kyhnparunap Gepuaran: OA=1[, AB=4l,
r=1{, M=3mgl.

17.23- pacm,
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r Eunwi, OA xpusolun ¢ = 3n/2 paa. Oypuaxka aitaanrania Me-
X4HH3M paCMId NYHKTUD 4M3uK OMJI8H KYPCATHAraH XOJaTHu 3raj-
aaiau; 6veaa A sa B wykranaap, Moc pasuwaa A, Ba B, 1a yia-
an. OA kpusowun, AB waryn sa D ruaaupakian ubopart yarap-
Mac cucTeMaHuHr OOWIJIAHFUY XOJaTAaH KeWHHIM X0J4aTra yTulliu-
Ia KMHETHK DSHEePrUACHHUHT y3rapWiii XaKuaard TEeOopeMaHUHr
(17.86 a) kypunuwaaru ugpoaacHaan ¢GoigataHaMU3:

n
7‘—7“———"\:.45. (1)
BownanFuu nafitza cucteMa THHY X0.1aTga OYAraHH YuyH YHHHF
6OlIIaHFHY KUHETHK HEPruscu Hoara teHr: T, =0,
CuciemManuHr xpupomun ¢ = 3n/2 6ypuakka Oypu/araH xoJjar-
Aary KUHETHK 3IHepPrusicuHu xucodaaimus, (17.76) ra kypa

IT="1on+ T+ Tp, ()

oyuna T,,, T, T, opkaau OA kpusowun, AB maryn Ba D
FUNOHPAK KUHETHK IHEPrusiiapu OeqrunaHrax,

OA xpuBowun kysraamac O VK aTpoduaa afinanma xapakaTia
Gyaranv yuyn 7,, Hu xucobuaawaa (17.78) ¢opmynanan ¢oiiaa-
JiaHaMu3:

T

1 2

0A =TZ /0(1) ’

Oy epja © — KPUBOIIMOHUHT KeAWHTH nafiTaaru Gypuax Te3NuTH.
Mabaymku, /0=—;-ml’. LyHuHr yuyn

To,= %ml'w’. (3)

A% WaTyH yMyMaH TeKHC napanies XapakaT KHJaid. Dupok ¢ =
=§ xonatna AB waryH OHMA warapuiaMa Xxapakaria OyJaald,

UYHKH U, ==V, =0 . BunoGapuu, 7,5 (17.77) ra kypa anugnaua-
U
T

-1 2
aB= 3 Map V0
6ynna v, =o - OA =ol, v.=1v,, m,,=4m Gyauuuny xucob-
ra oJcax, Kyfiuwaaru xocua 6ynanu:

Typ="2ml (4)

Tekuc napaanen xapakataaru DD AWCK KHUHETHK 3HEPrHACHHH
{17.79) popmyaa Ouaan avUKNAHMHU3:

| S 4
T = - 2 _— = 1! =
w= ) ”'Dvﬂ.+ IBmIJ - ﬂl[) B + "'D’ Wy =
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Bynaa m, =28m, v, =9, = ol Gyaranuzan

1, = 6ml*w?, (5)
{3) — (5) Hu (2) ra ygyamus:
T == ml'et 4 2mla? 4 6ml%ot =2 s, (6)

Cucremara gyfuaran Tautd Kyunapaan M MOMEHT, KpHBOLINR

— —

Ba watyH orupauk Kyunapu G, ,, G,, HUHT WK HOMAGH BaPKJH;
KOJraH Kyu/aapHUHT UUJapH 3Ca HOAra TeHr.

bunobapun,
A
N4 = AM+A00A + AGAB'

!
Bynaa Ay=M - ¢ =3mgly, Ay =0y, - == mg .

l 1
Ay =G,y —2-=4mg-—2-=2mgl

AB
6yaranunan y3ua-xecua KYHAWAaruHu XOCHJ KHUJAaMU3:
NA; = 3mgl - T + mg L L omgl = 16,63mgl. (7)
- 2 2

(6) Ba (7) un (1) ra xysamus:
f‘;" mi'? = 16,63mg.

By Tenrauxnan xyduparu keaulb udMKalua: o ::1,42!/15.

54-macana. Maccacu m 6yaran A 10K YUFMPUK BOCUTACHAA K-
tapuaaau (17.24- pacm). Hurupug tacMaau ysarma €paamuaa xa-
pakarra keatdpuanaau; 6y ysarMma 4UMFUDUK Baaura ypuatuarau Il
wkup GraaH Morop Baauaard wikuB | Hu Gupaawtupand. [ wixus-
ra yarapmac M a@sauTupyBYd MOMEHT Kyhusiran. YUurupug OGapa-
Gauununr paguwycu r, I wkus
paauycu Ky, Il myuB paiuy-
cH R, MoTOp aflaaryBun
KnCMABDHRIIT MHEPUHR MO~
mentn /,,unrup Ba Gapahan-
HYHr OHpraJuKAard HHepUHsd
MOMeHiH [y, npeG ouub,. 4
IOKHHUHT T€3JaKHIIH TOMUJACHH.
TacMaHUHT OFUPJMIH BA BaJ-
Jap  yKJjapujaard HulKana-
HULWED Xucobra o/MHMAcuH.

Eunm. Yarapmac cucrema
KUHETHK JHEPrUACHHUHT V3=
rapuiin Xakuaard Teopewma-
wutr (17.87 a) xypunHw aaru
17.24-pacy uwhougacuaan  doiaanadamus:
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‘g= ' W, (N

€ucreMa KHHETHK JHEPrusaCHHH XHCOGIaHMH3:
T=T +T1T,+1,,
Gy epaa 7, — 1 Baauuur (WKWHBY OWJAH) KHHETHK SHEpPrusci,
T, — unrupuk Ba GapaGaHHUHr KMHETHK 3ueprusicH, [, — A 10K~
HUHI KWHEeTHK SHEepruscH.
. i ]

A 10K uarapuwiama xapakaraa Oyaranu yuyn: T, -=Emv:. T,

Ba Ty (17.78) dopmyanara OMHOAH TONUJAHM:

1 f 1 2
T, $§I|(U|v Ty = —2‘/2“’2-

Byhna TacMa xamMMa HYKTAJIADUHWHT TE3JHKAADH MHKIOD XHXAT~
IaH TeHT OGyaranu yuyH oR, =w,R, Vpunauaup. Lyuuurgek,
v 2 2

A
v, =w,r. By Tenraukaapaau 0= Wy =R_,(D2=

'UA Ke-
r- R[
au6 uukaau. Hatnxana

1 1 1
T=ghoi+ g lej+ o mo

éKu
LR} + LR + mr*RY

r—1 T —
2 rR,

xocun OFnamu. Oxupru udonanan v, v ¥arapysuu u1e6, BagT

6ffnua xocuaa ogamus:
a1 LRI+ LR} + mr'RY
:17 = 7 p —_— 'UM . ’Z@)A. (2)
re. Rl

Cucremara xyiuaraun tawku kyugap opacuna dakar M momeHT
6unan A 1ok orupaux kyuu G = mg HAHT KYBBAaTH HOJAAH (hapK-
JH, KOJIaH KyYJapHUHT KYBBATH HOJICA TEH,

Bunob6apun,

/ R

2 Wf=Mw‘——mg7JA==(\M . r_RE:_ ——mg)‘vA

8Ku
'/B= MR,—-ML'I'M -
Z“" R Uy (3)

(2) Ba (3) uu (1) ra Kysmus:

I‘Rj+].,l\’,’+mrs_liv @ — MR, —mgrR, .

’2. R‘f A A r. R| A
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By Tenravknan A 1ok TesNaHHIUM aHWKAAHALM:
(MP;s— merRoy -R,
I'Rg + Izﬂf + mréR}

N

94-§. Kyu maitgonn. Kyu dyuxkuusicu, IMoreHuuan
KyuJap Ba YJAApHHHT XOCCAJApH

Monauii HyKTa Ba MeXaHWK CHCTeMa XapakaTuHWHT nuddepeH-
M4 TeHTJaMaJapuud TY3HUINE TABCHP KUAYBYM KYy4/aap Bakrra,
KOOpAHMHATadapra, TesJUkKKa OOFAMK Of/IUIIM MYMKWHAWTH Kypca-
ruaras a4v. Kyusaap xanjail yarapyBuuaapra 6Gorany OysamacuH,
(hA30HHHT yJAap TabCUDH MABKYA KACMU KY4 MQUIOOHUHU XOCUJI
gkumann. Kyu MafinoHura KMpWTUATAH MOLAHN HYKTA EKM MEXaHHUK
CHCTeMAra TabCup KWJAYBYHM KY4ldap KaHAail y3rapysuyuaapuunr
(byHKUMACKH 3KaHAWTUra Kapa6 Kyu MafioHaapu cdapigaanazu. Ma-
¢aJiaH, TPaBUTALMOH Kyunap MaliloHHHH oaafinuk. Xap Oup KUCM
hasona WyHAAN XYCYCHAT yHhroTaauku, OyHaa#l (a3ora KUpHTHI-
FAH WKKWMHYKM OWD KHUCMra YHHUHT KOOpAuHaTajapura GOraug 06y~
raH Kyuy — rpaBUTALMOH Ky4 TaBCHP KuJaa Gouwaaiinan Bywnafi
Xonnapaa OupUHYHM KHUCM TPABHTALMOH KyuJap MaidJOHHHM XOCHJ
KMAAY, defiuaaan, FIKKMHYR XKHCM 3Ca rpaBUTALMOH Kyuaap Mad-
AOHHAA Xapakard Ypranu1aérran xuacM 6yaaan. MxxkuHau Mucoa
cuhatyad mMarTHUT MaiiIOHHM ONaHJHK. MabayMKHU, TOKAM §TKa3-
sug $azoga wWyHIal XycycusT yitFotanuku, Oynamaft Qasona xa-
paKaraanysyu 3aPAANAHTAH Xap KaHAa# uCMra Kyd4 TabsCHp Kuaa
Gowaian. By Kyuy XUCMHUHT Te3aurura GorauK Gynanu. Toxin
y1Ka3ruy XOCH/ KM/AraH Kyu MailioHM MarHut Maifounu wndona-
Japnd.

Kyu maftiounapu CTauMoHAp B& HOCTAUMOHAD OYJMILH MYMKUH,
Arap mafinod xyusapu, 6y MaBioHra KHPHTUJCEH XXHCMAapra GoF-
AUKCH3 PABHIINA BAKTHUHT Gupop GyHkuMacu cudaTunia yarapca,
6yunai Madgod xocmayuoxap mafdon OGvaanu. Hoctauwuowap
MafLos KYy4.aapy BakTHUHF Oupop (yHKuusacH cudaruna ugonana-
vanu. Cmayuonap xaitdon-Ryyaapu sca saxktra GOFJANK OyJmafiau.

Hasapnit mexanukaga daxat Koopaunatasapraruia OOFJLK
6yaray Kyujaap Ma#AOHE MyXUM axampsrra ara. Dynpaft Kyunap
YUYH KV @yHxyunsacs TYWYHYacH xuputuaazu. llpoexuusaapu

« F,, F,0yaran Ba Gupop M (X, y, 2) HyKTara TabCHp KHAYB-

—_ —_

W F=F(x,y, 2) KyuHuar Kyud dyHkuuacu ped kyhnaaru
Y F, YoF, W_rF, (17.89)
ox ady dz
Teuraamajgapian auugaanysun U=U(x, y, 2) pyHkusra aitu-
Jdagn. Arap Gepusrad Kyuy yuyH Kyd dyHKuHACH MaBxy1 6yaca,
OyHNa# KyuJap MafaoHu nomeryuai Maldon [eRHAanH, Kyd-
JAAPHHHT Y3ura aca #aomeHyua ~ ikydaap nRedunanu. Pasuiank,

— —
Xap Kaugaf f=/f (X, ¥, 2) Kyd (OTEHLMWAd KyY, YHWH[ MafiioHd
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norenuuas mMaigow Gynasepmaidnu. bepuseanw F = F(x, y, 2 xyt
nomenquar kY4 6yaunwis YLYH

OFy _ - v o _BF 0F, 0F (17 99)
oy dc 02 dy = Bx 0z

MEHZAAMANAPRILKL Ypunal OYaqwn 3apyp ea emapaudup. 3a-

- -
pypaurusu ucbotaafiaux. F=F(x, y, 2) noTtenunaa kyd Oy.uo,
U=U(x, ¥, 2) dyuxuus yHHHT yu4yH KYyu Qynkuusacu OyJcus.
Y xoana 6y dyuxuus (17.89) myuocabaraapHu KanoatTJaHTHUPAAHU.
(17.89) tenraavanapuu ad hdepenuuanias,

GU _OF. U _dty  BU _OF,,
0xdy dy ddx  ox  0:20x or'
QU _OF, U _OFy QU _ oF

dxdz 0z 010z 0z 020y dy
QU oL OU U

uporasapHu xocua xuaamus. Byspa —— =
P P X : y 010y 0y0x ' 0z0x 0x0z”
oy oy

oyd:  0zdy

6ysarann yayHd

OFe _0Fy OF, _OF, OFy _ 0F;

oy dr = 0x 09z ' o= dy

Xocua 6yaany, fuLHu Gepuarat KydHUHC NOTEHUUaA Kyu Oyauuid-
nau (17.90) myrocabaruuar vpuuau 6yaumn keaus dugand. (17.9))
MYHOCABATHUHT eTapaH WapT 3«aHJHIMHH XaM MCOOT KUAUIL MYM-
KUH,

U dynkuus nupdepenunan TeHrIaMalapHUHT euumu  CHbaTH-
Aa aHHKJAANTAHWAAH, ¥ §304PMAC COH AHUKJAUCMAA TOTMHAALM.

Mexauuk cncrema sa 6y cicreMara TabCHp Kuaysun F o=

=/-1('x11 yI' z1)1 F’Z = ”:All y’h Z?)v LAY fn:F.:‘~t-' y'l'l :R.'
Kyunap cucremacu Oepusacud, By wyuasap cucmemacununz Ky«
Qyrryuice ne6 KyAugars TeHraamanapliaH aHukAanysun U=
=U(xy, V1, &y .« ., Xy, Yoo 2,) DyHKmydara adTunanu:

: i’ .
__=l' _..—_/‘ i,—-:3 = “ e .
in 3y, fy dz, Flr' (=1, 2, 3

Bepuarau xyunap cucremacu yuyd kyu QyHKuUsacH Masxyn 69a-
€a, CHCTeMa NOMEHHUAA KYLAAP CUCMEMACURIL, YD XOCHA KM=
raH MaijioH 3Ca nomeryua.n MAHOORHW TAWKWI Kuaain. bBepni-
TaH Kyysap CHUCTeMACH NOTRHUUEN Malifod XOCHA KUAHILK Y4yH

Ofiy - "h Fiy _0Fy Ohe g (;_q g n)
ay; o 0z, dy; 0z ox,’ e

MyHOocaGatnapuuHr YpuHAKH OYauiy 3apyp Ba €TapJuAup.
Crauponap noreHuuas MadooHHH TAUIKHA KHAYBYM Kydaap
TabCiPUIATH MEXAHHK ChCreMa KoHcepeamiue cucmema AeAuaiu.
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Tlomenyuanr kytaapHune KyRugard XoccaLapu Maexya:

1- xocca. Tlpoekunsnapu F,, F,, F, 6jaran F(x, ¥, 2) Ky4
nOMeryRar Kys 6yaumu yiyH

Fdx+ Fdy+ F.dz (17.91
uPooa Kyt GyHryUACUHLNE MYAUK Oupdepenyuarn O6yanmy 3a-

pyp sa emapaudup. Xaxuxaran, F Ky4 notenuvan xy4 ©Oyaca,
YHREP yuyH Kyu dyuxuuaca U (x, y, 2) mapwyn 6§au6,
Ww_ g U _p U

-F
dx ' dy "9z i

Gynamu. Bynu svtubopra oan6, (17.91) wuur tyang anddepen-
LKA SKAHJUTHHE KypcaraMua:

qﬁfdz =dU,
0z

Fdx+ Fdy+ Faz="Yax+¥Yay +
dx dy
Axcunua, arap (17.91) 6Gupop U(x, ¥, 2) OYHKUMSAHUHT TYJIHK
Aupdepednnanu, avin Fdx + Fydy -+ F,dz =dU 6yaca,

Fudx+ Fdy+ Fdz=2Yax + Yay + %4z
7 ox oy 0z
€3um MyMmiud, dx, dy, dz puddepenunaanap Gup-6upura GOFIUK

6y IMaranujan OXHpPru TeHIVIHKIAH
oU oU ou
F = —— F = —, g =

ol Y 9y 7 os

Keqmb yuKaan, abHU Oepuarad £ xy4 nmoTeHuuasa kyd 6ynaid.

2-xocca, [Jomenyuan kytnunz Oupop opasuxdazu uwu Gy
KYU KYLus2an HYKMQ MPAeKmMOPUACUHUNL Wakauza 60Fauy 0Ya-
MAl, HYKMAaHUH: 60U AQHFEY 8a CYH2Zu 8a3usmaapuiazina 60F-
auk.

Xagukatan, F (x, ¥, 2) notreHuuan Kyuuunr oupop M, (xq, Yo,
2y) Ba M(x, y, z) Hygranap opaaurkzaru uwu (17.58) dopmy-
Jiara acocam

A= f (Edx + Eydy + Fdz)
MM
TeHrJuk Ou/aH aHuKJagaad, Ilotewuuan xyunapuuur 1- xoccacH-

ra acocal, F Kyu mnoreHuuasa Ky4 OyJaraud yuyH Ky#uaaruua
€3UII MYMKHH:

A= j dU=U(x, vy, 2) — U (%0, Yo Z0)
Mo

éKU KHCKaya
A=U-U,. (17.92)
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Byunnau kypuHanuku, A nweuer guiimath U dynxuuasusr M,
Ba M HyxTanapiaaru xuiiMaraapuraruia OOFJMK, HYKTa Tpaexro-
puscuaunr M, pa M opacuiaru wakaura OOFAMK 2Mac.

95- §. IloTeHuHan 3Heprus, MexauHKk dHeprus Ba YHHHI
CaKJaHHuIl KOHYHH

F noreHuuaJ Ky4 MaiAOHMAA XapakaTaaHyBdu HyKra O6upop
M, xonatnan M xonarra yruwmnaa 6y KyuHuur uutu (17.92) ra
kvpa A= U — U, dopmyna 6uaan aHUKJIZHHWH MYMKuH. Arap
KOOpAUHATA GOWMHYK HyKTanusr Oomnanruu M, uyKTacuaa oscax,
6y nyxtana U;=0 ne6 xucobaam wmymkun., ¥ xoaza (17.92)
Hdoua

A=U(x, y, 2)=U

KYPUHHLIEN OAalH, DyHaaH KypaMmu3KH, KY4 GYHKUUACH MAIOOK
KYLURURZ RYKMa KOOPOUHAMAAAY O0UllOAH MAIOOHHUH2 bepus-
20K HYKMACU2a1a KY42aHOA2U UMUK XAPAKmepaaidu.

[lotesunan xyu mafinoHvuAa Kyd ¢yHKkuusacu Ouaan OUp Ka-
TOPA2 Ky4 MaiJOHMHMHT Gepuiran GUpOP HYKTacHA2a MOAAHH HYK-
TaJaFd 3HePrus 3danacuyy HQPONaNOBYH MOTEHIHA FHEPTHA TYLIYH-
YaCH XaM KHUPHUTHJIALH.

Ky maidonunune M nygmacudaen nomenyuar 3nepeus oeo,
MALOoH Kyiunune wyxma M xXoramdan Gowaarnrus My xoram-
2a Kyduumudazu WAL UHOIAA06iU KAMMAAUKKA QLMUALOWL.
[Motennwan sueprusiun I 6usnau Gearnsacax, Tavpudra GuHoan

Al
N=\F.dr=U,— U.

L]

Arap koopaunartasap Golun HYKTAHHHT GOLIAHFHY XOJaTHAa O/NHH-

ca,
=—U (17.93)

Keanb YHKanu, AbHUH HOMEHUUAR KY4 MAUOOHUHUHZ GUpOp HYK-
macuoazy ROMEHUUAAL FHEPUS WY HYKMaodazi Ky4 QYHKYUICIHL-
HUHZ mecKapu uuwiopa 6uAQH OAUHZAH KUlimMamuza mewe,

Horteuuunaa kyusap TabCHpUAary MeXaHUK CHCTEMa YUYyH XaM
NOTEHUUA SHeprusl TYUIYHYACH INYHNa YXLAI KUDUTHJAanud. Arap
U(xy, Y1y 24y X9y Y2, 22y « v oy Koo Yoo 2,) byHKUES Gepuaran no-
TEHUHAN KYYaap yuyH Kyu ¢yHKuusacu Gy.aca, MeXaHUK CHCTeMa-
HOAHT NIOTEHUUAA 3HePruacu

I (xlv yh zh vy -l',. ynv Zn)=— U(xla yh Z‘, LI ] xn' ym Z,,)'

Mynocabar 6ujan udosasaHanu.

[Totennuan kyu MaidaoHuAa xapakaTJaHyBud MOLIMH HYKTa
€KY MeXaHHK CUCTeMa XaM TNOTeHIMaJ, XaM KHHeTMK SHEeprusra
sra Oyanmun MyMKnH. KuHeTHK Ba nOTEHHMAs SHeprusJapHuHr
auruHAuck 1 + II myaux mexanur 3uepeus KucKaua, MEXAHUK
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anepeus nel lopuTHAaAH. MexaHuK PHeprus yuyH KyHuaard Teo-
peMasap ypudJau Oynand.,

1-Teopema. [Tomenyuar rkyt MauooHUOR XApPAKAMAAHYELL
MOOOULL HYKMAHKUKE MEXAHUK Hepzusicu Y3zapuac 6yaadu, ABHU

T 4 11 = const.

-

Xakukatau, Gapas xuaaiiuk, MOAAM{ HyKkTa F noreHuuasn Kyd
TABCHPHAA XapakaTJAducuH., HyKTAHUHT dr 3JeMeHTap CH/MUUIUAA

F KyuHuHr dA sseMenTap uiln xyfiuparnua Oynanu:
dA=F dx 4 Fdy 4 F.dz=dU,

Monanit HyKTa KMHETHK SHEPrHACHHMAHT y3rapuiil Xakuziaru Teo-
pemara acocan dA=dl. Y xoapa d7=dlU Ba d(1—U)=0
ékn T — U=const, éxku 7 -4 I = const xocua 6yaanu.

2-teopema. JlomeHyuan Ky4rap MAaldoHLOA XAPAKAMAAHYE-
41 CUCMEMAHUHZ MEXQHUK AHepeuscu 3eapmac 69.4adu. By Te0-
peMaHn sHa Oynnai Oa€H 3THIN MYMKHH: KOHCEPBAMUE CuUCmeMa-
HUKZ Mexarur 3uepausicu y3zapsmac Oyaadu., By TEOPEMAHUHT
ucooTu xam 1- TeopeManuHr ucboTHra yxmaul,

Koucepsatup Gysamaran MORAMHA HYKTa €KM MEXAHWMK CHCTeMa-
Jap yuyu Oy TeopemaJsap ypuuau Oyamaiau. Macanad, Xasona
OFUPJMK KYUH TAaBCHUPUJA XAPaKAT KHJAYBYM HKUCMHU OJARIHK,
XaBOHUHI KHCM XApaKaTura KYpCaTaiuran Kapiuiuk Kyuu XucM
Te3NHrura 6oranK. ByHaall xuCM KMHETHK SHEDPruACHHHMHI Y3ra-
PUILH, MacajaH KaMafiuioy, XUCM NOTeHHHAA 3HEPrUACHHHHT WYy
MHKJAOPra opruinura Teur O6yJaMaiinu. BbyHaa KugeTHK SHEPrUsTHUHD
MABAYM OUD KHCMU UCCHK/AHK 3IHEPrusacura afjaHai.

By epnra kypub yTHATaH MeXaHHK 3HEPTUSIHUHT CaKJAIHII KO-
HYHH 3HEPrUAHHUHT CAKAAHWWIM XaKHAArd Tafuar yMyMui KOHYHH-
HHHT XyCycufi x0.4m cuaTnia, KOHCePBATHB CUCTeMasaprd Hucba-
TaH Hamo€H Oy/aasnTH.

IOkopuna xapa® uuguAran xapakaT MUKIODUHIHF, Xapaxar
MHKIODH MOMEHTHHHHF, MeXdHUK SHEpPrHJHHHC CAK/AAHWLI KOHYH-
A3PH OpACHAd MEXAHHK 3HEPrUsiHMHT CakJaHuul KOHYHW 8J0XUAd
YpHH TyTand, Xapakar MUKAODH Ba XdapakaT MHKAODH MOMEHTH—
Oynap cod mexanux xartranuxaap, Hur, Kyssar, sHeprua ca ymy-
MaH (PU3MK KaTTaaukaap xucoOsanaiu, By KaTTal¥kJapHUHT KU-
PUTHAMINM MeXaHUKaHn ¢u3ukanuur 6owka coxanapu Oufad OGOF-
aaitiu. Budobapnn, xapakaTHHHI\YauoBH Oy/IMHIL MeXaHUK 3HEp-
rds MeXaHUK XapakaTHUHT OOLIKA “Typlaru Xxapakar (opmasnapura
YTHLWIMHUHT MMKIOPUH TOMOH/IApHHH AHWKJAAW WMrOHUATHHH Oepa-
Ed. OHKPUMHIHUHT faauau cudartuna xyhdaard 6up MUCOMHU Kes-
TUpadauk. Maccasapy m OyAras HKKu KHCM yJaPHHUHD Macca
Mapxaanapnﬂu TYTaIUTHPYBYM 4YM3UK Oyidnad narapu/iama, ysrap-

MaC U Ba — U Te3AHK GHAaH 6up-Gupura TOMOH XapaKaTJaHCUH,
Dy ukxm xucMmzaH uGopar CHCTEMAaHWHT XapakaT MHKAODH Ba Xa-
PaKaT MHKAODH MOMEHT BEKTOPJA4pU
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K = m%)"}-(-—m;) =0, I:,=r.n’omx{") 4- m,,(-—m{)‘)=0

Gynanu. By Xonpa xapakar MHKAODU Ba XapakaT MHUKAOPU MO-
MEHTH KATTAJHKJAAPH CHCTEMAHMHI XapakaTHHH Xxapaktepaall o4-
MafaH, Arap 6y CHCTEMAHHHT KUHCTHK OSHEePrUACHHH OJALMIaH
Oy./icak, YHHHT (opMmyJsacura Te3JUKHUHI KBaapatH kupud, 7 =
muy« P o
=2-—2— = mv® KaTTaNMK XKUCMJAAD XapaKaTWHH Xapakrepaaiinu,
y cHcTema 3ra OyaraH MexaHUK 3Hepruanu udonanadau. Ymy-
MU SHePrHSHHHI CaKJaHUIl KOHYHHMra Aacocan ywlby MexaHHK
sueprusi Oonika Typaaru 3Hepruara yraaurad Oy.Jca, 6y Typaaru
3Heprus aHa Wy mov* sHeprua MUKAOPH OMAdH XapakTepJ/aHajaH.

96-§. Moanuil HYKTAaHHHT MapKas3u#l Kyd Ma#JoHUAATH
xapakaru

MawayMxu, (85-§) HYKTaHUHI MapKasuii KydY TabCHPUIArH
XapakaTtd OuTTa 1€KMCIMKAa COAHD OYyaul, CeKTOp TesauK yarap-
Mac Oyaaau Ba Yy XapakaT MHKAOPH MOMEHTHHUHr GOurIaHFUY
Kuitme~d OujaH avuxaasand. Mozauil nyKTa Mapkasuii Kyu Tab-
CHUpMIA XapaKaTAaHraHuAa XapakaT MUKIOPH MOMEHTHHHHI Cak-
MaHUI KOHYHHW OuaaH 6up KaTopla MeXaHWK IHEPrHAHMHI CaKJa-
HUIN KOHYHM X3\ YpuHAM OyJaiH. XaKukaras, Mapxasuid KyuHu

- r "

F(r)=F(r) - — xypunnwmia &3u6, 6y KyYHUHT 3JeMeHTap HILUH-
r

HU AHUKAAHTHK:

dA = F(r) d}"== F(r)

2r.

d(r-7) =" ar =F(r)ar,

dA=dU 6yaranupan dU = F (r)dr ne6 é3a onamus, yHjuau
U= S F (r)dr - const

xeaul wuganu. Byngad kyy ysxnuscura sra 6Yaradw Kyq Mafno-
HU MApras3uil Maidon neiuaand. Mapkasuil MailloH yuyyH Mexa-
HHUK 3HEePTHAHUHT CaKJAAHUUl KOHYHH ypuuauaup. DBy gonyura

Kypa
E=r+u=”’_;“+u(r)=-

=”2i(}2 +r°¢?) + 1 (r) = const = E, (17.94)

Hborany €3l MYMKUH. Dynna FE — TyauK MeXaHUK 9SHEPrud,
Ey— TYadK MeXauuk SHeprusHuur OGowaanFud guiimard, 7 Ba
I — Moc paBuwIAa KMHETHK Ba NOTEHLHAN 3HEPrudaap.

Moanu#t HyKTa Xapakar MUKIOPH MOMEHTUHH KYTO KOOPAHHA-
Tanapuaa Hdoaaaaivus:

{,= mrusina = mr?e.
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Bynnan
. "’

rp=_=, (17.95)
mr
(17.95) uu (17.94) ra gyamus:
mer 1%
T—err” +H(r)~E0'
Byunan
dr - 2 i -
=] ZlE—nn- m‘jﬂ. (17.96)

Wanvs onnuaary uiwopa £ =0 GownanrFuy nafitaa HyKTa paguadt
TE3JIMTUHUHT KYTOra TOMOH WyHaauiiura €ku Kyr6aad 6y i#yua-
JULITA TeCKaph HyHaJraHJurura GOFAWK DaBHIUAA OJIHHAgH. X0-
cua Kuaunras (17.96) teurnama modouit nyxmarnuuwe maprasiit
Ky4 mascupudazu Xapaxkamiurune Kymo K00pouHamaiapuza Hiuc-
baman Judgpepeny ian menzaamacuoup. Yuu

dr

—=dt (17.97)
\ 9 )%)
1 —HEo— ()] ——,
m m-r
Kypunpmaa €3aMnu3 Ba MHTEr paaab,
{= \ , @ 1c, (17.98)
/2 {y
) ST -—,
m mer

TEHraMasu xocna Kuaamus. By epaa €, — uHTerpasn IAOUMHMACH.
Iynaalt Kuaub ! Hu r HUHr QyHKNMacu cadarujaa udolafanuk,
Suan (17.95) renwrnamara (17.98) nau anuxaadyBuu r=r(f)
MynocabaTiu KViiuG Ba Gup mapra udrerpaana6, xyrd Oypuaru =
HU BAKT £ HUHI (yHKuuscu cudartula TOMHW MYMKHH. Dyuia
sna O6urra C, uaterpaJ nonMuACH nafno 6yaaauw. Xocua Oynanu-
ran tearsaama (17.98) Omian Guprasuxia HYKTa XapaKaTHHHHT
KyT0 Koopaunarazapujiaru Teurjamanapu Oynamu. By Tearsama-
napaa xammack 6yqub 4 ta !, L, C,, C, uxtnépuit ysrapmac
COHJAD MUITHPOK 3Tau. YJjap OOUIMAHFHY LAPTA4DP 4COCHAA QHUK~-
Aanann. Bowaawruy wapraap-Kyinaaruaa Gepuaviun MyMKHH:

.

t=0, r=ry, 9=209¢ r="ry ¢=79,.

Hygranuur KyTd xoopanuartasapuiary TeHTJavatapu r = r (1),
¢ = ¢ () AHMKJAHTAHNAH Kel®H yJaapaaH f uy HyKorud, TPaekTo-
pUTHHL KYTO KOOpAMHATANAPUAArH TEHTNAMACUHH XaMm adukaaw
MYMKHH.

YMymaH, TPaeKTOPHAHUHT Tenraamacuhy GepocuTa, & = r(f)
Ba © = ¢ ({} TEHr.1aMaaapHU TomMacaaH Typub xam aHUKaA MyM=-
kuH. Bynunr yuyw (17.98) tenrsamanu
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I
dcp-—_=—th

mrza

kypuHuumaa é3u6 sa (17.97) Hu abTHOOpra oaub,

(. dr
de = ‘_{A . —
mr / 2 ""J
= l =B~ 1L(r)] = —,
m mr

TEHrJaMaHH XoCuJ Kuaamus, By TeHraaMaHd uuterpaa.ab,

lo

ri

3
o= dr--C  (17.99)
!l
V oemig-men—=2
¢

re

HATHIXKATA IpuwamMu3, Hykrara Tanpcup KHJAYBYU MapKa3uit Kyd=
HHMHC Kaulail 6yauimiura Kapa® moreHuunas sHeprus I (rj anugaa-
Haau. CyHrpa 6y moreHuua.  3ueprussHUHC ndogacu (17.99) ra
Kyfuaagn. Bbup mapra udrerpanaail HaTH:KACHAA HYKTA TpaexTo-
PHACHHUHT KYTO KOOpAMHATAlapHAArd Teuraamacu XOCHaA Ku/uHa-
IH. Tpaektopusnudr udonacumaru 3 Ta ysrapmac 10MMHiiaap, 10Ko-
puaa adruaraHupexk, COWNAHFUY WAPTJAap aCOCHAA TOMHAALM.

97-§. Moaanit nygranuur HselOTOH TOPTHWHIN Ky4H
TA'bCUPHIA XapaKaTH

Maccacn m Gyaranw MoLAui HYKTaHWHT EPHHHT TOPTHW KYYH
(Mapkasuit Kyu) TabCHPUAArd XapakaTHHM KapadMu3. DyTyu oaam
TOPTUIIHI KOHYHUAAH (olinananamus, ¢ = ymAM Oearunamw xupu-
™0 (6yn1a M — Epuunr wMaccacd, v — PpABUTALUOH [OUMHIL),
HYKTara TabCHP KUJAYBYH MApKa3uil KYUHH

r=-2

r2
KypuHnmiia €3amus. By KyuyHuHr Ky4Y QyHKuHACH
U(r)==jF(r)dr—|—C=—j%a’r—]—C= i:-—{—C,
r
noTeHuua/a 3Heprua aca
O(r) = -
(N=-%>=cC
Gjaanu. r = oo aa U (r) =0 Gycun. Y X0/11a OXHPrH TeHIJHK=
nan C =0 Keau6 4HKHUO,
() =—=>
(N=—2

ndorann xocus gkuaamua. Ilotenuuan sneprusauuur Oy Hdoracu-
uu (17.99) ra xyiu6,
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{
,~(' tofr? ar+C  (17.100)
. l leEo-{—'a_l-—"‘
r

KYPUHULWIZATH TP2EKTOPHA TEHrNaMaCHHH 0JaMu3. I ¥3rapyBuunpy
m: lo l,

§ = 7 — — KunuG aamawrapamus, df = —dr Gyaanu. Y xoazaa
0 r r

siHiry ysrapysun opkaau (17.100) tedraama
?—SVA—$+C (17.101)

Kypuunwaa €3uaanu. by epna A =2mkE, +— Gearunaum Kabya
(o
Kkuaudran. (17,101) nuur euumnu

I o £ ) ®
= in—=+C = os{——=|+C,, C;=C——
¢ arcsn'/A—}— &KH o arccs( VA.+ n G )

OyJnaan. duau r ysrapyBuura yTamus:

b _m

¢ = arccos| —L—L V4 C,
2mE°+ ﬂ;"
\ i
By ndonann
I N
.'?TS -r
® == arccos -+ C
2E 2

.rl l+% /

) (17.102)
m

fearnaawaap KHPHTCAK,
COS\(? —C)="=

Xocua Oyaaau. KyTr6 KOOpANHHATaJapH CHCTEMACHHHHI YKUHH
€os (o — () =COs ¢ TeHIrAUK GaxAPUNAAUTAH KUANO OJCAK, OXUp-
FH wOJaiaH TPACKTOPUAHUHI KYMuAArn TeHraaMacu Keaud yu-
Kanu:

-2 (17.108)
1+ecose

{(17.103Y xoHyc xecuMaapHYHT KYTO KOOpAUHATANAPHIATH TEHra-
Macunu udomanaliuud. e ra sKcyenmpucumem, p ra ca KOHYC

296

www.ziyouz.com kutubxonasi



KeCUMHUHZ napasempy jeiunany. AHaJuTUK reoMeTpHsiaH Mab-
JYMKH IKCILEHTPHCHTETHHHI KaHaaih Oyanwwra kapab (17.103)
teuraama aiiaganu (e = 0), aaauncuu (e < 1), napabosaun (e = 1)
éxu rumepboraHn (€ > 1) udoananraiiav. llynnah guan6 e <1
OyJaraHaa MOAAMI HykTaHWur Epra wucGaran xapaxaruiard Tpaek-
TOpUACH afiiaHa &Ku SMMUICAAH HOOpaT Gyaumuu, sAvHu y EpHuur
cyHBHil #yanown cudaryaa XapakaTAaHHIIE MYMKUH.
3uau Kauaad wapraap O6axapuarainga e<<l, e= 1, e >1
Oyanmnu kypafinuk. (17.102) Gearuaamra kypa
26,15
et =14 —=,
msz’
Bynaaru MexaHuk sHepruaHuur owanruy KuiiMatu £, Kyfinaaru
TeHIAUKAdH TOMUJAAH:
mu’ L m 3 s
Evm il = =2

By ndonasu oJAHHTH TEHTJIHKKA KYAMHU3:

BYr A &
a1 % %_c_>
med 2 L
8Ku
I (.2 oM
(e+1)(e—1)=—2[7 - 21
LY o,
Byunnan
M
o — 2% <0 sxn v, < l/ﬂﬂ aa e<1,
o ro
2 M ) SeM
v,— 2+ —=0¢éku v,=] “— gnae=1 oA
o2 e ) (17.0104
v§—2"£>0 éxu vo>[/ 2iM as e> |
40 ro

kean6 uugand. emak, v, O60OWJIANFUY Te3JUKHUHT KHAMATura Ka-
pab TpaexTopus afinana, saaunc, napadoJa, runepbodaa Gyaand.
Hygra Epuunr cyHbu#t fiyngomn cadardsa aitaada 6yiaab an-
JAHUIIMHA TabMUHIAMAMCAH SHT KMYHK U, TE3/MKHU — OUPUH1L
KOCMUK mesaukxsi anuxiaiink. Papas guaafiauk, Hykta Ep cup-
tafnan Gupop, Ep pamuycu K ra nucGaran 3bTHGopra oamaca 6y-
JaJMrad Aapaxana KHYMK macodara KyTapHaub, yHra ropusoHTal
AyHanumaa OOMIAHFUY ¢ Te3AnK OepH/AraH OyJcHH. XaBOHHHT
KApWH/ANTMHU 3pTHOOpra oamaiimus, TpaexTopus afinananan u6o-
paT Oyauwu yuyH e =0 wapT OGamapuiumn xepak. bunoGapun,

&

i
17.103) nan R =p éxu R == 6yaanu. Bynaau
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" P v
R=ET" v, = V M9
miyM R c
Ulynna#t xuau6, wHyxrtara ropusonraa #ynasuwaa 7,9 km/c
Tessuk fepuaca, uygra Epra ga#Tu6 tywmacnad EpHUHD CYHBHE
fiynnowu cudarnia afinana 6yinab xapaxkat KHA3AM.

Iuan HyKTa EpHHHr TOPTHIN MalAOHMIAH 4YWKHO KeTHUIWHK
TABMUHAARANIEH SHI KUYHK ¥, TE3AUKHM— UKKHHYH KOCMHK Te3«
JUKHU aHuKAaimMus. Byuna nygra Gowka Oup Topraltuul Mahno-
HH TAabCUDUra TYWHO KOATYHHra Kazxap napabona O6yinad xapa-
xaraananau, (17.104) mwapTiaprRuURT MKKHHYUCHIE Kypa

NM =
o= |/‘;_‘,’='”1V2:“'?u—£

6ynanu. Wynnai kuau6, Ep cupruian yHya ysok Gysamaran Ma-

-

cotara xkyTapuaub rOpPU3OHTAN HYHAMULLIA U, TE3AUK OJIFAH HYyK-
Ta EpHuHr CyHBbHRl AVagowu 6Faumy yyyn

7,9 %z v, € UL vy = 11,2 ‘—?

6axapu/HUIKH Kepak,

XVHI 606. KATTHK XHCM AMHAMHKACH

Mopanuii vyxragary kabu KaTTHK ®HCM JAHHAMUKACHHUHI XaM
HKKH  Mdcajack MaBxkyAd KaTTuk KUCMHHRT Oy Macananapuiu
eyruaa xam Gepwaran Kyujapra Kypa XHCM XapakaTuHU aHHK-
Jam acocnit sasuda xucobaasaan. Arap kKucM 3pKcus OyJca,
GOFIAHRINAADHUAT PeaKUHAJaPHHE GHUKAANI HWKKWAHUYM MAacaaa Ka-
TOPHIra KHUDAIH.

Kyftuna 6u3 KaTTHK KUCMHHHT WArapujaMa, Kysraamac yx ar-
poduiarn afiianma, TeKuC napaajes Ba cepuk XapaKaTN3pHHK
JARHAMAKAHUET UKKAAa MacatacHHM eunus ByKTau HasapniaH Kapab
yyKaMus. Dyusnaflt Xapakartasp TesrJaManapuuy TYSHLIAA CHCTEMA
IHHAMUKACHEAAT aCOCHH TeopeMmanspuian dofinaranamus.

98~§. KarTug KuCM WArapuiaMa XapakaTHHUHT
AudihepeBuuan TeHrjiaManapu

Kunemarukanan MabAyMKH, WACapUAaMa XapakaTAard XKUCM-
HUHT 6apya HYKTanapy my KHCMAA OAUHTaH UXTHEPHA HYKTa Ou-
aan  Oup XWA KORYH acocupa xapaxkaraanagu. lUynmur yuys
RATApU/IaMa Xa8pAKATIATM XuCM OHPOR HYKTaCH XaPaKatTHHUHT
¥ pepeHiyan TeHrAAMACH XUCMHUHI MATapuaaMa Xapaxkartu Aud-
depenunan Tenrgamacu cudarnia xabya xusudaiun. Bywnail nykra
cHdarnia ORATAA KUCMHHHI MAaccanap MapKasu OJIHHALH.

2Kucmuunr maccacu M, C mMaccasap MApPKA3HHUHT DaniUyC-

BEKTOPH 7, Xap Oup M; HyKTacura KyHu/rad Tamlxu KyuAapHUHT
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TE <.
TeHT TADLCHP STyBUHCH [ Oy~

cud. Y x0a2a Maccanap map-
KA3UHMHT XaPakaTH TEeHIJaMacH
(17.25) ra kypa xwucm uaxza-
puUrIMG Xapakamurune oug-
deperyuan menzranacy Kyiu-
parudqa 6yJqaanu:

L}

Y -

Mro=2FF s
i=1

(18.1) wu xoopauuara ¥YKaapu-
ra npoexkuusnnad, ocucu uaea-
purama  xapakamu  ougge-
PERYRANL  MEHIAAMAAQPUHILHL
CKAAAP KYPUHLWOG uPo0ard-
HUIUHY XOCUA KHJIAMU3:

n
¢
D N e Y _V 1
Mz\,‘ —= [[x‘ M ¥ = ’ Fly' A4Z ,: Fi‘ @ Q2)
A

Bynna X,, ¥, 2,— KUCM Maccanap MapKasHHHHT KOOPAH f*l.i’,,a‘

pu. (182) Tenmamanapﬂu HHTErpaJall HyKTa Xapak ‘7“13,“?
AupdepeHunan TEHIIAMANAPUHN HHTErpaanam kadu 6ama/ N Ui,
[yuu Tabkugaaul 3apypku, TallKH Ky4/aap TEHr TabCH] /y‘&
YHra KeATHPHAHUIM MYMKHH Oyaran xoajaruada xucMm Oy ¢ .,p

TAHCHPUAL UATAPUAAMA XaPaKAT KUJIA OJIajiH.

99- §. KarTuk KHUCMHMHT KyaFaiamac y§ atpodupa aitaa
XapaKaTUHHHT jguddepesunan TeHraamacu )
o
y
Bupop 0O, yk arpoduna aiinauysyu xucy 6epuaran (18.1-p l‘ M
Yk O uyxrana cohepux wapsup, O, HYKTAAa 3C3 NONLUMHH 1/
namuna maxxamaanras. O pa O, nyranapﬂa xocun 6yaa 1,,

peakuusiapsu MoOC pasuwaa N, Ba No opxaau Gearuaad. l\'h\
- 3 23 & 'l
No peakuus $a3ona UXTHEPHUHA HAYHANRWHE 3STANJAME MYM, m,"

—
.

o peaxkuua aca aRaHu I yzgura THE 6ym‘aH TEeKUCAUKAA €TY

2Kucmra TabCup KMAYBYH TALIKH KYydYJapHUHD Gou BGkTOpI/IHY’M

opgaau, yaaparar O nygrara HucGatan 60l MOMEHTHHE 3Ca 7“1:
6unan GenrunafiMua. 2KucM XapaxaTuHd XapaxaT MHUKIAOpH Ba ‘A‘l{:
PakaT MHKAODY MOMEHTH XaKujard TeopeMaaphu HCDO,LIBJIOH 8
TeHrJIaMaiap TyJuK Oearunaidau., DBy Ttentnamanap Kymmam i
€3uaaau:
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A =R+N,+V,, 183
dZO‘ 7 (O—o —T ) )
dt - {)+ ) l>" O"

- —
Byuna K — ®uCMHURT Xapakar MHKIOPH BeKTOpH, L,— 3Ca HUCM-
nuir O HykTara uucGaTaH KUHETHK MOMEHTHAHP. KOOleHHaTaJlap
Gowunn O nykrasa oaub Oxyz KOOPOMHATANAP CHCTEMACUHHU YT-
kaszamu3. (18.3) renrnaMmanapuu 6y KOODAMHATANAD C(HCTEMAcH
YKaapura npoexuuaiafiMus:

dh dK

7: =R+ Ng,+ N d_ty =Ry+ Noy+ N,

7:= ,?'+N027

dL,, dLOy (18.3a)
=My, — 00, - Ny, = My, + 00, X

dlL
XNO,x’ -d(;iw /”02-

By TeHrJaMasapHuHr uwan TOMOHJAApHRY aHuKjJaura Kupuma-

. - - -
mMu3. Mawvaymxu, K= Mv.=M (m X rc). Byuna M — xucMuuur
Maccaci, ¥, — HHePUUA MEPKASHHUHT Te3JULH, ©~ JKUCMHHHT

-

afizanMa xapaxaraary Oypuay Tes/iuru, r, — HHEPUMA  MapKasu-
Huar O Hykrara HucGaTan panuyc-BexTOpH. ¥ XoJia:

K= —Mo-y, K,=Mox, K =0

Byunan gyiunarn xocun 6¥aanu:
K.

aK,
- =—M(zy,+4o?x,), ———M(ex —m yc,,————O (18.4)

DM XapaKkarT MUKIODH MOMEHTH NPOEKIUsSTapHHHHT XOCH/a-
MAPUHHM  adugjgamra yramus. MabayMmMyw MexaHRK CHCTeMAaHUHT
Onpop HykTara mucGartan xapaxar muxaops moments (17.28) ¢op-
MyAafdaH TONMAAnM. KAaTTHK IKHCMHMED KOOpILHHATalap Gowura
pucOaTan xapakaT MHUKIODH MOMEHTHHH aHHKJAW YUYYH KHCMHY
n ta Mahpa 6yaakuanapra oysnamns. Cynrpa OyHAAN HUCM YUYH
(17.28) xabu myHocabat Ty3u6, 6y mynocabaria 6yaaKkuaJapHuHP
MACCANapUHM HOATA HHTUATHPHO JuMmutra yramus. Hatuwaga
WKHCMHUHT KHRETUK MOMEHTH VUVH

[ -

\r><v)dm

}

-

(bopmyna xocu1 Kuiamus, DynAaa V= X I 9KAHAMTHHN BA © 6yp-
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ygK TE3JUK BEKTOPH alJdadull YKu Oz Oyiinua AyHa A6, HHTEra
paara GOFAMK 3MACAUTHUHM 3BTHOOPra oMb, KHCM KUHETHK MO-
MEHTHHUHT [POeKUUAsapunu XuCOGaaminuHr Kyhuparn Gopmy.ag-
Japura ara OyJaamna:

LO: = — ‘-xzdm LO, = — mj'ym’m Lo,'—' w i (-’Cz‘l" y )dm'
(M) (M)
Byaapaan 3ca
dl .
9% - —ej xzdm + «® {yzdm =—cl 4+,
at ) ()
al
—2 = —e(yadm - w? | x2dm= — ], ~ ¥, | (185,
at () (41
dL
07 e f(x*—}—yQ) dm=e- [,
dt o

xenu6 uukagu. By epna /., /,, — MUCMHHHI MapKa3sliaH KOUyBUM
nHepuus MoMmentaapy, [,, —sca xucmuuur Oz §xKa nucbartan
uuepuus MoMentHnan uGopar. (18.4) ma (18.5) TtenrsukaapHu
{18.3a) ra Kysamus:

—Meyo — Mo*x, =R+ Ny, + Ny .,
Mex, — Mo?y, =R, + Ngy + NO,y’
0=R,;+ Ny,
—tl + oy, =M, —00,-N,,
My, + 00, - N, ,,
EIO:. = 4”
Bownanruu waprrap Gepuarauaa (18 6) TenraaManap KarTui
XKUCMHUAC AKTHB KY4Jdp TabCHPUAArH XapakaTHHH TYJHK aHUK-

Jaiau. (18.6) paru CyHrrd TewrsaMadd af0XWAd KYpuG UYMKaMu3.
Yuu

(18.6)

i

—ely, — w?/,,

(2}

Loy~ 9 =My, (18.7;

Kypuuuaa €3uil MyMcud., By TeHrnaMauuHr YHr TOMOHU AKTHB
KYUJapHUHT aflilaHuIl yxura HucGatad 60U MOMEHTHAAH u0O0par,
(18.7Y redrnaMa KAMmMuK HCUCMHUHZ KY3FAAMAC YK AmMpPoguia
aiirana xaparxamu Ju@@epenyian meH2AAMAcE AeRunanu.

(18.7) TenrnaMaHy KaTTHK IJKMCMHMHT WJAr3PHAAMa XapaKaTH
audpepennuan tenraamacu (18.1) 6usaan Taxgocaald, XUCMHUHT
HHEpUHA MOMEHTH aijaHMa XapakaTha uHepuus yauosu cudardpa
HAMOGH OYJAHMIWHY KYPAMH3, SbHU ICUCMHUHZ QUAQHWW JKua
HUCOAMAK UHEPYS MOMeHMIU QRAGHMA XAPAKAMOARIL HCUCH-
HUHZ nxepmauzunu deazuqaiou,

Arap xucwhHuHr afifaHuW YKHra HUCOATAH HHEDUXs MOMEHTH,
KUCMra Kyfuarad Ky4aapauur afigasunm ygura sucaran 6o
MOMEHTH MabAYM €K1 YHH xucobaam mymius Gyaca, (18.7) and-
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depenunan TenrsaMany Oepuaradg OCOULIAHFMY LIAPTAAD ACOCHIg
UHTerpannal, XapakaTHUHF ¢ = ¢ (/) KOHYHHHH TOTHIU MYMKUR,
(18.7) nam kypamusku, XuCM afijaama XapaKaTHHHHT Teuria.
Macu GoraauuiIap peakuuanapra Gorauy Oyamai, ¢akar axrug
KYUJapHUHT Y3uraruua O0fauK. 2KucM XapaKaTHHUHI TeHr/aMacy
AHUKAAHTARUARH CYHT ©, €, X, ¥, aAsanui Oypuard ¢ opxany.

uposanaHdmy MyMKuH O6yaul, (18.6) HUHT KOJaTaH S Ta TeHraa-

- . . . -
Macunarw Noo, Noy, N, Np 0 N, peaxuus kyunap auugaa-
naaun. (18.6) Tewrnamanapas Kypamusky, O0F/NAHHIIAAD PeAKUHs-
Japy KHCMAArd Maccajap Taxcumorura Goraux Oyausm Guian Oup
KaTopia, JKUCMHHHI XapaKaTura, XywmJjalan YHHHr o Oypuyak Tes-
JUry Ba ¢ OypyaK TE3JIAHHIIUIA XaM GOFJAMK OyJanu.
Mapaymku, GOFNaHULIAAPHMET peakUMAAAPU IKHCMTA TaBCUD
Kuica, Oy peakuusnapra TeHr, Kapama-kapliw AYHAITaH Kywiap
3ca GOFAAHMIIAAPIa TABCHP Kuaanu, A ucMm KaTra Tesnk Oujan
afnarasna Oy Ky4aap XucMra gKy#u/iran akTuB Ky4Japaad xam
Karrasawub KeTHwH MyMKuH. Afinanma xapaxkat KHJAYBYH KHCMH
60op Kypuamanapaa OyHAal KyunapHUHr na#ao GYJHWE 3apapau
Ba Xas@paunaup. Karra resnniaapaa 0y xyusap GOFIaHUILAAPHURD
CHHUWINWIA, TYPAH XM aBapuaaapHunr Keiub uugumura cadad
Oyauwd Mymiun, Afiranma xapaxat jasomMuna GyHAad KyuJapHUHD
nafio 0y AMacidry Ky pHAMaiaDHUHT PABOH UULJIALIMHE TABMUHAAN-
an. (18.6) temraamanappau KYpunapuxy, arap afaAHUM  YKU
AMUCMHHHT MaCCanap Mapkasuual yrea (6ysaa X, =y, =0) Ba Oy

YK OKHCM  YYYH HHepuus OOw ykaapuias Oupu Gynaca (Gyuna
[xy =1y, =0),

(18.8)

Teuraamanap xocua OGyand, Ooraa-
HULIJADHUHT PEAKUUANAPH M UCMHILHT
xapakarura 60Fauy Gyamainu, Uly
6usad 6up xaropaa Oy peaxuusaap-
uy (18.8) Tenrsnamanapaag OeBocuta
aHugJga Mymxud O6ynapu. WlyHurr
yuyH afiiaHyBun Kucmaapa 60p Ky-
puaiMaJIap aiNaHuIl YKAaDH YAAPHRHT
MHEpUHA Mapxa3sapyiaH yTaauras
Ba Oy 9Kaap unepuus Gow yKjiapu-
fan Oupn OGyaanurad  Kuau0O aca-
A3,

55- macaaa, Maccacu M OGyaran
18.2- pacm. KaTTuK xucMm € maccanap Mapxa-
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suaan  Yyr™adauran Oz  TOPM3OHTAN YK atpoduia y3uHHMHT
OFupJUK Kyud Tabcupuia tebpanaan (18-pacm). Afaanum yxu-
Ian Maccanap wMapkasuraya OyJarad macoda OC =a, HUCMHUHT
aflanuWl YKura nucbaian uHepuus MoMmeHTH [/ ra teur. Bowaan-
ruu naitna OC KecMa BepTHKANAAH ¢, Oypuakka OFAMPHAHE,
KHCMra o, 6owaanruy Oypuak Tesauk OepuJarad. AlnaHuw 6yp-
yard ¢ HUHC KHYUK KHi#Maraapuaa :KUCMHHUHC xapakaru, teGpa-
HUII NABPM AHUKJIAHCHH,

Eumur. Macca mapkasugan yTMafiaurad ropusosTan §¥ atpo-
¢Guaa afinana onanurad xucMm pusux mebparaud neinaanv. du-
3MK TE€OPAaHrMYHHHT XapaKaTHHU aHUKJAAW YYYH KHCMHHUHI KV3-
Fasmac yK atpoduna ahzanma xapaxkatd auddepenuuan TeHraa-
macu (18.7) man doiizasanamus:

l9=AM,,.
Bywpa M, = —Mgasine, /,, =/ 6yarauu yuyd TeHraamanu
]; =—Mgasing
.97}
¢+ sing =0 (1
Kypunnwna &ésmm MyMmkud, (1) ndona usux mebpaneunnunz
ouggeperyiianr menziamacn peinaaLH.

XapakaT BaKTHAa ¢ 6ypyak KHYUK KufimaTaap xaly/ KWiranu
yuyH, sin¢ =~ ¢ ne6 oaum MyMkuH. LIIyHHHT yuyH

_Mga
= @)
Gearunaw kuputul, (1) HU Kyfinaaruua ndonasaiMus:
¢ -+ kio=0. (3)

(3) sca apkun Tebpanma 3XapakaT Auddepenunan TeHrAaMacHHH
udponananinu, bBepuaran =0, ¢ =9, o= o, 60WIAHFUY WAPT-
aapra xypa (3Y Auddepenumnasn TeHraaMa eyuMH

¢ = $,COS &yt - %’ sin &, ¢
1

&KH
¢ =a,sin (k¢ + a) (€3}

Teurnama 6uaan udoaananud, (4) ga @; Ba a GOUIIAHFUY WIAPTIAP
OpPKalu TOMUAAAM:

F
2 w &

a,= l 3, + % a=arctg B,
kl w9

®usnk Te6paHruy TeGpaHHUl NABPHHU AHHKJAHMH3]
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- {
= = J= |- .
U L Mga® £5)

(3) Ba (5) nu (17.50) Ba (17.51) 6usnan TaKKocaab, Pu3nk Tes-
paursy  yayHJAUTH L=m— Oyasan  maTeM.Tuk TeOPaHTHI Kaby

XapaKaT KuJMIIMHUE KyPaMmu3; L ySyHJAur puauk meopaneuinunz
Keamupuaean Y3YHAUZIL Jeinnanu.

100- §. KatTug xUCM TekHc mapajnej XapakaTHHUHT
augpepernual TeErIamManapn

MabayMKH, KHCMHUHE TEKUC napajjes XapakaTuHM Xap OHAa
WHUCMAE OonuHran Ba KyTto neb aTtasysBum nyKrta Ousaan OHprajux-
Aa Oyaanurad uarapusaMa (Kyuupma) Xapakat Ba ywmoOy KyT6
arpcuparu  afinauma  {(HucOWf) xapakaTaapuUHT HUFUHAUCHIAH
nbopar neb kapaw mymrus. Ky16 cudarnaa mucuuunr C macca-
J1ap MApKA3HHY oJainuk. ¥ X018 JKACMHUHT KY10 Guaad GUpamk-
2 uArapu/aMa xapaxaTh KYTORMHI XapaxkarTd Ounan TYAHK aHKK-
JAagany; Kyro arpoduiary afijasva xapagaTd 3ca KUCM HyKrTaJa-
PHHUHI xapaxkaT TeKUCJAUrura Tuk Oyaran sa € HYKTaLAH YTyBUH
y¥ atpoduaary afinanma xapaxariaau ubopat Gynaanu.

CucreMa Maccajap MapKa3uHHHT XapakaTH Ba KUHETUK MOMEH-
THHUHT §3rapdiin  XakKujaaru Teopemanapaan ¢ofinasannd »ucM
TeKHC-TIapaAies XapakaTUHUHT Auddepenuvas TENIAaAMaNapUHH
Ty3amus. Maccazap MaprasuMUHC XapakaTu Xakuaaru reopesa-
nan qofinaaanud, gkyrd Gunan OupAUKAATH XxapakaTHurr Audde-
pesiuan TEeHrIaMaCHHH XOCKA KUAaMus:

z

ME, = Y Fu Myo= N
leml 1=1

Fiy (18.9)

Dynpa M—xucMHuHT Macca-
c, X,. Yy, — C uygrawuur
/ KHCM XapaKaT TEKUCAUTHra
2 ; napajiiea  Kuaud  OJLHIAH
Kysraamac xOv xkoopaunara-
Jlap TeKUCAUIHAATH KOOpAH-
naraxapu  (18.3- pacm), Fy,,
Fiy— XHCMra TabCHp KHays-
UH 3KTHB KYYJAaPHUHT (1 == 1.
2,..,ny Ox Ba Oy yxaap-
Aarn NPOEKUUANSPH.
CucremanuHr  maccanap

|

o1 e o Mapkasura HucéaTaH HUCOH{I
‘ - a T, XAPAKATHAATH KUHETHK MO-
MEHTHHUHT Y3TapHilly XaKu-
16,9 PACH. pard rteopema (17.33a) Hm
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JKUCMHMHT MAaCcaaap Mapkasuja oJuHral kyréra nncbarau xapa-
KaTura TaTouK 3THO

1,3=Nm F) (18.10)

t=1

TeHrAaMaHu XOcua Kuaamu3d. Dyxaa / — wunemuunr C Hygrajgas

yTyBuUM Ba XKUCM XapaKaT TEKHCAHTMTa THK OyJ/ral ykKKka HucOa-
TaH HHEPUMA MOMEHTH, ¢ — KyT10 aTpoduaaru aisannw O6ypuaru.
(18.9, Ba (18.10) Tedraamanap OUPTalUKAA HCUCHHUKZ MEKUC nad-
pasres xaparxamy dupgepenyuan meneianaiapuriu wdosanai-
A4, 7KucMra TabCcup K4Jysuyd Kydaap Ba Terullad GOMAAHFUY
wapraap Oepuaranna Oy TedraamanapHu uxrerpaaiad, X, V. Ba

¢ HH ! BAKTHHHI (PYHKUHACH CH(ATUIA AHHKJAUI MYMKHH.

Texuc mapaniea xapaxkar KUJAYBUW XKUCM GOFNAHULWAAD TABCH-
puna O6yqaca, (18.9) ea (18.10) TeHrraManapHUHT VHT TOMOHJI3PH-
ra GOFJaHUILAAD peaknuasapu sa yaapuunr C wyyTara zucfartan
MOMEHT/IaPDH Kupagu. MabayMKH, GOFAaHULIJADHUHT Peaxuuaiaph
AKTHB KyuJapra Ba yMymaH OJIaHia, XUCMHUAT Xapakatura xam
6orsaug OYsamu. Dy xosna KUCM XapAKATHHUHT TEHT1AMAAAPH
61nan Oupranadkaa GOFAAHHWIAAD PEaKUHAAaPHHE aHUKAAW YUYH
(18.9;, (18.10) Tenrsamasnap xaropuna COFAAHALUAAD TEHTJaMaja-
DHHH XaM OJMUI KepakK.

56- macasa. Orupauru P G6ysaran A ok (18.4- pacM, a) nactra
Tywn6, OFUpaUTH Oyamarad Ba uysuamafauran un Guaan £ Fua-
NMPAKHH TOPH30HTA HM31a CHPFAHMAH FUALMpAaira Maxoyp Kuaa-
An; ua Kysraamac D 6J0KAaH yTkasuarad Ba 5 Gapadakra ypaa-
rag. [ GAOKHWHT OFUPJMTH, YKAapAArd uUIKAT4HHII XHCOOra
onunMaiin. r paguycan B 6Gapabas K paguycau F FUIAHPAKKE
OMPHUKTHDUATAH; YJaDHURT YMYMHil OFupauru (J ra rtewr, macca-
Jdap mapkasu C JaH yTyBYM TOPH30OHTAJ YKKa HUCOATAH OJIMHIAH
MHEpUUH PAAMYCH 3Ca p ra TeHr. A WOKHUHT TE3JaHHUIH TOMUACHH.

Euuir, CucremMa xapaxartanu AL unnd gupkuw opkaan A
KUCMHUHT TYFPU 4H3UKAU HArapuiaMa xapaxarura xamaa 6apabau
Ba FUALMPAKAAH HOOPAT KUCMHUHF TeKMC fapajnes XapakaTura

i
————
>4}

i)ﬂ
7
i
Tttty 14 YT 4
-~ . £ .
18.4- pacu,

—

20— M/,kambxméﬁ’



axparamus (18.4- pacm, 0). Bynaa xap GHp KHUCMHUHT MKKHHUH
KUCMIa TABCHPHHH HIAATH TAPAHIAMK KYYH OHJAAH aJMamiTHpa-
Mu3.
HBIOTOHHUHAT HKKHHYM KOHYHHMra kypa A 1ok XapakaTuuu
P
—w,=P—T {n
4
TeHrJgaMa Guaan udoaanaw MyMKuH. DBapa6an Ba Fuaaupakpad
n6opat JKUCMHHHI TEKHC napajnen xapakath anddepenunan
tenraamaaapu (18.9), (18.10) ra kypa Kyiiunaruua €suaanu:

mx, = 1,—F, (2)
my,=N—Q, (3)
I,g=Ty+F-R (4)

(2) — (4) Tenrsiamanapna rusdupaxK 6unaH W3 OPACUAArH KL~

-
KaJaHuil Kyud £, UBHUHT FUAAMPAKKA HOpMan peakuuscun N, A
—

IOKHUHT FHJANPaKka Kypcataguran tascupd T, kyu Ouaan udo-
jpanaaurad, [ OGAOKHUHT OFHPJAMTH *Ba VKJapaard HIUKaJIaHHI
ypTHbOpra oaunMaraun yuyd 7, = 7, =T 6yaann.

-— e =

(1) — (4) renraamanapna N, Ty, F, w, BeKTOPJaDHUHI MUK~
AOpJapH HOMabAYMAMp. Dy Tenraamanap cucremacuaah, yMyMman,
XamMMa HOMahJyMJapHH aHHKAAW MyMKHH. C HYKTa TYFpH YU3HK-
AW XapakaTaa 6§arasd yuym y. = const, 5;(.=O; 6unoGapun (3)
nan N =Q keanb ungany.

C HyKTa Te3naHHUl @, =X, A 0K Te3JaHHUIA OPKAAH Kyiiu-
aarpda udonananain;

___R
“ Rt

Fuanupaknunr Gypuax Te3aanuuin ¢ 3ta w, OpKaau Kyhnaa-
ruya OOFJAHTEH:

w w

A

Ty
R+r

?.—_—_

Fuanupax Ba 6apabaHnunr uuepuus MOMeHTH 3ca /o= -:?—pz top-

MyJsa GunaH anugaavaau. HaTwxana Kyfingary Tenraamasap cuc-
TEMACH X0oCua Oyaanu:

f'w‘=P-—T, (5)
Q R
?-R+rwA=T—F, (9)
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3] . -
-Z—R:_ w,=1r+F-R. (7)

(6) Tenrnama Xxamaapuuy R ra xynairupu6 (7) tenraama Guaan
XaiMa-Xak KymaMus:

Q R+
L e, = TR+ 7). (8)

(5) Tenriama xansiapusn (KR -+ r) ra xynaltupu6, (8) Tenriama
6unan XaAMa-xajl Kyucak, @, ra Huc6aTtay TeHrjama Xocua 6y-

Jajin:

R Q.R"‘.P‘ v.' =
TR+ +2 TG, = PR+ 1),

By udonafan w, TOOUIALH:
w. - PR 4 r)? .
A PR+ QR + 9y

Auau Kepak 6yaca, (5) sa (6) Tteuraamanaapaad 7 Ba F HH
XdM TOonHUII MYMKHH.

g

101- §. KaTTuK JKUCMHHHT Ky3FaaMac HyKTa atpoduiaru
altaHMa XapakaTUHUHT Luddepedtuan TeHraamManapu

Bupop gysranmac O nykTa atpodmiaa allanyBuM KaTTHK XHUCM
Gepuaran (18.5- pacm). Ymby HyKTand KOOpAHHATAAAD 60U KH-
au6 xysraamac Oxyz Ba KuCM OuAAH OOFJAHTAH KY3FaayB4YM
O, KoopAuHaTanap CHCTEMaCHHH KupuTaMus. Kenaxaxaaru Xu-
cobMapHy  eHruanamTupum  Maxcaguwpa Oi. Ow, Of ygaapuu

163 pacw,
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XHCMHUBT HMHepuus Oowl Yxaapu Oysaaurad KMJIuG yTKasaMus.
KvHeMaTHKanan MabAyMKH, KHCMHHHAT Ky3Faamac HygTa arpopria-
T xapakatu ¢, b, ¢ dilmep Oypuawsapu Ouiau TyauK aHHKAAHALH,
XapakaT MHKAODHM Ba XapakaT MHUKAOPH MOMEHTHHHHI y3rapuiln
XaKuaaru Teopemanapian ¢oiganranub, itnep OypuaKknapuHu
XHCMIrd TabCHP KWAYBYUM Kyu/ap Ougaald OOF/AafiAMraH TeHraaMa-

Zapui Tysamus. K OpKaau XKHCMHWHD XapakaT MHKAOPH BeKTODH-
HY, f, opkaau yHuur O HykTara HucOaTaH KUHETHK MOMEHTH
BEKTOPHHH, R Gunan mucmra KYAW/IraH aKTUB KyUYadpHUHT Gour
BEKTOPHHH, /.1710 6uaan 6y kyunapuuur O HyKrara HucGaTan Oow

o
MOMEeHTHHU, /N opkaau aca O HyKTajaru peakuus Ky4dHHu Oearu-
Aafimu3. Y 30442 cHCTeMa XapakaT MHKAODH Ba KHHETHK MOMEH-
THHUHT y3rapuwi xaKularn TeopemaJapra kypa

4 _R 4N, 4 (18,11)
dt
ar, -
—_ 18.12
at My A )

oynanm. (18.11), (18.12) teursaamasap TeKmUPUAAETTAH XACM
XaDakaTUHUHT BEKTOP KYpHMHALAATH Anddepenunan TeHraamana-
puaup. 2Kucm xapakatiHu XapakTepJ aifurad ysrapysuujaap —
Ditsiep 6ypuaksaapu 6y TeHr/amasnapia AMHUPHHE PasHuijla KarHa-
mwand. By Tewrsamanapyv CUHUIHUHT YMYMUB TapTuOu KyHAwparu-
ya 6ysanu: appano (18.12) Tewrsama TerullaMm KoOpAuWHATANAD

-

yKJAApUra npoexuusaauzid Ba L, BeKTOPHHHT npoekunsapu Oit-

Jep Gypuak/aapd opkaau udopanapaniu, Cyurpa 6y TeHr/jamanap-
nau Dfinep Oypuakjaapu aHuUK/JIaHafd. DfJep Oypuakaapy aHHK-
JAHTaHUAAH KeHuH KUCMHWHID  Xapakat MHKAOPH aHUKJ/AHU I}

myMmiun. (18.11) nau ¢oiirasanné O nygTagaru N peaxkuust TO-
nHuAanH.
—3
dL,
Macananu mwy rtaprubia MyKaMMaJpoK TexIIdpaMus. e %0~

cuna Lo BeKTOp yuunuHr abconioT Tedaurund ndosanaiinn. Tes-

JKJADHH KYLIMUI Teopemacura acocad L, BeKTOp yUYHHUHT abco-
JIOT Te371UTrH Ma3Kyp BEKTOP y4YHra MOC KeayBud HYKTAHHHI HUC-

6ufl Ba Kyuwpma TesJuKJapu HuFMHAucura tewr. Bynma L, BekTOp

yuunuHr HucOuit teaaurn L pexrtopAau Kysranaysum Ol cucre-
Majlad OJNWHTAH 40KaA Xocuaara Tedr. Byupiait xocunara aucOu..
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~——

dL -—
XocuAa XaMm Jednaamu. YHu _dl—o opkajau Gearunaimus. L. Bex-

—  -e

TOP YUHMHHHT Ky4HpMa TE3JHIH 3Ca « " [, BekTOp Kymaiitma Ou-

JaH aHUKJaHALH, GYHAA © — XHUCMHUHT OHUH 6YpyaK Te31HK BEK-
topu. Wynnait kuaué (18.12) Tenrnamanu

ilyg  — = =
(4
—Tl‘—- + n X Lo = Mo
KkyprHuwaa é3uw MyMxuH, By Tenraamaun Ol KoopAunartanap
cHCTEMAcH YKJapura ApOeKuusaaimMus:

dal
_a[ﬁ + (0, lo. —wl,) =M,
dL,
dt" + (o.Ly—wly,) =My v (18.13)
al,
_.d_li + “"eLOq"“’nLoe) =M0c'

Byuna L, La,', Lo oy, , o Mo Mou, M, — MoC paBHuIAR

L, w, M, BexKTOpMapHuHr KY3FaayBuUH CHCTeMA YKJapujard

npOeKUUsIaPH.
L LO,‘, L, npoexuusaapau xucodaaiimus. Mannymxu, (99-§)

e R
KarTHK MUCMHMHT L, KUHETUK MOMEHTH BEeKTOPH 1.O= ‘(rxv)dm)
(A1)
YHHHT NPOEKUMAJAPU 3Ca

Loy=((mw —tvydm, Lo, = ( (o, —Ee)dm,
(M) (A
Lo ==.S (&v, —1v,) dm s (18.14)
(M)
¢dopumynanapaan anuyJanagu. Kyasraamac nyxra arpoduza ahaa-
HYBYH XUCM HXTHEPHI HYKTACHHUHT TE3JUTH T = f-\; ditnep

(opmysacuian TonuaaiH. By TesnMKHMHr npoekuuaAnapu Kyiiu-
naruya:

v, = qu —on U =of—al, v, =an— o b 418.15)

Bynna %, m, {—KuUCM HXTHEDHI HYKTaCHHHHI KOOPAHHATAAADH.
®, ®, o HHHT MHTErPaira GOFJHK IMACAHTHHU IBTHGODPra 046,

(18.15) un (18.14) nunr Gupunun Temrjamacura Kyficak,

L, -=m, s (F + Bvdm — o, (I brdm — w, 5 tvdm

(213 .
) M) M)

. | § ¢ M
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xocua 6yaapu. By epaa 5 (4 P)dm =/, — KaTTHK IKNCMHMHT
(41

O, yxxa HucOaTay HHEPUHS MOMEHTH, f&n dm=1I, Ba éi'.dm -
) (4
= /. — MapKasgaH KOUYBYM HHEDUHH MOMEHTAapuAup. XYALH

WyHUHTJeK, Xucobnawnapun L, Ba L, yuyH gyanacax,

Ly=lw — ltmq_ Iy,

Loy=—ho,+ Lo —1 w, 2 (18.16)
Loy =—tfyo + 1o, — I o,

dopmynanapra spuiuamus, Kupuruaran Ofv{ xOOpAHHATanap CHC-
TeMACH YKJapu KHCMHWHT KOOpAuHaTajdap Gowura uuctaTad uHep-
uus Gows Yxnapu Oyarauu yuyd fy, =/, =1 =0 6ym0, (18.16)
dopmy.anap

Ly = Lo, LOTl - /"mq, Ly = 1w, lq 18.17)
KypuruwHy oaaau. (18.17) mu (18.13) ra K§iiub Ba XKUCMHHHI
Ofbvf, cucrtema ¥xaapura HuUCGaTaH HHEPLMA MOMEHTJAPHHHHT y3-
rapMac aKaHJAurueu apTUdOpra 0aus,

4

do;
l! 7 + (/‘ —-— l'l) (l),;(n: = A”OE’

do,
/nEL’F([e_I:) ‘”a“’::’MOn' 5 (18 18)

duw,
/. - +(l, — ) v, = M,

TEHTIaMalapHd  XOocu/d KuJaamus, DBy renriamanap Sizeprune
ounamur meweaamasapy aehunana. (18 18) Tenwrsamanap ouuil
OypUaK Te3/HKHHKT mpoeKuusjapura Hucbaran GUPHHYM TapTHOAU
unsuKad 6§amaran auddepenunan Tenraamanrapaup. (18.18) tenr-
JaManap JANepHUHT KYyHuJard KMHEeMAaTHK TeHrJiaManapu

we=v§sin0 sin s 4+ 0 cos 'R
mq=u§gsin 6 cos o — lsin g, l w (1819)
o geos 04

Ousan Gupranykia Kys3raaMmaC HyKTa aTpoduaa xapaxaTAaHysuy
HUCM JUHAMMKACHHHHT TYJQ TEHTJ1aMa/7apH CHCTEMACHHH TallKua
Kunaju. by teHrnamanap e€pmamuaa chepux xapaxaTiaru KHCM
NUHAMUKACHHUHT OUDHHYM BA HKKHHYM acoCuil MacanalapuHyu Xxal
KUIHIl MYMKHH. By epaa wyun kaia atuw kepawku, (18.18),
(18.19) Tenrnamaaapuu uuTerpasiamr Basudacu Mypaxkkad mate-
MaTHK Macajagup. Xo3upua xap Kaujxai Gowaayruy mapraapaa
xaM (18,18, (18.19) teurnavanapu HHTErpaaiallHUHT ¢agar y4ta
310
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y

xycychil X0au masxya. By xoanap Jidaep, Jlaepanow sa Kosa-
A€6CKAST HOMJIApH OWJaH IOPHTHAARHM,

Kysraamac Hygra atpoduia KaTTHK XHUCM HHepluus Ouian xa-
paKaTAaHran x04 Sinep xoan pednsagyu. By xoapa wucMmra
TabCHP KHAYBUH kyunap € myBoO3anatiamran 6yaanu, € yaapuuur
TEHT TabCHP TYBUHUCH MaBwKyA Oyanb, y Ky3raiMmac HyKra opka-
A4 yTaau Ba Oy HyKrara HuCOAaraw MOMEHTH HOATA TeHr Gynaan,

Jazpanoc xoru0a WHCMA2 CUMMETPHS VKU MAaBXYA 6me6
YCUCMHHHT OFMDJIMK MapKa3u Ba Kysfaamac Rykra Oy yknra éraau
(Oynna IE=If‘). KucM dakar orupauk Kyuu TabCUPUAArHHa Xa-
paKaTaaHalm,

A =1ﬂ=2[, 6yaub, KUCMHUHT OFUPAUK MApKAa3u YHUHT HHep-
Hps  SAJUNCOMAHHKHHI 3SKBATOPHMAA TeKMCAMTHAa €Tajuran  xoJ
Kosaaesckass xoau pepuvnagn.

Pus Jiinep xosnnu Kypud YnKamus,

102- §. KaTTHK KUCMHHMI Ky3FaiMac HyKTa atpodwuia
uHeplinsd OHJaH XapaKaTH

IOkopuna TavkunnaranuMusaex, 6y xoa Moe =Mm =M, =0
6uJsian xapamepnaﬂaau By xoa yuyu (18.18) tenrsamanap

ng—r( -—1)(!)(1)-—-0
dw

Iy Uy — 1) wee =0, (18.20)

da,
]‘T-’- (/,—lyw w=0

KYPHHUUWEBH onand. ABBalt w, ©,, W HH BAKTHHHT QYBKUUACH Ci-
datuna, cynrpa itnep 6ypuakaapuun yJaap épaaMuAa aHuK/aLl-

HURT Gab3u #yanapu O6uran Tanwwamus, M, =0 Oyaranu yuyH

->

dL,
XapakaT MHKJAODM MOMEHTH TeopeMacura acocau Z’z—(=“ pal , =

—const (L,=L1%) 6yaamu. (18.17) nan
/iu:f-{- f:‘m:—}- Iéw::[.‘{f (18.21)
(opMmysiara sra 6yamus.
Ouau (18.20) TenrsiamanapHu MOC PaBMILAA wy, ®,, O, T2 Ky-
nafitupub Kywuo qmqamus'

—[—/m ———!—/w t =0

d
2 ? [
dt Vfgwg + Loy 4 gy =0
www.ziyouz.com kutubxonasi - -

Ml-—-l



Byunan

fwd L f &A= w, = 2h = const (18.22)

xocui Oynagu. (18.22) na £ — ysrabpmac sueprusuu udonansaiau.

(18 21) Ba (18.22) na w Ba w. uu @, OpKaM HPoAasaiiMu3 Ba
Gupraauk na

/.;mé'-}- I'.“'; =04 — 1w, l

TR ; - 18.23
liw + /",\u- =L5— 1 l ( )

Kypunuimnxa é3avus. /, sélq xoauia (18.23) HUHr GUPUHYHM TeHr-
JaMacuHHu 1" ra kynaftupu0, Oupulal UKKHHURCHAM afHpcak,
cyurpa /y ra KynaiTupa®, Wy uUIHE TaKpOp.aacax,
2 __ P 12X —_ K

L(l— 1) oi= 20 = Lig =1 (1, — 1)

, e 3t . 18.24
(= lgwy= L= boh— Ll —ryut | (829

xocua Oyaanu. Dynna
20l — Lg=a, — L ([, —1) =B, L —[2h=7,
— L (l.— ) =i
Gearunauaap xuputud, (18.24) wu gyfinaaruya €3amus:
/e(/q — )0 =a4 jol, I
oy =t} =1 2o |
By reuraavanap cucrevacuua Supramukia equs,

(L= L) wer, = —— |/ [a F Bl (1 307

V el

MyHocaGaTHd Xocun Kuaamus, By udpopaun (18.20) nunr yuuuau
TEHrAaMacura KysaMus, y xo/na

Yy A =0

at Ll ’ i& 4

kesmd uuianu, TenrsaMagary ysrapysduaapud axparamus:

du; - dt
(a + 30)%)("( + Gwé) I: ’/f Iﬁ l )
Haruxana
Ry dis.
A : - = - —1— 4 C  (18.25)
I b iad) W VT,

Xocua 6yaanu, C—uurerpan goumuiicd. {18.25) HuHr yan TOMO-
HUAATH HHTErpal 3AauntHK unterpanaup. Ulynaag guan® ¢ pagr
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Guiay ®, HUHT 3AAMTITHK QYHKUMACH Opacuiard GOFIaHHI TONuAap
srall, » BAKT { HUHT Qynxuuacu cuaTiia aHHKAAHTARUAAH KehnH
(18.24) Tenrnamanapnan w Ba « XaM BaKT ! HUET DYHKUHACH
cupaTHaa TOMUAaLH, waom w, ® B2 o, HU JHJIEDHUHT KHHE
MaTuK TeHrjamasapura Kyiuo, ynapﬂaﬂ waep OypuaKJapuHy
pakTRUET Qybruuscy cudathnd aHUKAAL MYMKHH.

KaTTuk >HuUCM KY3FaAiMaC HYKTa aTrpoguiard XapakaTUHUHT
Diep TEKWHUPraH HKKUTA Xveycull Xoannu xypul yukamus.

1) /; =/ = /. Bynaa Kysraamac HyKTa KoOpAunaraiap Go-
WHAa Oyaray HUCMHAWHT HHepunus 3ajuncongu chepaian ubopar.
(18.20) Tenrsnamanapaan

dw, do.,, do.

t 2 =0 L =0 L =0

3KaBAMrH Kemub YHKaIM. Bynaan o =Cy, o = (), o, =C;, sbun
ouuil Oypuak Te3NUKHHHT MOAYJW Y3rapmac 6yaanu: o = const.

‘ =/ -
MkKunun TOMOHAAH Mabaymkh, L, = lw, LOW /o, Lo, I:(n,‘,

L L Lo,
Byunau lp=/ =1[ =k Oyiraun yuays LI .
tlle ‘uﬂ Lv)c

ALHU © BA L, BEKTOPAAp KOAJHHEaD BEKTOPAapAUp. L aL"

—_——— — —— e

= const aa4. ¥ X043 » = const, sbHr Oypuak Te3auk AyHAAH-
my XaM y3rapmac OGyaany. LJyHaan Kuaub 6y X042 HKUCMHUHT
Xapakaru xysrajimac yx arpoduja ysrapmac Oypuaxk Tesauxk Ou-
Jaay Oyaanuran afinanma Xapakartiad udopar GyJaiu.

2) ly=/. By xon1a (18.20) wunr yuumHuu TEHrJaMacunaH

’u:" =0 6§aud, o, = C, keané ungagu. (18.20) resraamasapuu
MOC paBUUILA w, mn, L | K}“/naﬁmpné KYIaMu3:
fo 20 4w, 22 < 0
" -+ " ar at
éxn
d (I} + 1,02 4 I7) = 0
Xocusn G¥nazu. Bynaau
2 2 2
lwi Inmn + 1o =Cy
HPOLAHY XOCHA KUAaMus,
w, ysrapmac Oyaravu yuyn oxupru udonansu
/5 (m'i-' + m:) = Cy
€xn
mg + Lu: == C4
€3uw MyMKuH DBunoSapuH,
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(02'-:(0"—{—0)?—[-(0?:05
skaH. Kypamusku, Oy xo.1a
XaM OHuit Oypuax Te3JANKHUHI
MOAYJIH y3rapMac OyJaanTd,

Bepuanmura kypa: Z’Ov——L_;=-

= const. Kyaraamac xoopau-
Hatanap cucremacuuuur Oz

-

ykunu L, BekTtop Oyitnab

04110, L'o BEKTOPDHHUHT KY3-
raaysun Ol cucrema yx-
18.6- pacm. Japuaard  TPOCKUHANADUHH
andgaimus (18.6- pacm):

Log=Lysin0 -sing, L, = Lysinfcos 3, ] (18.26)
Ly.= LycosO,
Hkkunuu Tomodnan
Lo = b, Ly, = /,,wq' Ly =1luw, (18.27)
(18.26), (18.27) MyHoca6amapHu TaKkKocaao,
Lysinfsing = fw,
L,sin B cos ¢ = /,‘(nn. (18.28)
Lycosb = /o,
MmyHocabaraapra sra 6ysaaMus. (18.28) uuur yuumunuucugas
0 =0, = C, (18.29)

3KAHIUTH KypHHaau. (18.29) nu 3bTHGOpra 04u6 DAJIEPHUHT KM=
HEMATHK TeHrJaamansapuuu (18.28) ra }qyﬂmns'

L sln6031n<p=/ san sin g,
L,sinf,cosp = /, 4’ sin 0, cos ¢,
L c0560—1< cosf, + — )

Ba Teruul M KUCKAPTHPHIUNADHH 0aXapraHmad CyHT

ay L

&= 2= =n,

dt I
= = — .cosby, =Cy=n
dt l- 0 8 1

udonanapra spuwamus. Byugan
314

www.ziyouz.com kutubxonasi



Lp:ll!—{—!}'.,, o= n,t+4 @ (18.30) re

renraamasap xocusa 6yaanul LlyH-
nait Kuaub 8 =0, = const 6y.an6,
Ba ¢ OYDYaK/JIap TEKUC ysrapap aKau4
(18.29), (18.30) ndonanapaau’ KucMm
MYPAKKA0 Xapakar KuJaullg KYpH-
unb Typubiu. byunsa .xucmra Gor-
aanrad OL yx Gunan Kysraimac Oz
yK opacuaard fypuax yarapmainu. .
HKuen OF yx arpaduna MOLYAU y3- W
rapmac n, Oypuak Te3dauxk OCujaH
aiiaananu, OL §xuunr ysu 3ca Oz %'}’

-

VK atpoduna Yyarapmac # Gypuak /
T€3/UK Onaan afiaavagu. A{ucMuuHr f

f6ynaaii xapakaTtura mysmasam npe-

yeccus nedvaany. 18.7- pacw,

€

Y

103- §. FUpPOCKONHUHT 3MeMEeHTap HA3APHUACH

l'upockon ne6 KysranaMac HyKTa OPKaau YTyBUM CHMMETpPHS
YKU arpoduia xarra 1essaux Onaay allJaHYBYM XUCMIa alTHAAAH.
FupockonnuRr yMyMmuil Ha3apUACHHM KY3raaMmac HyKTa aTpoduna
X4paKaTJaryBul XKHCM XaPaKaTUHHHT KOHYHJAPH aCcoCHA2 fPaTUIl
MyMmiud. bus amaauit sxTtuéxksaapra eTapiudua xaBo6 OGepyBun
TUPOCKONHHHAT OHPMYH4A COLAA — SAEMEHTAp HA3apHsCUHM Kapab
uHKamu3. MpOCKONMHMHI 3/7eMenTap HA3aPUSCH CHCTEMA KHHETHK
MOMEHTHHUHI ¥3rapuily Xaxujiaru TeOpeMa acoCWAa KYPHJHUIN
MYMKHH.

FCupockonuner xapaxkaruia amofinG XyCycusitaap Ky3aTHIadH.
Fupockon xapakaTHHHHT XYCYCHATAAPUAAH TEXHHKAHUHT XKyia
Kyn COXajapujia, MacanaH, cyB, XaBO TpaHCHOpTHAA, acb06cOo3anK-
na wkeHr Qoiinanaguaain.

ABBaJO BepTHKAJ CHMMeTPUS VKW atpoduia aitaanysdu Oup
KUHCHY KUCMHH Kapaiauk. Aliannw ykuga 6upop O Hykra Tam-
4380 ymdy HyKTara Huc6aran XHCMHUHI XdapaxkaT MBKAODH MOMEH-
THHH XHcoOaaldMus. OfF K0OpauHATANaD YKHHW aiNaHHMW YK OM-
A3H YCTMA-YCT Tymaaurad Kuaul Osvi Ky3FajayBuYH KOOPAUHATA-

Jap CHCTEMACHHU KNPHTAMM3. ¥ xoafa, I, =/,.= 0 o, =n. =0
Oawapunranu yuyn (18.16) nman
I—:o = [c—";

—

keaub wnkamu. Kuemra OL yx ycruna €ryByn P OFMPAMK Kydu

-
6a O nygragard N Taguu DeaKUUsICH TaBCHDP KUIagH (18.7- pacm). i= .
KvHeTHKk MOMeHT XaKuAaru Teopeuvara acocaH

d—’ — - — —
d_to =M, (P) +”’0 (N),
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6yHAa ”fo (:3) - ;;;.“ (1'\7) =0, [, =/, Oyarann yuyH
{

.- —

L, =/w= const

MyHocaGatnu &3a oaamus. Lllyunpa#t xuyaub, Oy
XOJI13 XMHUCMHAKRT (THPOCKONHUHT) XapaKaT MUKXO-
PH MOMEHTH y3rapMac, rpoCKon ysrapmac 6ypuyax
Te3 K Guaad afnadagd, XxapakaT MUKAOPH MO-
MEHTH BexTOpd Ouaan O6ypuyak Te3JUK BEKTOpH
yeT™Ma- yeT  Tyaiu.
Ouau rupockon YKUHUHT O HyKTacH MaxKam-
JIAHT@H Ba YKHUHT y3H BEPTHKAJTa HucGatan upop
18.8-pacm. B Gypuakka orram Xoamu Kypaiauk. Tupockon
y3nnuur O cuMmeTpus VKM aTpoduaaru aiaanma
Xapakar Ba Oy yx Guaan Gupraankia Beprukan Oz yy atpodu-
Aarn aisaHMa XapakaT/JapHUHT AuUFMHAHCKHAAH HOopar 6yarad my-
pakkab xapaxaT Ku/iCuH., ¥3 yKu atpodunaryd ajnanMa xapaxaTi-

HUHT (XyCycuit afinanMa xapaxar) Oypuak TE3AUTHHH w;, BEPTH-
KaJa yK atpodupard afingnMa XapakaTHHUHP Oypuak Te3nuruny

3ca w, opkanu Gearuyaiiuk. I'MpoCKONHUHC a6COMIOT Xapaxartia-
r4 Oypuyax Tesmurd o= o, 4o, 6Yyaagu (18.8-pacm), Kypuunb

TypuOauku, 6y xoama BEKTOD XaM, FHPOCKONHMHT Lo KHHETHUK
MoMenTH Bextopu xam Of ¥x yctuna érmaiau.

— -
Fupockonuunr asementap nasapuscuia [o, > |e,| dapas gu-
JMHUO, THPOCKOMHUHT XapakaT MHUKJIOPH MOMEHTH

Ly=1ly, (1) (18,31

Ba GunoGapuH, L, Bexrop OL yK 6Vii1a6 dynanran ne6 onuHalH.
CucTeMa KHHETHK MOMEHTHHMHI Y3rapulliy XaKuAard Teopemajad
dofinanaHamus:

aly

=L = W, (2)(18.32)

Bytina M, —rupockonra Tascup Kuaysuu kyunapuunr O nykrara
2L, -
HucGatan Gow MoMeHTH. MabayMmk, o xocuna L, BeKTOp yuH-

HHHT MU3HK/AH TE3JMUTUMHM HpOAanaiiu. L, sextrop Oz ¥ atpo-

puna w, Gypuak Tesanux Omaan afiaawmmn Tydaiau 6y TE3AMK

— —_—

wy X L, KynalitMa opkatn aHugaanagd. ¥ xoanxa, (18.32) udona
ypHHTA

316

www.ziyouz.com kutubxonasi



Ll

mz X L MO
myHocabaTHi €3yl MyMKHH. (18.31 ra acocad oxupru ugona

Ly, (0, X @) = M, (18.33)

kypuunmug onanu. (18.33) Tenrnama 2upockon 3aemenmap nasa-

- ~
pusicurune acocuii menzaamacudar wbopat. By Tenrnama o,, o,
6vpuaK Te3JuK BEKTOPJAPHHH THPCCKONra TAabCHD KHUIYBUH KY U=
JAapHHHI THpockon K§sraamac O HykTacura uucOataw 6om  MO-

MeHTH Ousau Gorialian. M, — FHPOCKONHA XapakaTJaHTHPYBYH
KHCMJIAD TOMOHHAAH THPOCKONra KYHHAraH KyuY/JapHUHT 6Om MO-

— — —_ -
MeHTuAan uéopar Gyaca, M = — M, = 10: (v, X ®,) TUpoOCKON
ToMOHuAan Oy wucmaapra Kyfuaras Kyuaaaprusr COom MOMEHTH=
2UPOCKONIK MOMeRM Leivsall.

(18.33) renrnamanan dofizarann®G rEPOCKON XapaKaTHHUHT TYP-
AU XYCYCHATAAPHHM TYWYHTHpUIW MyMKHH. [Ilynapaar 6absunapu-
HH Kypaitauk.

1. Beptukan yK arpoduna afliaryBuud THPOCKONHMHT YKura
nepneHauKyaap Oyaram xKyd OnjaH yHI2 TabCHP KHAMRCE, FHPOC~
KON ¥KM MasKyp Kyura nepneniukyasp Oy/aras AyHaiumAa ora-
ou. By xoancanm Ky#inmaarnya TYWYHTHPULI MYMKuH, BepTuxaa

cuMMerpus YK atpoduia o, Oypuak Te3AuKk Ouaad afinanysuu
rupockon OepHarad O6yJacuH. [HPOCKONHMHT YKHUra yHra nepnes-

AUKYAAp AYRaAMIIAA E Kyu Tabeup guacre (18.9- pacm.) By kyu-

uuar O nykrara nucbaran M, momentu OF Ba F Ky4HHHT Xap
anura nepnemu«ymp pasnuuxa synananu. (18.33) ra acocaw,

w, BeKTOp w, opKaau yTyBUH Ba Mu ra nepneHiuxyaap Oyara

r
-,

Wl

IQ}‘

75

oL

18.Y- pacw. 18,10~ pacm.
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TeKHCAUKAA éTalH, =, BekTOp O yKHuur afinaddwunary 6ypuyax
TE3JIMK BEKTOpH Oyarauu yuyH 6y VK w, 'a nepneHguKy’adap pa-

BUIIAA BA AeMak, F Kyu fyHanuuiura xasm THK Gy.arad Aydanui-
Aa OFanH.

2. Twpockon XapakaTHHHHT KH3HK OUP XOJMHH — MYyHTa3aM
npeneccHant Kypauvus. MabayMKu, MyHTazam npeleccusina WUCM

6upop O cuMmerpusi yxu aTpoduia §arapmac o, Gypuag Tesaux
Ounan aiinavann, 6y YKHUHT ¥3U 3Ca UKKWHuUM Gup Kysraamac Oz

¥K atpodmuaa ysrapmac a;; 6ypuak Tesaux O6unaH aiaanaau (18.10-
pacM). Bynna Of Ba Oz yKaap opacnﬂam % 6ypuak ysrapmac

cakaanaad. 8 Gypuyakka wymayus Oypuazu, w, ra 3ca npeyeccust
Oypuiax me3anzy neddaanu,
['npockonra Tasyuy peakuunscuian Golmka (baxa'r C wmaccaaap

Mapxasura K¥ifiuaran P OFUPJIMK KY4d TabCHD KHACHH. KypuHHO
rypubnuxu, arap rupockon Of ¥K arpoduia aftnanmaca, y OFup-
MUK Kyud Tabcupuaa macTra duku/aaiu. Jlekudn yura Of yx ar-
podbuna afsauma xapakat 6epusca, § Gypuax y3arapmac cagaanub,
O¢ yx Oz ¥x atpoduna ainana Gowaaiaw. By Kyhwnaruua ty-

wynTapuaanu. P xyununr O wygrara nuc6atan M, momentn Oz
Ba OF yxaap opKaiau VYTyBYM TEKWUCAWKKA INepnesiuxydasp Gyna-

ad. M, BeXTOp rvpoCKOn KHHETHK MOMEHTH BEKTOPH YUYHHHHI
Te3NuK BEKTOpHTa TeHr. Jlemak, Oy Te3N1HK BEKTOPH XaM Tupoc-
Kon xapakard aasomuga Oz Ba OL yKaap OPKaIu yTyBYW TEKHC-
MMKKa nepnedankyaap 6yaub KoJaapepanu. ABBAITH KYPHJAraH XoJ-

ra acocad, rupockonuuur OU yku P KkyuuuHr P, Talmkua sTyBuu-
CH TabCHDHAR /-, Ta TNeprneHAuKysp HyyaJuliaa Teruwsaun To-

MOHra oOFanu., L. BexTOp YUHHHHT Te3aurH Xay BakT Oz Ba OF

YKJAD OpKad¥ YTYBUM TEKHCAHKKA TepHeHAUKYARDAUrHHU Cak-
aarann tydanau, 6yujaaft OFUILJIADHUHT KeTMa- Keraurd OF YKHUHT
Oz Y arpoduia afiaiMa Xapakatuuu Oepafid Ba 0 OGypuakHHHT
yarapMacaurinu tabMunaaian llynnai xuau6, MyHTasaM npeuec-
cusg comup 6yaanu.

w, npeneccus Oypuak Tezinrd Ov/1aH THPOCKOMHHMHI Y3 YKH
aTpoduaa afranuu G6ypuak Te3IUrH OpacHaard MyHoOcaBaTHH Kyp-
catamus. (18.33) ra acocan xyiuparunn €3ull MYMKHH}

[ty X 0)] = | M)

lO“'""'m sin b = P OC - sin 9.
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Byﬂﬂ.aH
w, « £29C (18,34

IOC . ml'

(18.34) opmyaafan Ky-
aMu3KH, o, Oypuak Te3-
JuKk  ®; OypyaKk Te3/HK=-
K4 TeCKapu nponopUHOHA,
s'bHH THPOCKOM ¥3 YKH ar-
poduia KaHuyaauK Te3 afi-
JaHCa, Y WWYyHYaJHK CeKHH
npeueccuaaaiau  (sepru-
KAl YK aTpodhuia y WyH- 18,11- pacwm.

YyaJUK CeKuH afsiaHanu) Ba

aKCHHYa, TUPOCKON ¥3 yKu arpoduaa KaHUaAWK CeKHH allzauca,
y WYHYaJuK Te3 npeneccusdNaiiv.

3. Arap rupOCKOTNHMHI OFHPJHK MapKa3d YHUHT TasH4Y HyKTa-

cuda Oyaca, rupockon YKUHUHT fiynaaumn ysrapmabhaun (18.11-
pacm). Xakuxatad Oy xoJapa:

M= m,(P) 4 my (N) =0.

—
—_——

dL, - -~ i
BuHobapuH, —dt’—' =0. Bynnan L, =/,. - w= const éku

® = consf

xocus Gfnanu. [upockon xapakaTuHuar Gy XYCYCHATHAAH HaBH-
rauus ac6obaapuina KeHr Qofinanauurand., Mucoa tapukacuaa sur
COALA TUPOCKOMNUK ac6Oo6—KapAaHJAd OCMAa FHPOCKONHH Kypadiuk
(18.12- pacm). Fnpockon potopn uukH pamara MogIUNHUKAAP Ep-

18,12- pacm,
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Ravuna yphatuaran AA’ cuuMmerpus §K arpobuna ainananu.
Myku pamanuur y3u Tawgu pamara nOAWMnHMUK.JIAp épaavdia §p-
naruaras BB’ §x arpoduaa, Talixu pama ca Ky3Fa/aMac NOAWHM-
HukJaapra ypHatuiran CC’ yK arpoduaa adiauniud MyMKHH.

AA’, BB', CC’ yxaap poropuunr O OFHPJNK Mapkasuia KecCH-
wanu. Hlyunai kuanb, poTop 6up-Gupura GOFAHK OyaMalaH yuTa
YK atpoduna afinanva xapakaT Kuaa onaaiu. [loamunsukaapnaru
HUIKaAaHUIIap, XaBOHWHI KapIIMJAUrY Ba paManapHHHr MaccanapH
3bTHOOPCH3 aapaxala Kuuuk XucobJaHaiu. I'upockon poTOPHEM
AA’ yx atpoduaa KarTa Te3ank GuaaH ailaadTupaiaux, [upoc-
konra (paxat O HyKTara KYHAHJAraH QFHPJHK KydH TabCHp KuUJAaldH.
By orupsauk xyuusauHr O HyKTara Hucb6aTaH MOMEHTH HOJIFa TeHT.
Buuobaput, rupockonuunr L, KHHETHK MOMEHTHHHMHT BEKTODi
yarapmac 6yaanu. Hemax, AA’ yx xam Xxapaxar 6Gowmnpa 3ra
6yaran HByRaquuiMHu cagJaiifiy.

104 § I'upockonuk adgeKxt

Arap xucM MKKW HyKTacH OujaH GUPHKTHPHATAH VK aTpodu-
na aitnannb, 6y yKHUHr y3H Xxam 6owka Gupop yK atpoduna afi-
Aadandral OGyaca, YKHHMT OHDUKHIN HyKTanapuaa (opatha noj-
WHNHAKAAPAA) KYyliuMua jokaama kyuaap nafino 6%aunb, ywra 2u-
pocronux 3ggperrn Aehuaand. Byunna#t oknama Kyuaap naitno 6-
JIMIIHHY THPOCKON 3/IEMEHTAP HA3aPUACHHHHT TeHrJAamacH €paamu-
Aa TVIIYHTHPHII MYMKHH. Macasnal, GHpop xucM, rupockon O,
Ba O, HyKTansipaa noawunuukaapra 6upuxrupuaran 0,0, ¥k at«

poduna m, 6ypuax Tesauxk OGUNAH aljaHCUH. Yxuunr yau sca moas

ITWNHKKAAD Oujaad Oupranpkpa =, Gypuaxk Te3auk Guaad 18.13-
picwia KypcaTuarad fyHajavmiina adgaHcuH. Bynaa@i rupocxon
xapakaruHunr tenraamacu (18,33) ra acocan

—
’

— —
{nn m‘:=.“0
Oyaaxn. Byuza Y. —rupockon YpHaTHAraH KypuJaMara TabCHP
KHJAYBUM Ba THPOCKOM YKHHHM MONIUNHUKJIADHM OuNaH OuUPTasiHKA
alijaHMa Xapakarra KeaTHpyBuu xyuaapHuur O Hykrara HucGaTaH

6oL MOMEHTH, /o o0, — THPOCKOMHUHT 0,0, yxka nucGarTan HHep-

1

0 T N

~j/'vr/-'02.
?

N\

)
@
18 13- pacu,
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g MOVeHTH. ABBaJITH Napars /—\

padaa KeJaTHDWUALaH MyJao- a8
Xa3ajapuMu3ra acocan ru-

pOCKOm TOMOHHAAH arpod \ ‘__e_‘_é
ucmaapra (rasaHuaapra), xy-
cycan, 6y epra O, Ba O, 1814 s
noAuMnaukaapra, O nyxrara

— -— -
HucOaTan MoMenTu .\fiem) =Ioo.'“" X w;) ByJAran xyuJaap TanCup
Kuaanu, by kyusapuuHr ypuura yaapra 3KpuBajgeHT 6yaub, mo-

- - .
MeHTH M@“# ra tenr Gyaran 6upop (P,, P,) xydTHu mocram

MyMmkuH. lysnail Kuau6, rupocKkOn YKUHHUHT GypUAMIIM HaTHxXa-
CHa YKHUHT TasH4Japv Oy/JIMHIH MOAMWMMHUKAADAA KYWIHUMUYA IOK-
JaMa Kyuaap wo3ara Keaaaw. [upockonnk mMoMeut opmyaacnian
Kypamusku, 6y Kyusaap CHPCCKONHUHT ¥3 VKU aTpoduia aisanu-
muaary 6ypuyaK Te3qaHTH, rMPOCKON YKHHUHT afjanuiudnaru 6yp-
4YaK Te3JWrM BA THPOCKONAArW Maccajap TAKCHMOTHra G6OFIHK.
lnpockon ¥3 yku aTpoduga xaTra 6ypuak Tesnux OMJaH afinaH-
ranaa, KarTa OK/Jama KYUJapHUHT Naiiao OYAHIIM HATHXKACHAA VK-
HUHT KEeCKHH OYDHANUM TASITHUJIADHUHI CHHHUIIMCA OJNHG KeJWlIu
MyMK#H. By X0/ aitianyBuH BagaapH, YKJAapu GYJrad MAUIHHA Ba
MeXaHu3MIapHu JoHuxanauina, aa6arra, xucobra OJAMHWIIM 33DYP.

XapakTepan MKKHTA MUCOJ KEJATHPAMH3:

1. Kemaraprune waixainuuda naido 6YAaduzan eupockonur
a@pgerm. Kemanuur 6ypyH Ba Kyfu KUCMJIADHHH KYTapuiub, Ty-
wub 4adkKaauwuaa KeMa Kopnycu O6yHaal »kolaaurad Xamaa Kar-
Ta TeMK OujaH afinaHyBYM BANHHUHT MOAUIMIHUKAAPHrA KYLIHM-
Ya KarTa IOKAaMa Ky4J4ap TabCup KUAAAHR. Arap Bajd KeMaHWHr
xyfiu B tomonunan A OGypuu TOMOHMra Kapa6 KysaTyBUHra HHC-
GaTaH coaT CTpeaxacura Teckapu HyHanuumiaa aiaanca {18 14-pacw),
KeMaHUHT GYpHU KYTAapHUATaHHAA TOPH30HTAJ TEKUCIMKAA ETyBud
Ba 18.15- pacmma kypcarnaran AyHaquuIAa Baa MOAUIMIHUKJIADU-

ra tascup xuaysud (P, P,1 xydr naigno 6yaanu.
- -
Kemanunr 6ypuu nactra rymrannga sca 6ynaaft (Py, P,) xybT
Ban noawxnHuk/aapura 18,16- pacMaa kypcaTHATaHWAEK TabCHP
KuJaau.

18.15- pacwm,
21-5255 321
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18,16~ pacu.

Bas xarra Tesnukaa al/aHraHHAA KeMAHWHC YaBKAAUIDY HATH-
xacuaa nafiao OyJalurad rypocKOnHK MOMEHT Karra Oy aum
MYMKHH. Dy MOAWHNHHKAAPHY Te31a Muifad YHKHIINra oJut Ke-
JaIH.

2. XaBoaa camOAEMAAPHIKZ TOPUOHTAN TEKUCAMKAA HyHAMH~
HIMHE Y3rapTupus Oypuanwmuoa (supawpa) naido 6yraduzan 2u-
pocronur sppexmun kypahauk., CaMoaéT BUPaX KHJACAHUILA BUHT
Y¥H TOPUW3OHTAT TEKHUCAUKAA OypuJdild HATHIKACHAA BePTHKAN
TEKUCAUKAA ETYyBUM BA NOALIHNHUKAAD OPKAZW CaAMOJET KOPIYCHra
TAbCUP KUAYBUM KYDT nalio 6yaafu, By mMyPTHHAT MOMEHTH CAMO-
AST KOPOYCHHHHT MaccacHra HucOaran KatTa Oyaud KeTHulid MyM-
KUH. By x01/1a caMoéT KYyPT TabCHPUIA BEDTUKAJ TEKUCAUKIA KeC-
KiuH Oypuaanu. Arap mupax uanra OyJaca, caMoJér Beprukan 1e-
KHC/ABKA2 KECKHH I0Kopura Kytapuaaad. Bupaw yHrra Gyaranuaa
3Ca y BepTHKaM TeKUCAMKNA nactra wyHruilau. Bynngait supax-
aap Gup BHHTAH camojériapaa xasduau xucobaasand,

XIX 606. 3APBA HA3APHACH

Modduit nyyma, mexanur cucmema Oapia €Exi 6av3n HYK-
MAAGPUHIHE ME3AUKAAPE BAKMHUAZ HCY0Q KULUK Opasuzudn
YeKAu Kammae Kuimameq y3zapuwmy xooucacw 3apba delinaadd.
BakTuenr 3ap6a xoaucacu Coxup Gy/Aysuu opaiurura 3apba sax-
mu NeAUAALE BA O/ATAA T OPKaan Gesarddananu.

3ap6a npoueccnna BAKTHHHI XKYAA KUIMK OPAIUIUAA TEe3MHK-
Aap YeKJM KWAMATAapra yarapHily HATIDKACHAA Y BAKT OPa/u-
ruja Karra Te3JiaHdiiap o3ara Kesxazd. llyHudHr yuyH 3apla
nadTMAa TabCup KHAYBYM Kyusap 3apbanan OJAMHIH €KH 3ap6a-
JaH KeHHurn xyunapra HucOaraH xyjna karta oyaanu. 3apba mait-
THAZ TabCUP KMAYBYA Kyusapra owull éxu 3apbarn xyuwaap,
YJADRUHC 3ap6a BaKTH OPAJIHTHRArd MMIOyJAbCaapura sca sapbaau
wMnyAbcAap Aefluianu,

105- §. Moanu# HyKTara gapband Ky4 TAbCHPHHHKRD
acocuit TeHraamManapu. Takaawm Koa(bepﬂuﬁé&m

Monnuft Hyxra yuyn 3ap6a xo4ucacuen xapad uuKamus. bu-

POD F Ky4 TabCmpHAd XU IAKATABHYBYH M Maccaid MOAAHHA HYKTa
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onafiank. Bupop ¢, momentaaH GownaG Oy Hykrara P sapGaan
Kyu TaLCHP KuJa GOWaacKHH Ba Oy KYUHNHT TabCUDH fy naéTna Ty-
racui. t= 1, — #; BAKT OpaiuruHu 3apba eaxmu [e6 aTaliMu3.
Hygrauunr 3ap6anan 0/4dHIA Ba 3apOajlaH KefHHIH Te3JHKJapu-

HH MOC paBuuLia o Ba i Opxau Gearunab, 3apba BAKTH YuyH
vvnyascaap teopemacuud udonanosun (17.17) TeHrJamaHu Kya-
JaiMu3:

mi — mv= | Fdt + ( Pdt.
; i
Bbynzaa fﬁdt——sapﬁam Kyd MUMOYAbLCH; YHH §opxanu 6earuaan-

- - —
JAuK, 3ap6aid P KyyHUHT KufiMaTH Karta OyJaraHud yiyH S HuHT
KUiMaTH dekau OysAanu < 3apfa BaKTH Xyla KuuuK O6YJaranm ca-

6a6an [ kyuHWHr Oy BAaKT OPAIMIMAATH UMNYJbLCHHUHT KHAMATH
Wylda KUYKK; NIYHra Kypa 3ap8aad HMnyJancra HucGatad yHH X«
cofra oJAMacAuK MyMKHH, ¥ X0/74a OXUPIH TEHIIHKAAH €34 oJaa-
MHu3:

mi —mo = S. (19 1)

PaBmarku, sapfara yuparad MOAIMH HYKTAaHHHT &KW M UCM-
HUHWT 3apdajgaH KeHHHIH KUHEMATHK XO0JaTu, anbarra, yHuHr Qu-
3UK XycycuUAT/Aapura xaMm OOFJuK Oy.nann. MacaraH, MabAyM Ma-
Co¢ajlal TOpU3OHTA/l KY3Fa/iMac CHPITa pe3dHa TYyNHH €KH nynaar
wapHn OGup xua OGOWJNAHFUY TE3AWK OW/1aH Tallaacak, YJAdpHUHT
CHpTra ypuJaranjan (3ap0ajdH) KeWMHTH Te3JUKJAapu TypJanua
6yaanu.

Ilapuanuar Ky3Fa/AMac TOpH30HTAJN CHPTIra 3apOacHHHU OJAHNHK:
Illapuanunr 3ap6ara yuparan nafiTAard Te3JUTH CHPTra TepreH-

AukyJaap #ynanrag OHPOp @ BeKTop OyJacuH. 3ap6a NmpoLeCcCHHH
UKKM (pasara axpartvil MyMkuH. Bupunum dasza nasomuja mapua
Jedopmanuanana 60pad, $asa OXMPHIAA YHUHr TE3JAUTH HOJTA
ainanazu. By dasa nasoMuia w1apuaHUHT KHUHETHK SHEPrHsiCH
AeopMALUMAJIAHUIIT HATUXKACHAA XOCWHA OYyJajuras 3JaCTUKJIHK
KY4J2pUHUHT NOTeHLMAan 3peprusicura allsianagu Ba KHCMaH wap-
UaHUHI Ku3dmura capdaanand. Mxxkuaud ¢asa maBomuaa 3Jaace
THKAMK KYYUHHRT TabCHPU OCTHAA IUEAPHHHL JaCTAa0KH WIAKAH
TUKJana OowWJaHAM, JeKHH TyJaAuK TukJaaumaiau. Koanug ne-
dopManuara Ba xu3uwra capdaaHdml Tydailiu mwapHusr jgacraat-
KW KWHETUK BDHEPruscH xam Kafita tukaammaiau. [llapuunr sap-
Oanan KeHMHrd KHHETHK 3HEPTUsICH YHUHT 3ap6alaH asBajru
KUHETHK 3HEepruAcHAAaH KUYKMK Oyaazd. Jlemak, wapHuur sap6anad
KeAUHI Y Te3/JUIHHUHT MOAYJH YHUHr 3ap0anaH aBBaJrd Te3Juru-
HHHI MOAYJHAAH KHYHK OyJaanH.
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———

e
o
—_—

____ ., myondra 3ap6ara yuparaH MOAAMN HYKTAHUHT €KH KUCM-
——{AHC (DU3HK XYCYCHATJADUHH OHJAAMPYBUHM K4aTTaJHK OLUKOP pa-
BUWAA KupMaran. MomaHfi HykTa yuyH OyHmall KaTTaJqUKHH Xa-
pakTtepJ/aoBud kKoabhpuuMeHT muraauw ko3IPPuynenmu nehnaub,

Y HYKTaHHHT 3ap6anaH Kefiunru Ba 3ap6ajaH aBBaJrd HUCOHY
TE3JIMKJADUHUHT YPHUJAHII CHUPTHra YPUJHKII HYKTAaCHAAH YTKasu.a-
rag HOpMaJlard npoeKuuanapy HUCOATHHHHT MOJYJHra TEHrAup.
Macanau, maccacu m 6yJaram monam#i HyKTa A, macodanan Gotu-
JAHFUY Te3JAMKCH3 TYyWUO, 6upop KY3ranMac FOpPHU30HTA] CHJJHK

S cupTHuHr A Hyxracuga yura ypuacud. Cuprra nucfatad HyK-

TAHUHT 3apbalnaH aBBAJFH Te3JWUTHHH v, 3ap6ajiaH KefiHHTH Te3-
-
JUCHHY 3Ca 1 opKaJu Gearuaaiaunk (19.1- pacM). s cuprra A HyK-

TaJa YTKasu/JIraH HOPMAJHH A OPKaJH, U BAa U TE3JHKJAapHUHT Oy
HOpMaJLlary NPOEKUMAJADUHH MOC paBHIIAA U, Ba 4, HyKTaHUHT
3apfanan KefinHrH KyTapuauwl macodbacwuHu A, opkanu Genrunai-
JHK, THKJAWl KO3(pduBHEHTH 3ca 2 OYJACHH. ¥ Xo0/1a

p

Un

k=% (19.2)

- -

U BA 1 BEKTODJAp Kapama- Kapuin A{nanran BekTopsap OyJaranu
Y4YH COHHMHT MoayJaH Tabpudura kypa (19.2) Hu

k= —"Yn (19.3)

Un

KypHHUINA E3UII MYMKHH,

Monanit HyxTaHuHr 3ap6anaH 8BBAJICH TE3JHK BEKTOPH YHUHT
CHPTra TYKHAWIMID HYKTACHJAH CUDTra YTK&3uJraiH HopMaa OuJaH
YTKUDp Oypuaxk TalKkuJ KuArasga XxaMm Takjaam KoddhduuHeHTH
(19.2) éxu (19.3) myHocabarsiapaaH anuKJAaHALH.

Arap sap6ana wucM xaTHawaétran 6yaca, THKJAW- KOIPPULM-
€HTH MUCM YPHUJAHLI HYKTACHHUHT YDHJHIL CHPTHra HucGartad 3ap-
fanaH KeHuuru Ba 3ap6ajaH &BBAATH Te3JUKAADMHMHT yPHJIHIIL
HYKTaCHAdH YPHJAYBUH XUCMJAD CUPTHra YTKAa3u/Iran
YMYMU{l HOpMaJAAry NpOeKUUANaPUHHHT HUCOATH Ou~-
M JAH aHuKJAaHagu.

Tukaaw kosdduunentn oARMH Tampuba OHAdH
Ky#ugaruua aHMKJaHUIUH MYMKHH. Dupop wmapua

n

g 1, (MOAAMI HYKTA) HU FOPH3OHTaJ, KY3FaaMac, CHJJIMK
Al lo cuprra M, A = h, macodanan tawaaiauk (19.1- pacm).
L7 Ulapuanuuar M, A fiynga OFUPAMK KY9H TabCHPHAATH

XapaKaTura KMHeTUK DHEeprus XaKuaard TeOpeMaHH
Kyanacax, v= ) 2gh, 6yaanu. Llapua cuprra ypui-
v ranujan cynr fi; 6anaHiIMKKA KyTapu/acHH. Y XxoJaa

LIapuaHUHr 3ap6afaH KeHWHTH Te3JUru u=YV2gh
19.1- pacu.  Oyaaau. (19.2) ra acocan €3a onamus:
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p—|%| =218
Un ¢ V 2gh,

éxu £k = l 53.

L

[Hlapuauu Ba CUDPTHH TypJau MarTe-
pHaanapaas sicab, WwapyaHWHr TyLIHL
Ba KyTapuauir macodasapuin yJuadaul
ayau  6uMJaH  TypJad  Marepuajgaap
YuyH  TUkjaall  KO3$hduUUUEHTHHH
aHuKJalw MyMKRH Gyaann. Peaan »
KUCMJIAP YUYH THKAAL KO3bPUILUEH- 19.2. p**
T 0<Ck <1 wuurepBanpa Oynand. L
AGcomoT anacTuK xucmaap yuyH k=1 pa a6cofw af,

Kucmaap yuyH k=0 oaunagu. £ =1 6yaranna 38P 3 RaacTr
saacmur 3apba, k=0 Gyaranga sca sapba abcosV"  coniom
Oyamazan 3apba neiuaan. 16a acmuk

(19.1) Ba (19.2) Tenrnamanap modouls Hyxmaza 3‘ﬁy
MAsCUPURUKL ACOCILIL MEHZAAMAAAPIL XHCOBaananh: yu). - Kyt

MaJiapHu MOAAMA HYKTaHUHT CUPTra Kuiuiug 3ap6a¢ .\ eHr.Jaas
— e:ﬂ”‘\ Y KYJI‘

JallHy Kypno unkamus, Maccacu m 6yaran Hykra o g

CHAAMK § CUPTHUHT A HykTacura ypuacuu., A mygrd .
R p RELRI PN
HOpMaJl YTKa3aMH3. 7 BA U OPACHAATH OYpuaKHH a
-~ ., 3% Gearu-
naéimu3. Hyxranuur 3apGanas xefiuurd tesaurd u, 03 9.2

HOPMAA OHAaH XOCHA Kuaran Gypuaru § 6yacan \ 9w\ 1KuuHT
3apbann UMIyJALCHUHT HOpMa# Oyiiaab ﬁYHanraHnH“,AH &HDfiCM)-

onuG, (19.1) Tenrnamann A HyKTajam cuprra yrrasi’ Q,GOP”‘
B2 HOPMaabL HyHaaullJapura npoexunsanad, prumd
m(usinB — vsina) =0,
m(ucosB+tvcosa) =38, |
i ucos 3 ‘ (19.4)
= L0087
vC0Sa
S
Tenrnaamasapra sra OyJnamus. By TeHraamanaap cncre“‘méy ‘«.l
DU HYKTAHUHF 3ap0alaH KeHWHCH Te3/HUry MOLIYJIHHVI’éa l]b.h' MOA-
HUHT HOpMan 6uaaH XOcWJ Ku/araH Oypuaruau Ba 33 g:SﬂHK-
CHHU aHHKJAU MYMKHH: ny /b=
vt
Py 1 £
u=v}sin*a 4 £ cos a, th:—k—tga, S=m(1+ g
3.
o H
k<1 Gyaranuna, tg3>tga Ba B> a Gyaanu, Pl .

6 6 : \AeY gy ViTHI
ypuaru Tywuir Oypuaruaad xarra Oyaap oaxad. . L sz
THK 3ap6asa £ =1 6yan6, Tywuw Gypuaru KaiTu ', Srac
TEHT. . arura
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106- §. 3apOaau Kyy TabCHPUAATH MEXaHHK
CHCTEMAHUHT acocuii TeHrJamaJapH

Mexauuk cucrema 6upop M;(i=1, 2, ..., 7) HYKTACHHUHT
sapbajan aBBaard Ba 3apGajaH KEHHHTH Te3NHKAAPH MOC PaBHil-

na '5; Ba z}: Oyacun. By myxrara (19.1) Tenraamaun KyanafiMus:

My —my=SE+ 8 (1=1,2, ..., n)

6ynna SE, S{MOC pasumaa M, uyxrara Tabcup Kuaysuu 6apua

n
mauKl Ba uiku 3apéaan umnyssciapui nponasaiau. ¥ Sl=

i

{=1
=0 O6fyaumunu abTHGOPra 016, OXHPrH TEH[AaMaJjap CHCTeMa-
CHHY KYIuaMus:

-

E
i

/] -

.

n "

— - —
\ ﬂl.‘u[ -— V ,"l'vl =
— i

i=1 te=) t

L

n n
-— —_ - -
By Tenrimkannr yan toMonnaarn K, = S mo, K, = Emiui ndo-
y
i=1 i=1
[anap MOC PaBHILAA CHCTEMaHMHI 3ap6ajaH aBBajirH Ba 3ap6agan
KeliuHry XapakaT MHKAOpJapuaan nbopar. BunoGapuH,

— — no_,
K,——K‘c ES‘E
1=}

nponanu €3umr MyMmkuH, (17.12) ra acocay OXUpru TEHrAuK Ky#Hu-
AATH K§PHUHHILTA KeJaau:

- - no_,
M e —ve) = N SE. (19.5)
=1

bBynma M — cucrteManunr waccacu, #,, U, — CucTemMa maccanap
MapKasuHuAr 3apbajan xelfiunry Ba 3ap06ajaH apBajru TE3AUKJIADH.

Cucrema sap6ani Kyuaap TasCupuia OFyaraH XoJa YYyH cuc-
TeMa KMHETHK MOMEHTHHHAT y3rapuiiy XayKuaard TeopeManu Kya-

AaiMN3:
Ly T T TP
0= Ny X FE LN X PE,
4t —~ J -

=1 =1

bynaa L, — cuctemasusr Oupop Mapkasra HUCOATaH KUHETHK MO-
MeHTH, £y — M, HyKTaHusr paiuyc- Bekropu, f17, PF sca M; nyx-
TAara TabLCHP KUaAyBuy Gapya Taulkd OAAMA Ba 3ap6aium KyuJaap-
HHUHT TEHI Ta'bCUP 3TyBYMaapnaan ubopar. By mywocabathu 3ap-
62 BaKiu Opa/duruja HHTErpannas,
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Lorm o= [ (311 X Fo)at 4 [ (77 PF) at
0 i=1 0 =1

-

-
udojara ara Gyramus, Byuna Lo', L, — Moc paBumiaa, cucrema-
auur 3ap6afsaH wkeAnHTH Ba 3ap0ajaH aBBaJrM KHUHETHK MOMEHT-

— —_——
aapu. 3apba naspupa r; =const ({=1,2,...,n) 3KaAHJIMIHHH IBTH~
6opra 04H0, OXHUPrd HPOLAHU

<
»

'R0

n n
Lo—Lo=NrX | Ffdt+ Nr, X | PEdt

i=1 ] 1=l 0

T
KypuHHIILA é3aMu3, J(Ffdt — TalUK{d OAJUA KYYHHHT HMIYJbCH

0
3ap0aju UMIOYJAbLCra HUCOATaH KYAAd KHYMK MHKAOP OyAraHuaaH
<

yHH Xucobra oamaiimus, ijdt = S§F — tawku 3ap6aan uMmy.isc,
0

¥y xoana

- - - -
6yaamm. Bynna r, X Sf =m0(bf)— M, HyKrara TaBCHP KUJYBYH
TalIKK 3ap0ali Kyusaap HUMIYJbCHHUHT MOMeHTH. [leMak,

Lo,— Lo, = ¥ mo(SF). (19.6)
1=1

Uy, U, MOC DABHIIAA, MEXAHHK CHCTEMa YPHJIMII HYKTACHHHHT
3apbanan aBBajru Ba 3ap0alaH KeAWHIM TE3JUTUHHHT YPH/HLI
CUPTUFA YTKA3WATAH NEePNeHAUKYJAAPAATH NpOeKUHAIapH Aecak,
cucTeMa yuyH Tukaam koadduuuentd (19.3) ra yxmauw

=" (19.7)
Yn
(bopMmysa épramuja TOMMUIAMLH,

(19.5), (19.6), (19.7) Teurnamanap 3apbari KyLaap mascupii-
Oden MEXAHUK CUCMEMAHUHZ acociil mexaamasapu XucobaaHa-
14. DBy reHriamanap MexaHuk cUCTeMaHHAr OHPOP Kysraamac
CHJIMMK CUPTra 3ap6acH HYKTau Ha3apulaH Tysuanu, Yaap €pna-
Muja 3apbanaHy aBBa/Ird XapaKaTd MabJyM MEXdaHHUK CHCTeMd éxd
KaTTHK MUCMHMHr 3ap6ajaH KefHHTH XapaKaTHHY TONHII MYyMKHH,
By TeHrnamMaJaapHu AKKM MEXaHUK CuCTema EKkH KaTTHK KHCMJAp-
HUHr Oup-O6upura sapfacura xam Ky.auab, yJapHUHT 3ap0aiaH
KelHHIH xapakaT/JapuHu aHugJam MyMKkHH. Byuna tenrnamanap
4BBA1 MUCMAADHMHT OHpUTA HuCOATAH KYJANaHUARAM, UKKHHUMCH
Ky3raaMac Je6 oauHanw., KeliuH GupunuM KUCM KYy3Fa/imac ne6
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0/1uHUO, TEHIJAMaNapHH WKKWHUHK KHCMHMHI 3apfacura xyJ/aJaaHu-
aapd. Tuknam ko3 pULHEHTHHN aHUKAAW LA KYAAAHUAANUTaH HOP-
MaJs YM3HK KHCMJSPDHUHT YDPW/IHW HYKTAAapUJLaH HKHCMJAP CHPT-
JAapyra yMyMufi Kuaub yTKasuJanu.

Mkku xucMuvur 6up-6upura 3apbacHHu XapakaT MHKAODH Ba
XapaxkaT MHKAODH MOMEHTHHUHT CaKJAaHMI KOHYHJApH dcocuia
XaM yprauvim MymkuH. Dynfa ukku XucM OUTTa cucTteMa ne6
oauHCa, 3apbaid KyuJap HYKH KyuJapHu XOCW/A Kujsalu Ba yJaap
CHCTEMAHNHT XapaxaT MHKAOPU XaMAa XapakaT MHUKIODH MOMEeH-
THFra Tatcup atMaiad. (19.5) Ba (19.6) TeHrsiamaJjapHHHT YDHUTA
sapGajan apBairu, 3ap0anaH KelnHru nafitiapra wuc6atan xapa-
KaT MHUKAODH B2 KHHETHK MOMEHTHMHHHT CaKJaHull KOHYHAADH Ty-
sunanu. By xonynnapuu ndosanoBuu Ttesrsamanap Ousan (19.7)
TeurjamMa OHpranuKaa MKKH KUCMHHUHT Oup-Gupura 3apbacHHi
t¥auk udoganaiinu,

107-§. Vikkn mapuunr OHp-OGHpura TYFpu Mapka3uil 3apbacu

Uarapunama xapakaraardn HKKH JKHCMHUHT Gup-Gupura ypu-
AVIIM  OALKAA YJAp HHEPHUA MapKa3/JapUHHHT TE3NUKAAPU LY
MapKa3/JapHd TYTAWTHPYBUM TYFpU 4u3ug Oyituua fysanran 6yJ-
ca, Oyupail 3apba maprasui myrpu 3apba peiunanu.

Maccanapu m, Ba m, O6YAraH UKKH CHJNIUK IIaPHUHT Gup-Gu-
pura TYrpu 3apOackuu Kypa#auk. Bupunun wap macca mapkasu-
HUHr 3apbanan asBasru Ba 3ap0alaH KeAHHTH Te3JNKJAapH MOC

-—

pasnna v, Ba #,, MKKHHYM 1Iap ydyH 3ca OGyHDail Te3nuxaap

- -

MOC paBulija vy Ba #, OGyacun. Ulapnap warapuaama xapakat
KWJAraH/JUK/IADH YUYH YJapHuHT 3apbalaH aBBajJru Ba 3ap06aiad
KeHUHI'W XapakaT/aapy 1y liapJ/jap Macca MapkasJapHHWUHT TE3JHK-

napu Ouaan xapaxkTtepJaaHaiu Papas Kuaaiauk, | v, |>| 1, | 6yacul.
Y xonaa OMPUHEYM WAp UKKMHUK miapra etud, yura ypuaaagu (19.3-
pacm). x ygHH mapaapuuur C,, C, Mapxasaapunau yrysuu C,C,
TYFpH uu3ug Oyinab fiyHaatupn6, 6y yKKa HHCOATAH Xapakar MUK-
JOPHHUHI CAKJAHUI KOHYHUHH €3aMU3:

my vy -+ mavy = myu, + myu,. (19.8)

By mynoca6atun wapaapunur xap 6upura (19.5) Tenraamanu ano-
XMAA-a00XU1a K§a1aa0 XaMm XOCUJ KWJMIN MYMKUH. ¥, Ba i, Te3-
JAHKAADHN 8HUK/AAW YyuyH auna GwTta Tenraama tyzamus. lapaap
YPUIHIL HYKTAAADUHUHT 3ap6afaH KeAUHTH HUCOUR Te3JUIHHUHT
aap6alaH asBaArd HUCOMH Te3/juUrura HUCGATH, MabAYyMKH, THKAAW
KO3 GuUUeHTUra TEHT, AbHH

b \thy—ag) MM s,
(v — 9, U — U

oy — iy = k(";: -;2)- (19.9)

- 19.3-pacm.
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(19.8) Ba 19.9) TenrnaManapHu Guprandkia euu z, Ba u, i

aHuKAaAMU3,
_ m—kmy By —"2 19.10)
e m1+m201+(1+ )£”1+m2v2’ (15
"=(l+k)m.v +m:—’f”'| t'-; (19.11)

my+ my ! my+ my
3apfaid UMOyAbCHU XaM AHHMKJAAUI MYMKWH. Byunur yuyn (19-5)
TeHrJaManu ypuJayB4YM LIapaapian Oupura Ky.auaw Kepak. Kyid®
JAard UKKH XyCyCHH XOJIHH KypHO YUKaMH3,

1) A6cosior anactux Gyamaran 3apba (2 = 0). By xo.na (19.10)
Ba (19.11) dopmyaanapaan
MU + MUy

my + my
kesub UMKadu, abHM wapaap 3apbanan Kesing 6up xua Tesjuk
6unaH xapaxarnanaau. lllapaapuunr maccanapu Tedr Oyarania oy
Te3AUK KyHuparuda €suaanu:

|
ny=1U= ‘2‘(1’1 + Vs ),

Uy = U, =

SbHM LIapAap 3apfasaM KefiuH 3ap6ajan aBpaard Tesqukaapu fH=
FUHAMCHHUHT ApMHra TeHr OyaraH Te3WK OuJaaH xapaxkataanaiH.

2) A6coaT anactik 3ap6a (k= 1). By xoaxa (19.10, sa (19.11)
dopMyaarapaan

2m, \ 2, , .
U=, — ——{v, — 7 Uy =7 — U =T
! 1 ot my ! FY 2 2 s (U 2/

xocua G6yaanu. By dopmysaanapras xypunaauku, 6up xua macca~
AW UKKH Wap ypuaravia (m,=m,), YJapHUHT Te3AHKJapH ajMa=
ITHHALH, ABHH: &, = Uy, U= U,.

108- §. 3ap6a mpoueccuaa KHHETHK SHEPTHUAHMHr Yarapuii¥

3ap6a mpoieccuia MOAAWI HYKTAa &Ku MEeXaHHK cucTemMa gWHE-
TUK SHEPTUACWHUHT Y3rapuuldH{ aBBajd TabKuiiaG yrTran sAUK.
By ysrapulll KHHETHK 3HEpPrusiHuHr 3ap0ajaH aBBasru Ba 3ap0a-
JaH KEHMHI'H KMAMATJIapUHWHT afiupmacujan ubopar. Maccack

-— — -
3ap0anaH aBBajru TE3AUrU U, 3ap6afan Keiiuury Teaaurd n OYA-
raH MOANMH HYKTa KUHeTHK SHEPrusiCHHUHT y3rapuiminnu €saMH3:

n_n=%mw—ﬁy (19-12)

U Ba L Te3JHK BEKTOPJAPHHUHI YPHJIMII CUPTHra ypuaum HYK-
TACHJAH YTKA3WJAraH YPHHMA Ba HOPMAAJAAru upoexuusaapunn TEK-
wupamus. 19.2- pacmaan 6eBocHTa K§pPHHAAUKH, U.= U; 6y BA8H
TaWKapy THKaaW Kodpuunentuuur Gopmyaacuaal #, =k | Vp |-
Y xoana

ut=ul+ 0= k0t + o Ba v'= v+ oL
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Wynra kypa (19.12) udona
Ty—Ty= +mil — "] (19.13)

kypunumina €suaanu. Jlemax, a6coJioT ajaactuk 3apbana (k=1)
KMHETHK SHEDPrus ysrapmac skad. KHHETHWK 3HEePrusHuHT MaKcu-
Maa ysrapuiud (auuru 6OulKa Typ SHeprusaapra aiaun® Kamaiiu-
wy  abcosioT 314aCTHK Gyamaran sapba xoJuna (£ = 0) Oyaanu.

HyKTaHI/IHl‘ 3ap6anaH KelWdHTH Te3/MK BEeKTOpH 61/1./13H VHUHT
3ap6anaH aBBaJjru Te3/HK BEKTOPHHHHT altupMacu H— HH AR
Komuazan me3auk* ne6 araiMus.

Kapuo teopemacu. 3apba xcapaluuda dyxomurean Kunemux
Hepeus Ljromiizan mea/zmc Ounay Oyaaduzan Xxaparxamoazu

1
KuHemurx 3HepUAHUHZ 1—4—_— Kucmuza mene.

Xagukaran, 19.2- pacmra kypa u =, H4 BTHOODPTA 01UG

I'Z_Z|=|un|+]vn|=k]vn|+lv,,l=(1+k)|'0nl

éKu )
_ lu—v]
.| 144
udonanu €3a onaamus. ¥ xoana, '19.13) nan
1 1—k&, > —
T = —m— (g — )2 19,14
T, 2 5 ml s (£ —) ( )

HCOOTABHUIIY KePaK 6Y/ATraH MyHOCaGaTHH XOCHJA KUJAMU3.
AGconior 3nacTuk 3ap6asa (k=1 KuHeTHK 3Heprus HYKO-
ruamaiign ( 7y =T,). A6conoT aaactuk 6yamaran sap6ana (k£ = 0):
e d —

I—T,= 2 mu—7v)?

ABbHU HYKOTHATAH KUHETHK 9SHeprus HyKOTHJAraH Te3 uK OujlaH
6ysaauray xapakaThard KUHeTHK SHeDrUsHWHT Y3ura TeHr.

WMkxn mapuuur y3apo TYFpu mapkasuil 3apacuia HyKOTU/IraH
KHHETHK 3HeprusiHn xucobaaimus. Moamnii HygTa Ae6 KapaayBuu

mapJapHUHT 38])68}181{ aBpaJru Te3JHKJAapUHH, MOC DpaBHIIIA Uy,

— - =

Uy, 3ap0AJAH KEHHHTH Te3NUKJIAPUHU H,, U, OuJaH Gearunaijink.
Y xoaza, (19.14) ra xypa, GupuHun 1wap YyuyH HYKOTRAT@H KH-
HETHK 3Heprus

1 1 =%
A7, = E’”‘T‘”‘—z")! (19.15)
MKKWHYY 11ap YuyH 3Ca

AT, = ?;.mz:::(u,—'v,)‘ (19.16)
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ra tenr 6yaaan. (19.10) Ba (16.11) dopuyarasapran auukAauyBuH
u, Ba U Kuimataapun (19.15) Ba 19.16) ra Kyicax, Kyiunaru
ugoaanap X0CHi1 oyaanu:
2
1 omm
= — (1 — A —~,)?
ATy 2 (my +my)? ( ) (v — v,
AT.Z - _]- m,lmf

2 (my+ my) (1= &) (o~ o)
1 2

OXupru HKKH MYyHOCaGarHu (v,— )%= v — v,)? OYAUIMAU 3B
tubopra 0au6 Kyuicak, TYFPH Mapkasuii 3apba mafiTuna fiykKoTHa-
TaH KHHETHK 3Heprusi yuyyH Kyiduaaru udonaa keaud uuKasu:

AT = AT, + ATy = (v, —v))° (19.17

mm, | — &
m +m, 2

57-macana. lapua v rtesnux GusiaH Kusg xapakar Kuaub gi3-
FAIMAC TODHSOHTAN TEKHCTUKKA TYMAXH BA U = - —0 Te3IHK ou-

A2H TeKUCAUKAAH KafiTagu ( 19.4- pacm). Ypuaumaaru TakJam Ko-

Y3

apduiedty k= —— GyJca, Tywnm Gypuary o Ba KagTum Oypua-

i § aHuUKAaHCHUH,

Eunm, 3ap6aau KyY TabCHPHAArH MOALHI HYKTAHHHT Xapaka-
THHH Gearuaosyu (1Y.4 Tenrsamasnap cucTemacugar doiinanana-
mMu3. (19.4) cucteMaHuHr OMPHHYM Ba VUHHYH TeHr/Jamajnapu Ma-
CcaJia WapTHra Kypa Kyiuaaruua €3miajin:

m(usinB — vsina) =0, ()
g

k= RS20 (2)
vCosa

(1) Ba 2 Tenrnamanap cucremacuHu GUPrajsuKna €uub, HOMAb-
Aymaap e« Ba B HH aHMKJaw MyMxuH. Bynuur yuys | 1) Ba (2) nu
KyfAuaaruya udonanaiimMus:

using=wvsina, wucos3=kvcosa

éKu _
'22 sinp = sina, (3
!{;—COSB = '/Tscosa. (4

By TenrnamanapHuHrC Xap HKKH TOMOHHHH
KBaApaTra OllupPaMu3;

—;—singp =sin?q, (5)

1, t o,
— c08*8 = — cos?a. 6
5 cos'B= < ©)
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cos’¢ = 1 —sin*} dopmysara xypa (6) Tenraama

U1 ae 1,
— ——sin®B = — cos’
7 — 5 Sin°f = - cos (7)

KypuHuwaa €suaanu. (8) Ba (7) HuM xanaab Kywamus:

1
— =gin*a -- —cos?a.
2 '3
. '
Bynnan cos?a = % éku cosa= + '23
Kaau. Tonuaran a 6ypuak gufiMatuau (3) ra Kyiicak,
2 sinB = sin= éxku sinf = vz
2 3 2

®
, leMaK, a= 3 Kesaub 4YH-

.. ®
xocua 6yaanu. Oxupru Tenrsamanad f Hum tonamus: B = T

Wynnai xuanb, a= 3;-, B= % 6Vaanu.

58-macana. m, = 1 T maccaan 604ara To6aanaérran MeraJaa Ou-
Jnay OGUpraJumKAa Maccac my,=24T Oy.araH caHaoHra v=5%
Te3 UK OunaH ypu/aaiu. 3ap6anu THkaAam Kodhpduuuentd £ = 0,3
6yarad Mapkasufi TyFpu 3ap6a ne6 Kepab, GoJFaHuHr Qoinanu
Hit K03QPHUHEHTH TOMHJICHH.

Eunin. Boarauunr dofaaan uit Koapduuuedtn Tto0.aaHaETran
METAAAHUHT JedopManusacu yuyyH capd OyJarad HWHMHT OGOJAFaHM
KyTapuiuaa capdaadrad uwra ndcoatd Ouaan, Oowkaua aiTrasia,
3apba BaKTHAA HYKOTHJAraH KHHETHK 3SHEPrusHHHT CUCTEMAHHHT
3apfanaH aBBaATM KHHETHK 3Heprusicura Hucdarya opkain wudopa-
JaHaAH, SBHH

M
BoJsiranuur 3apfanad aBBajArd Te3JMUTH U, = V=120 ?; CanngoH

TUHY X0JAaTAa OyJAraHd YYyH YHUHT 3ap0afadH aBBajru Te3JHTH
noara Teur: v,=0. ¥ xoama (19.17) ra 6unoan, 3ap6a BagTUAA
AYKOTH/ITAaH KUHETHK BHeprus KyHWaaruiya TONHJAAH:

e m, _ . % —_ 3y
AT = Mom L—ko2 100024000 11— 037 o5 10990 K.
my + my 2 1000 - 24000 2

Cucremaunsr sap6ajaH aBBaATH KHHETHK 3duepruascu 60JFa KuHe-
THK 3HEPrUsCHra TeHI:

T, = %mlfvf = 12500 K.
Wynpai guano,
= —0,874
1

xocua Oyaanu.
332
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XX 606. JAJIAMBEP NPUHUNIIN

109- §. Mexanuk cuctema yuyH [JanamOep NpHHLHIH

M, My, ..., M, MOARUA HyKTanapAaH TamWKUA TONTAH Mexa-
HHMK CHCTeMa Xapakatuiu kypub uugamu3, Cucrema uxTHépui M,
HYKTACHHUHI MaCCaCHHW m,, WY HYKTara TabCHP 3TYBYH TaWIKU
Ky4/1ap Ba HYKH Ky4Y/aap TeHr TabCHD ITYBYHAADHHH, MOC DABHIL-

na, FE, F! ounan Gearunahank. Bynna Ff, Fi kyunap rtapxu-
6ura akTUB Kyu/aap Ou/aH OHUPJAMKAA pEAKUUs KydJaapH Xam Ku-
paad. By kyunap tancupuna M; HyKTaHUHr GUPOp HHEpUHAA KO-

OpAMHATA cHcTeMacura Huc6aTaH OJraH Te3JaHUIUMHH W, Jecak,
MAa3KypP HYKTAHWHT HHEPUHA KYUM

-

D, = — myw, (20.1)

i
dopmyaa Guaad anugJaaHagu. ¥ xoana (13.44) ra k¥pa

-F‘E_i_.ﬁ’l.{.&.)t:O’ (i:l, 2,...,'1) (20'2)

myaoca6atau €3a onamu3 (20.1- pacm). (20.2) udonsa cucreMaHuHr
xap OMp HyKTacH yuyH Ypunadaup. (20.2) naH cucTeMaHuHr xap
6up HyKTacura TabCHD 3TYBYM TAUIKKM BA WYKH KyuJaap KaTopura
My HYKTa HHepUWA KYy4MHH KY¥ub6 yHM MYyBO3daHaTia Ael Kapall
mymkuH. Ulynpaid ycya OusaH CUCTEMAHHHT Xap OHp HyKracura
CTATHKAHHHT MYBO3aHaT TEHrJaMalapHHH TarOuK STHII MYMKHH.
(20.2) myHocabaT Mexanuk cucreMa yuyy Jlanambep NpHHLWIH-
Hp udonananiu.
(20.2) cucrevanu xannab kywud, HUKK Kyd,ap XOCCACHHH IBTH-
fopra o1cak,

o, " —
E FE+ -\-; $, =0 (20.3)
i=1 {=

X0CH/ G{nann.
Iynunraex, (20.2) nunr xap uKkkH ToMOHUHM M, HyKTaHMH!
O wmapkasra HucGaTan paguyc-peK-

TOpDH r; T& BEKTOp KymanTtupuo,
X0Cua 6yJraH CHCTEMaHH Kymcax,
n - . _, -

N XE+ N nXFi+

| Ant
(L9} {==1
%-—b -
+ N XP,=0 ] ¥
= P
eKH 20,1-pacu.
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o - n - r had — -—
Nmy B —L}:mot?‘;) + Zmo@,) =0
= i=1

=t =
Kenub uyukaau. ByHaa u4kM KyuJsapHuHr OUpOP MapkKasra HucOa-

n > -3

TaH ©Ooil MOMEHTH HOJTa TEeHr, SbHU Emo(F';) = (Q Oyarany
i=1

YUyH QXUPLH TEHrAama

i -l — n -

> mo(Fr) + N mo(®) =0 (20.4)

i=1 {=1

K¥pHHUWHN oaaan. Ky#naarnua Gearunnawmiap KHpHTaMHU3L
-ub " — R -
R® = N = — NVmuy, ]
a—

=1 =1 ] (20.5)
My= N mo(®) = - ZF;X m,&;,. |

(n=l i=1 ]

P

3

- -
Byuna R® Ba Mp kaTranukaap MOC DaBWiiia, CUCMeEMA UHep=
yus kytrapurune oow sexmopu xamaa O mapraseza Hucbaman
60w momenmunu uwdonanainu.
(20.5) Gesnrunauwiapra kypa (20.3) Ba (20.4) myHnocabaraap
Kyiuaaruua €3uaanu:

nw"li‘ B

::-%F' +R" =0, (20.6)
" e =,
>.. mo(Fr) - Mo = 0. (20.7)

i=1

(20.6) Ba (20.7) TeHrnamanap CTaTuxkaia KYPHJACaH KydJap CHCTe-
MacH MyBO3dHAT WAPTAAPUHMHT reomerpuk dopMana udonatanu-
WHra yxuwaiad. By udonanapHu KOOpAMHATA YK/AapUTa MPOEKIHA-
/136, KyuJap CHCTeMacH TabCHUPHAArH XKHUCM MYBO3aHAT Ilapr/a-
PHHHUHT aHAJWTHK YycyJaia udopasannuu Kabu mynocabaraaphu
Xocust KHAMm MymkuH. (20.6), (20.7) tenraamanapaau ¢oiinana-
HUU YUyH HHepUWA KYYJBpUHUur OOUI BEKTOPM Ba OO MOMEHTH
MabJayM GYJMIIN Kepak.

Kypuunwn 6unan dapynanca-aa, moxusaty xuxarunaa (20.6)
TEHIJMAMA MEXAaHHWK CHCTEMA Xapakar MUKAOPWHUHI ¥arapumiu €xu
MACca MAapKA3HHHHT XapakaTW xakunard Teopemara, (20.7) sca
CUCTeMa KWHeTHK MOMEHTHHHMHT ¥3rapullld XaKuiard TeopeMara
SKBHUBAMNEHTAHP.

334
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110-§. HHepuus Ky4rapuHusr Goul BEKTOPH Ba 06OII MOMEHTH

CucreMa MHEpUHs KyuJapWHUHT 6oll BeKTOPH Ba Goul MOMeH-
i (29.5) ¢opMysa GuaaH aHUKJIAHWIIM MabiyM. YJapHH sHana
pxuam Gdopmyaanap 6unan udonansam Mymkud. ByHuHr yuyH
(20.6) TeHr/aMaHu cuCTeMa Macca/zap MapKkasMHUHT Xapakatd Xxa-
Kuard teopeMa dopmynacu

6uaaH TaKkKocaal, MHEPUHS KY4JapPUHHHT OOl BEKTOPHHH aHMK-
JIOBUH

R = = Mg (20:8) =

-
ndonanu xocua guaamus, (20.8) na M cucTeMa wmaccacuH#, wWc
Maccasap MapKasMHUHT Teanannmuun udonanapinan. Bunobapun,
CUCEMA UHEPYUS KYLAQPUHUHZ 00Ul BEKMOPI CUCMEMA MACCAC
OUAQH MACCARAP MAPKASUHUHZ ME3AAHILW UL KYRALMMACULQ MeH?,
LYKQAUME 300 MACCAAAD MAPKASUKILKZ ME3AAHUUN BYHAALLLL~
2a Kapama-gapuuoup.

Maccanap Mmapkasu srpu uM3uKJAM Xapaxkatna Oyaca, w, =

- -3
= Wcy + Wwe.. llynra kypa unHepuus KyusapuHuur GOLH BeKTOpH-
HW HOpMaJ Ba YyPHHMA TaIUKW/J 3TyBYMJAp OpKaJdd HdoAadsal
MYMKUH!

—»d’ - —.‘b - — —)41) —_—

R =Ry+ Ry, Ron= —Mwecn, R = — Mwc.. (20.9)
(20.7) Hu cucTemMa KUHETHK MOMEHTHHUHL Y3rapuild XaKuaart
TeopeMa

6unan TakKocaal, MHepPLHH KyuJapHHHHT OMpOp Mapkasra nuc6a-
TaH OO MOMEHTH YYyH

M= -2 (20.10)

dbopMynra XOCHI KuaaMmus.

Wysnait kuaw6, cucmema unepyus KyLaapuHune 0upop map-
kKasea nucbamarn Oow MoOMenmu Mau@uii uwopa OUAAH OALH-
20K cucmema KUHEeMUK MOMEHMUHuHZ saxm Oiuda Oupuniy X0«
curacuea mene.

(20.10) un Gupop 2z yKka nmpoexuudlaiMus:

MY = — ks (20.11)
at
(20.11) nau cucreMa MHepUUS KYyunapuHuUHC GHpop YKKa HucOarau
6ow MoMeHTH XucoOaarain.
Lty
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111-§. KaTtTug XHMCM MHepuus KyunapHHH cOANa
X0Jra KelaTHpHII

2Kucm unepuus Kyu/iapHHHHT GOW BEKTOPU Ba 6O MOMEHTH-
HY aHHKJAWHUAT Gab3u  XyCycril X0/)apuBU KypuO YuKamus,

1. JKucm uneapurama xapaxkamoa 6yacun. Virapuiama xa-
pakaTtaaru XUCMHMHT xaMma nyranapu 6np XHA  Te3JaHwulira

Ira. LLIymmr YuyH @, = w,‘. Ba *ll =—m, wC (i=1,2,...,n).

By xoxnna ‘I’z Kyu/aap CHCTEMACH napafjen KyuJaap CHCTEMAacHRaw

ubopar Gyaub, yaap macca Mapkasuian yryBud R° — TeHr Tab-
CUp 3TYBYMIa KEATHPHJIAIH:

gl \.v - -~
= — N ) =-M
R pas b W we.
i=1
Hlywnatt xuaub, uszapusama XxupaKamoazi HCUCM UHEPUUS

-— -—
wysaapy K*® = — Mw¢ 20 menz sa macca maprasudan ymyeuu
MeHZ mascup 3Mysiuea KeAmupuLaou.

2. JKucm Oxy cummempus mexucanzuea 320 6yaul, wy me-
xucauxka neprenouxyasp Oz yg ampoguioa alirauma xaparxam
Kuacur (20.2- pacm). By xosaa Kyuaap cucremacunu O Mapkasra
KeJTYpCaK, XKHCM CHMMETpPHs TeKHCJHrura ra 6yJarany yuyH xeJ-

De .
Tupuaran R Kyd 6uaad Ky®dT MWy CUMMETpHs TEKHCIUrMLa ETa-

In Ba 6y xypr Mmomentu MG, 6Ysamu. AfinanMa xapakaTaa CHC-
TeMa KUHETHK MOMeHTH Lo, = /o;-® QopMmysa GHJIAH aHUKJAHTaHU
yuyH, (20.11) ra kypa
Mb= —1o, 22 = —jo,- e (20.12)
dt
Kypunuwnuy osanu. (20.12) na o, wucmuunr O KeJTHpHIL Map-
Kasulan yrysyd Ba CHMMETpUA Te-
KHCJUTHId nepneRAuKyJaap YKKa
HUCOATaH UHEepUUA MOMEHTH, & 3Ca
/ > KuCM OypuaK 1e3anuminias ubo-
{’v.%; (/ par.

Hlynaai Kuanbd, KUCM CHMMET-
pust Texkucqurura sra Gyau0, 6y
TeKucanKKa neprneHauxyasp 0z
yx arpoduia apraHMa xapakar

-¢

X KMJAraHuJa YHUHT WHEpLMs KyuJaa-
pn (20.8) cdopmyaa Ouaan aHuK-
nanysun Ba O HykTara Kyiusrat

#i )

rYRd
R® xyura xamma Mgy, MomeHTH
(20.12) ¢opwmyaa OujaH aHuKJIa-
Hqun Ba CUMMETPHSl TEKUCJAUTHAL

20.2-pacu, www.ziyouz. oS ¥ Rub L sy (I;)Tl‘a KeITHPHIAAH.
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r
o
|0 4
D - 7%,
7 7

20.3-pacm,

3. JKuck macca maprazudar ymysiu kysraamac yx ampo-

-3
guda airanma xapaxamoa Gyacui. By xoana wc=0, R*=0.
Hewmaxk, 2- xoara xypa nHepuua KyuJapH CHCTEMACH Mo, mMOMeH-
1 (20.12) dopmyna OuaaH aHHKJIAHYBUM B4 CHMMETPHUA TEKHC/H-
rufa €TyBuy xyPTra KeATHpBIaLY,

4. Arap wcucm cuMmeTpus TeKucaurura sra 6y.aub, my TeKuc-
JHMKKA mapanjes TeKHCAMKAA Xapakar/jaHca, sbHU Mexuc napaa-
Aenr xapaxkamda 06y.aca, VHEPUWs KYd4Iapy KUCM Macca Mapka-

e s ¢ B
aura Kyiuaras R* kyu 6unanm momentn Mc, = I¢, - ¢  OGyarau

KYyQTra KeATHPHAKIIHHE HCOOT/IAW MYMKHH; KEJATHPHJAraH R® kyu
Sunan Mo, MOMEHTAH YT CUMMETDHS TEKUCAMrWAA ETajH.
59-macana. P orupankaard B 6up wuHcau Xanka opgaam AC
A1l §TKaswiraH Ba YHMHT yuJapura OFUDJAHKJAAPH MOC PaBUINAA
G Ba Q 6yarau toxaap ocuaran (20.3- pacM, a). A 10k Guaad ro-
PU3OHTaN TeKHCJAHK OpacHAard umKasanum kodpduuuents f ra
TeHr. AC unuu uysuaMadauran fe6 xapa® Ba yHHHI OFHDJIMTHHH,
O wapuupaard MIIKANAHUIIHK 3bTuGopra onmai, C 10K BepTHKaa

—>
6yinab nacrra xapakaTaaHrawaary Tesjauuitn @ xamna AE Ba
KC yuacTkanapiard WNHUHT TAPAHTJMK Ky4/aapH TONWJCHH.

Eunmi. Cucrema A pa C iokaap xaMia B XaaKanaaH TalLKHA
Tonran. CucreMaHuHr xap Oup 6Y/1ar¥ XapakarHHd an0Xujpa-ajno-
xufa texwupamus. Mo uysuamaranu tydaiin A sa C 0OKJIAPHUHT
TesjaHnIIapy 6up XuJa 6y.any.

Cucremara TabCHp 3TYBUH TaluKM (aKTWB Ba peakUus) Kyu/aap

G, B, G, F, N, Xo, Yo xaropura xap Gup Gynax unepuns xys-
Aapunu Kywu6 onamua (20.3- pacm, 0, 8, 2) A Ba C 10KAap HJra-
pu/JaMa xapakarT KWIAraHH YUYH Y/JapHUHT HHEpIHA KyuaapH, MOC
paBuina, R =m0 = ~w, R¢ = mcw = Y w dbopmynanap Gunan
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auukaasanu. Bynia Rj3 Ba RC IKJADHUAT TeanaHull BEKTORJa-
pura xapama-Kapiiu AYHaniras. B xaaka cuMMeTpusi MapKasuaaH
YTYBUH KY3Fa/mac yl( atpoduna xapakatga 6yaranu YYYH YHHHT
uHepuus kyuaapu Mo = [o-e ra KeaTupuaanu; Oyuia Mp xanga-
HHHT allaHMIIMra HUCGAaTaH TeCKapH TOMOHra Hynaarad.
CucreMa fXJUT ae6 OJUHTaHAA HMYKH Kyd XHUCOOJaHYBUH HII-
JMary TapaHryiik KyuJaapu Xap 6up Oyaax anoxmjaa Kapa/rania
Tamky Kyura yragu. AE Ba KC yuacTKanapra unaaru TapaHIJMK

KYyuJapuH¥, MOC PaBHIIAA, 7, Ba 7‘; Guaan GenruaaiiMus.

Xap Kaitcu 6ynak yayn [lanamOep npuHUANHHM H(QPOAAJIOBUH
TEHrJIaMaJjap Ty3aMus.

A 10K yuyH: G F+Na-+T+ RS =

By Tenr/amanu X, y yKJaapra npoekuusnafiMus:

—F+T,—R3=0, —G+Na=0.
Byuna F = f-N4 =[G sxauaura 3bTHOOPTa O/HHCA,
l
T,—fG—2w=0 1) |
&
xocua 6ynann.
- -

B xanka yuyn JasamGep npHHUMNUHK Tysuuina Xo, Yo HO-
MabJyM peakuusJapHH TeHrsaMara KHpUTMacauK Makcaauia CTa-
THKAHUHT MYBO3aHAT TeHr/amasnapufad kyunapuuur gakar O nyk-
Tara nucGartaH MOMEHTIapu AUFUHAHCHHU TY3aMH3:

~Ty r+T,-r—M5=0, (2)

6y epna r—xaaxka panuycu. Xanka K HyKTacuHWHT ypUHMa Tes-

Aaprmy C 10K Te3JaHWwMra TeHr GyJaraHup yuyn w =¢e-r 1eb &sa

onamu3. Xaakanuur O Hygrara sucGaraH WHepUMA MOMEHTH [op =
P >

=mpri= r? Qopmyna Gunas auugaasasu. Y xoima Mo =
g

=P Py,
4 r g
lynra xypa (2) TedrnamMa Ky#unaary KypPHHHIIHK OJlanu:
T+ T,—Ew=0. (3)
g
Ouan C 1wk yuyH JasamGep NpHHLMNUHK KYJAaadMmus:
] Q—T,—R¢=0
&ku
Q—T2~§w=0. (4)

1), (3), (4) renrnamagap cucTMACHHY Qupramukaa eunC, HOMaL-

u




—_Q=f@
a+rP+Q &
Q—a

T, =Gl14 2229 ),

( - 0+P+Q)

60- Macana. Ysyuauru [, orupauru G
6yacan OA cTepxenp ¥3rapmac o Oypuax
Teanyk GuaaH alsaHyBuHM BepPTHKAJN BaJjra
O 1wWAapHEp BOCHTACULA GUPHKTHPHJTAH
(20.4- pacm). CtepxxeHHUHF A HYKTacH 3ca
saara AB ropusouran un opxaau GOF.aH- 20.3-pacw,
raH 6Ysu0, WO CTepKeHHU Baara HucOataH
« Gypyakaga ymaa6 typanu. Crepxenuunr xOy Tekucauruaa
Kofinawran xosatuiaa (O wapHupAaru peaxuus Kyunapu sa AR
ANAArd TAPAHLJUK KYydu aHHKAAHCHUH.

Eynm. Macananu [lasam6ep npHHuuny OHAAH €UUII YYYH

r\

w

o o<b

crepwenra 1ascup 3tyBun G, 7, Xo, Yo Kyunap karopura crep-
KEHb WHEepUHUs Ky4yJapuHu Kywd6 onamus. Crepienb y3srapmac
Oypuak Te3nMK OWJaH BepTHKAJ YK arpopuiaa afiJaHraid yayH
yaulr Oy a#aanum yxunad x Macodana érysuu xap 6up Am Mmac-
caay OynaKyaCHHMHT MHepuus Kyunm Amoe?x ra tenr, Uusuxau Ko-
HyH Gyhnua crepxenp Oyi/aab Taxcumnaanran 6y napaines Ky4-

JAPHUHT TEHr TabCHP ITYBUHUCH R" OAK yu6ypuakHunr OTHPJIHK
MapkasujaH ytaau Ba D HyxTa ODn-q—l TEHIJUKLAH TOMHJAA-

—

ax. R® xyu vnepuns KyunapuHuHr GOWI BeKTOPHIA TEHT Oyarann
yuyn, ynuur mugjopu (20.8) dopmy.sara acocan xyfujaarnya Xu-
cobnananu:

ag
R® = mwe = = wlx¢ =21 w?l sina. (n
g g

DHAM TEKUCAUKAA UXTHEPHA KOWNAWTAH Kyuaap CHCTEMACH«
HHHF MYBO3aHaT maptaapujan GofnaiaHamus:

N Fie=0: Xot R*—T=0, (2)
EElynO:YO—G'—_'_O’ (8)

= [ . 2
Emo(ﬂ)zo:—(}-Esma—R‘D-glcosoH]— Tlcosa=0. (4

(1) Hu 3BpTHOOpPra 0aub, (2)—(4) TeHIAaMaaap CHCTEMAaCHHH eua-
Mua:

T — 202l sina 4 3gtga G, o= 39 tga — o0 sina . Yo=0.
68 6g
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XXI1 6 06. AHAJIMTUK MEXAHUKA 3JIEMEHTJIAPH,
JIATPAHXX TEHTJIAMAJIAPH

112-§. Mexauuk cuctemara KyAuaran GOFnaHHULIAp

Bornauuiaary MeXaHuK cMCTeMa XapakaTura TerHiuJau maca-
Ja1apHu eunilaa OOFJaHMIL peakUus KyuJapuHH TY3uJaAHuraH
TeHr/1aMaJapAaH AYKOTHIN €KY YJADHM aHHKJaLl MAcaaacH KYIluM-
ya myammosapian Ompuanp. llywnmafi macansanap yupanauxu, cuc-
temara Kyfnaran OoFJaHnmapra Huc6aTan OMpOP ueKJaHulliap
K86y KUJIHHMAca, HOMabJAYMJAADHHHT COHH TEHTJIaMaJjap COHWIaH
ownb xerub, Kyfduarad macaiaHd euu6 GyaMaind., XartTo TeurJa-
Masap coHu GuJiaH HOMabAyMJap COHM Gup xua OyJaraHAaa xaw,
GOF/IaHHII peaKuus KyuJapuHH XapakaTHUHT Audihepeduuan Teur-
Jamanapuiiag HYKOTHIWHUHT yMyMuf ycyad OF.amaranuaan, Oy
anddepeHnnan TeHrAaMaNapHUHET  €UUMH LOWUMO TOTHJIaBepMaiiu.

AMANTMTHK MexaHMKaaa cucreMara Kyfiuaran OGOFJannuLIapra
Huc6aTaH 06ab3H YeKJAHHIWAIP KHPUTHO, CHCTeMAHHHI MYBO3aHaTH
&ky xapakaTura OuJ MacajnajiapHu €4ull MeTOAJaph ypraHu/ain.

2K. Jlarpaux aHanuTHK MeXaHMKa acoCuucH xucobaaunaaun. Poc-
cuana Gupunun Gyau6 M. B. Ocrporpanckuit Jlarpawx waesJapu
Ba METOMAJAPHHM HJMHA acoCha Tyaaupnb, yHu TAKOMHUAAAWITHPUO
VKUTHIL CHCTEMACHra MOPHH 3Tra.

AHaNMTHK MeXaHuKa MeTO/1apu Ha3apuii GU3UKaHMHT HUCOMMA-
JAHK HA3apUACHTa, KBAHT MEXaHWKACHra ACHP MacanalapHH eyHul-
I1a, TeOpauWIIJApPHUHT YMyMuii Ha3apUACHHM YpraHuiligad Kemr
K¥aaauuaaau.

Boraasguuifary MOAAMH HYKTa XapakaTuHW YpraHuiun macana-
cuna (58-§) Hykrara KyAuAraH OGOFRaldWAAD KJAACCHPHKALKACH
kypcatuarad 9aM. MexaHuk cucTemara Kyauwaran OOrJaHuiINap
XaM rojsouoM (reoMeTpuK) Ba OerosOHOM (KMHEMATHK), CTALHO-
Hap Ba noCTauuoHap, G6ymwaraauran (6up €xnama) sa OyuarMai-
auran (MxkKku éxJaama) Oyaniud MYMKHH.

dagar roaoHoMm Goraanuiinap KYHUJAraH MexaHuK CucteMa
2040HOM cucmema Kefiunann Ba KYyHUAArd KypUHHUIAATH TEHT-
pamasnap OuaHH udonanaHanu:

fv(t, X1s )’11 2y, KXoy }’2, Ry wee ’xm ym zn) EO'
G=1,2...,9 (21.1)

(21.1) na s 6unan rosonHoM OOFJanuuLIap COHM O€JIruJIaHraH.
BerosonoM 60f/aHHIiAaD CHCTeMa HYKTaJapd TE3JHK/IapHHRHT
NpOeKUHANapHTra HHCOATAH UM3BHMKJIAH &KM YM3HKJAM Gy/Maran TeHr-
Aamanap Ousan udoAaNaHUIUK MYMKHH; 4u3ugau OyaraH XoJa4a
6OFJAHMII TEHTAaManapy KYAHAard KYPHHHWAA €3naanu:

n
fo=—a, + Z'I)p' 75 TS T dpl -2,)=0, (n=1,2,....5) (21.2)

=1
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WyHu Tabkuasaw 3apypkw, ¢
cucTeMara Kyauaran OOFJaHHIU-
JIAPHUHT OHUP KHCMH rOJOHOM, 2
KOJrddi KHCMH 3Ca OerojoHOM A
GOFAaHUMILAAD XaM GFIHiIN MYM- ~4
kuH. Bu3, acocau, rosoHoM CHC- -
TeMa Xapakatd éxu MyBO3aHaTH- 4
HH yprasHamus.

Mopauit nyxkra yuyn ©oF-
JaHUILAAD  TeHrJAaMajsapHHHHE
COHM yuTalaH olwwMac sgu. Arap
MexXdaHUK cucteMa A Ta MOAAUH
HyKTanaH TawkKHA Tourad O6FJca, yHra Kyiuiran OOFJaHHLIIAD
TeHI1aMaJlapHHHHT COHM 3/ AAH OWMACJUTH Kepak.

(21.1) Ba (21.2) TeursamanapHuHI COHM yMyMaH 3n Ta Xxam
6yauwy Mymrud. By xosna GoraaHuumi TeHrJjaMmajapuHu Oupra-
AuKaa eunb, MexXaHuK CcucTeMa HYKTaJapuHUHT 37 Ta KOOpAH-
HATaJapUHKU BAKT { uuHr (QyHKUMAJAapA Chparuia aHugaaul MyM-
KuH. DyHJa cuCTeMa HYKTa/JapuMHMHT XapaKkaTH cucTemara KyHuJa-
raH OOFJAHWIIJAPHUHT XapakTepu Gusan aHuKAaHajd. By xoana
cucTemMa HyKTasapura Kyfiusaauran xap Kaspafl KydJjap cucrtema-
ra gy#naran Ooraanuwnap Ouaan OeATUAAHYBYM XaPaKaT/IapHH
yaraptipa oaMaind.

Cucremara gyiuaran OoFJaduinapra Aoup Oup Hewya MHUCOA-
Aap kypub uugamus.

1. Cucremaunnr M,(x,, ¥y, 2) Ba My(x,, ¥y, 23) HYKTANAAPHU
yayuaury [ Gyarad aGconT KaTTdy CcTepxedHb Ou/aaH CoFjaaHras
6yacuH. ¥ x0a1a GOFNaHHI TEHT1AMaCHHU

(X — X))+ (Y2 — 0+ (2, — 28 =0

KYPUHMILAA €3ull MYMKUH. Dy Tenrsama Ounaad HPOHaIaHYBYH
6OFMaHHI CTALKOHAD, TFOJOHOM, Oywatvaiiuran OOFJaHMILUD.

Arap M,, M, HyKTanap crepxeHb YpHHra uy3uaMafiouran un
Gunan anmawTdpuaca, 6yHnan OOFAAHHIl HYKTaJdapHUHT Oup-Ou-
punad y3okaawpmura fya gyfiMaiau, JeKuH HyKTAAapHUHr OGUp-
6upura sKuHJAAWLHIIY MyMKHH. By xoana [ > MM, 6yau6, 6oe-
JAHHULI

L]

Y/ K R0 oy Y e 7

21.1-pacm,

ey — X)) — (Vi — 3 — (21— 2P >0

TEHrCH3UK Ounan Oepunanu. Dynpait Oornanvw Oyurataauras
Gynanyu.

24

2. I'opnsontan texkucaux 6yiaa6 ysrapmac v Te3auxk Ounaan
xapaxaraanypun ABC yuGypuakuunr BC Tomouu 6yiinaé M mou-
Lui myKra xapakataancun (21.1- pacm). BC uusux M Hygra yuyn
Gornanni Basudacuuy yrafian. Oxy KOOPAWHATAJAD CHCTEMACHHH
wynnait tanaaimusku, £ =0 na AB unzuk Oy YK yCTuna ETCHH.
Y xoana BC TYFPU YH3HKHUHI £ Momem)liarn TEHIJIAMacH Kylu-
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Bynna OC = 0A + AC =
=w+w;ODzAB%g=

=qa 1’—1—21_—11 OyAraHu yuyH

x v
ot + b

=1

S+

4] 8KH

ax + by=a(vt - b)
91.2-pacw. Kenu6 uukaan. by Goraa-
HUII TEeHrJaMacuja BAakrT £
OUIKOp paBullia KaTHaL-
raH yuyH GOFJaHUIN HOCTALUOHADP OOFJaHMIIAMP.

3. Berononom 6ornaHyuIIIM CHCTEMAHWHT XapaKaTUra MHCOJ
Tapukacuaa aGCcoJ0T KATTHK LWAPHUHI Fajnp-6YAHD TEKUCAHMKAA
CHPNAHMACNaH IOMaJaluMHU KeATHDUIN MyMKyH (21.2- pacm). [lap-
HUHT Oxyz Ky3FaiMac KOODAWHATA/IAD CHCTEMAcHRAaru XapakaTHHU
TekwnpaMus, Oxy TexucaunkHu Gepusrad II Texucauk Gunad ycr-
Ma-yCT Tyluaauray Kuaub oJsamu3. DOFIaHUIIHUHT TeHr/JaManapd
map Mapkasuy C HykTaHUHT OXY TEKUCAMKIAH Y30KJHUTH 2¢ y3rap-
MacauruHd Ba map CcHpTuHuHr OXY TekHCauk OUAaH  YPUHHIN
HYKTacu M HyKTa Te3JMCHHUHI HOJATa TeHr OyJaulLnHHM udoaana-
wu kepak. (5.3) popmynanu abTHGOpra oanb adTHJAraH wapraap-
HU Kyfingaruua é3amus:

2c=a, o+ o X rme=D0. (21.3)

Byuna a—wap paguycuuy, o Bextopu M uygranuur C Kyrt6
atpoduna oHuil afsanuy Oypuaxk Te3auruuu upopanaiau. (21.3)
HHHT BEKTOD TEHrJaMacHHM JHJepHUHT KHHEMATHK TeHrJaamasa-
punu sbTHGOpPra oamo,

J'cc—a(éslnq)—:pcowsinf)) =0,
Yo+ a(Bcos § + ¢ sin ¢ sinb) =0, (21.4)
zc=a
KypuHuniia ésum MymKuaH. By epma ¢, ¢, 0 map xapakaTHHU
aHUKJAOBYM napamerpaap — Diinep Oypuakaapu. (21.4) renraama-

JapHu 6eBOCHTAa HHTErpaJJall MyMKHH OyJaMaraHuaaH yJaap Gero-
JIOHOM GoFjauuwmaapuu udosanainnu.

4, xx+vyy - 2z=0 TeHraama 6uaau udonasaHyBun GOFJAHUIL
ronouoM Oorsanuuraan ubopar. YUynku Oy Tenrsamanu HHTe-
rpaanat, x* - y? - 2% W@ o criiyleenitia  KeJTHPHIE MYMKHRH.




Teursnamagaru C uHTErpajs AOHMMHACH MONAHIA HyKTavHHT Gupop
naitraard xalyJ KuJajural KOOPAMHATANaDUHUHI KuidMarura ka-
pab TONMUJIaAH.

113-§. CuctemaHuBr MyYMKHH Oyirapg Kyuuuljapu,
Unean OOFxaHuILIAp

CucTeMaHUHr MyMKuH OyJaraH KYYWIUMHH YPraHuiunaH apBaJ
HYKTaHHHT MYMKHH GYaran KyuHIIHHW Tabpudiaimus.

Bepuszan naimoa vyKkmanune yHza KYAUA2aH OOFAQRWUL 1eK-
AAULNAPURL KAHOAMAGHMUDPYSLN XAP KAHOQN YeKCU3 KUMUK KY-
yuAApua MYMKILH 0YA20H xytuuu/zap Oeiinaaou. HygraupHr

>

MYMKuH O¥Jran kyuulluHA 8r BeKTOp OusiaH GesaruaaiiMus. dr
BEKTOPHUHT KOOPAHHATA YKJApHIArH MPOeKUMANapuHH Ox, 3y, 8z
6unad Oearuaaimus; Oy KarTalukaap Hyxma xoopduﬂama/zapu-
nunez sapuayussapu Ae6 xam arasaium. ¥ xonna MyMkHH Oyaran
KYUHIl BEeKTOPDHHH HYKT3a KOODAHHATaNapHHWUHI Bapuauusiapn
opKaau Kyiinaarvya udonanall MyMKHH:

Br—tx .73y + 52k (21.5)

-

Monani ByKranvar xaKugui snewemap kyuumu dJr  Gunaan

YHUHT MyMKuH OyJran K{uuinu o 6up Xua1 TywyHYa 3Mac, dr
XAKUKUIT Kyuuul Gupop df BaKT OPAJUTH]A HYKTara TabCup 3TVB-
YW Kydusaap Ba GOUINAHFHY INAPT/IED acocuja GOFNAHHIIHU KAHOAT-

JIAHTUPraH X0J44a COmup 6y/aca, & MyMKuH 6Yaran Kyuum Gepun-
rad nafitiaa GOFJaHMII HEeKJAPHHM KAHOATIAHTHPYBUH HYEKCH3 KH-
YRK Kyuuil 6YJau6, y HyKTara TabCUp 3TYBuUM Kyura GOFJHK 3Mac;
INYHUHCAEK, MYMKHH GyAraH xyuuinna BaKT ysrapmanau el xa-
panaau.

Arap HYKTa 6upop f(x, ¥, 2, {) =0 cupr ycruaa xapaxaraa-
Hu6, yHra xy#uiaras 6omaﬂum HOCTauWoHap Oyaca, f(x — ox,
y+8y, 243z, t) =0 PyHKUHAHW napaxasn KaTtopra €fnb, WKKUH-
UM Ba YHJAAH K&TTA TapTHOJH 4YeKCH3 KHYMK MHUKAODJAPHU Tall-
7136 w06opunl OuaaH

3 = afo—{—afo'r)

2=0 (21.6)

Hpopauu xocna KHJIaMHu3. ByHﬂa BaKT Bapuauusaganmaiau. (21.6)
vwboaa @ynxyuanl sapuaynssu neinaany Ba y dx, &y, 82 Ba-
Pvaumusaap opacuaaru GorjaHWWIHM HPORANal, OOFJAHWII TEHI=
laMacuia BaKT OWKOP pPaBUIAd KATHAWMW EKH KATHALIMACAHTH-
ra Gorauy sMac. Arap 6oraamuin f(x, y, 2, £) = 0 Tenrnama Gunax
“(})Oﬂanaﬁraﬂ 6y/ica, HYKTAHWHT KOOpAMHATajnap Oyinua XaKukui
Eyqnmnapn y¥3apo ky#dunarn mynocagar 6unad Gorjanran OyJja-
H:

/—ﬂd-%— vy Yaz % ar=0 (21.7)
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(21.6) Ba (21.7) Hu TaKKOCAAWIAAH KYPAMU3KH, HOCTAUHOHAD
OOF/IaHUII TABCUPUAATH HYKTAHWHT MYMKHH OyJraH gkyduuiapu-
IaH BUpopTacd xaMm xaKukui Kyuuil OyJna oamaiau; arap Hykra-
ra CTalMOHAD ToJOoHOM OOFJanHuIlu KyHnaran 0yJ/aca, yHHHT MyM-
KMH OYJAraR Ky4YulliapuiaH OUpH HYKTAHWHT XAKMKHI Kyudliura
MOC KeJUIUM MYMKHH.

Cucmemany mawKiui 3mysin HYKMaAap MYMKUH OYA2AH
Kyuuiaapn myniami CUCMEMAHUHE MYMKUH OYA0H KY1Qu Q-
pu deiiuaadu. YMymon, cucrema OMp Hewa, XaTTO ueKCus Kym,
MYMKHMH OyJraH kyuuinaap OJAWIIA MymkuH. CHMCTeMaHUuHT MyM-
kuH OyaraH Kyyuwaapu yura gyduarad Oapua OoFJaHuluIap
YeKJaUIAPUHE KAHOATAAHTHPUILH KEpaK,

Arap cucremara (21.1) Teurnamasap Ounan udomasanysuyd §
tTa TroJoHOM GoFJannm Kyaumaran Oyaca, (21.6) sa (21.7) ra
yXimam

n

W of of, , s
o= N[ oy, 2 ke = -19 ... .
/, l‘:l (drl 0Xt+ay‘ Y1 - Y 21) 0, (r=1,3, , §) (21.8)

af, N (. J, o,
d,, = ';t" at + “:{ ((}—xz dxi—i—ayi dy‘«{-d—z’ dz‘) =0,
(V::.},Q-- .y S) (21'9)

MyHOCa0aTapHu €3um MyMKHH, [0JOHOM CHCTE@MAHHHT MYMKHH
Gyarad xyuuiapu (21.8) MynocabartsiapHu KaHOATJAAHTUPULIK Ke-
pax.

Hykra éxu cucrema MyMKuH Oyarad wyynuiapu Oup-Oupura
Gorauk Oyaumn éxu GOFAMK OVAMACJAUrd MYMKHH,

JpKuH HYKTAHHHT (Ox, 8y, ©02) MYMKHUH Oy/raH KydulUJapu
oup-6upura O60raug aMac. Arap Hykra f(x, y, 2)=0 cupT ycru-
na xapakarjadanurap 6ysca, YHUHT MYMKHMH 6YJArad xyuuuiaapu-
JIaH UKKWTacu OGup-6upura GoFauK Gyamai, yuunuucu (21.6) my-
HocaBaTHN KaHoaTiawtupuiiu Kepak. Llyuwnnraek, (21.1) xypu-
HUIIJLAarK § Ta TrOJOROM OOFJ4HUII KYHHJAFaH 7 Ta HYyKTajlaH
TAWKHA TONrAH CUCTEMaHuHr 37-—$ Ta MyMKUH OYJraH Kyuuiiad-
pud Gup-Oupura Ooraug OyJaMaf, koJran § T4 MyYMKUH Oyaran
kyuumaapu (21.8) MyHocabaTiapHu KaHOATAAGHTHPHILH Kepak.

Cmayuonap 2040HOM O0FAdHumOQ2E CUCMEMAHUHZ OUp-
oupuza 6orauy Oyamazan MYMKUH OYA2aH Kyiuwaapuw COHU
Wy cucmemaHuHez IpKUHAUK dapadxcacu Oeilusadu. S Ta TOJO-
HOM OOF/QHHUI TabCHpUNArd /A Ta HYKTAnaH TAWKHWA TONTraH
CUCTEMAHUHT 3PKHHJNK 1aPaxacuny # Ouiad Gearunacak, = 3n—s
1e0 €é3uill MYMKHH.

Kyu kyiiuiran nygrauuar GUpop O MyMKHH GYyaram xy4uuin
Nard WYy KyYHUHT JeMeHTap WILIWHW, KUCKAua, KYYHUHZ MYMKUH
6yrean uwu pne6 atajiMu3 Ba . yuu OA Ouaan Oearuaaiimus. ¥

XO0/A8, 2/1EMENTAD nIl,EaALDIPBRALKSBAas




A = For = F3x + F By + F,3z (21.10)

dopmyaa ypuuau 6yiand.

[IlyuuHraex, £ Ta HYKTaAad TAWKHJA TOUraH MEXaHHK CHCTe-
Mara TabCHD 3TYBYM Kyu/Jap MyMKun Oy/AraH HIIIaPUHMHT HHFUH-
JUCHHA

n
- Y -P.'.
A= > Hir (21.11)

i=1

dopmyaa Gunan udonanaivus,
CucTeMaHuHr xap Oup HyKTacura Kyfuaray OOT/aHULIIAD peak-

uua kyusnapuud F; 6unaun Gearunaimus. Cucmenaza gjluszan
COFAQHUWAAD PeaKYUs KYLAQPU MYMKUK OYA2QU UULAAPUHILHE
furunducu Hoaza mewe O0Yaaduzan OOFAaHumAGp udear 60raa-
Huwaap oednradn. By Tavpudra kypa nrean OOFAaHUILJIAPHH
MaTeMaTHK Tap3ja KyHunaruwua norajsall MyMKHH:

N hrEr, =0, (21.12)

114- § Ymymaaumras KoopaHeatajzap Ba yMyMJaalirad
Te3MHKJIAP

CucreMa n Ta HYKTalAaH TalWKWg TOOraH GyJca, YHHHT Xo0aa-
TH 3n Ta KoOpAMHaTanap, MacaaaH, IlexapT koopaunarasapu op-
Ka/lu aHUKJIAHKWIHW MyMKuH. DyHaa cucTemara (21.1) xypunuu-
Jaru s Ta TOJIOHOM (OFaanuwaep KyHwaran OyJca, 32 Koop-
IMHaTalaphaH & = 3n— s Tacu Oup 6upura GOFIWK OyJaMaiiu.
BunoGapun, Jlekapr koopAuHATaNapWAaH # TacuHH Oup-OGupura
OOFJIMK KUAMAl, s TacuHU 3Ca Oup-Gupura GOFAUK KUJAuO Taujam
MyMKuH. Dyraa 6up-Gupura Goraux GyaMarad 2 Tta JlekapT Koop-
JuHatanapu ypuura Goumka g, £ ...,8, DApaMerpnap xXaMm Ku-
putaw  MyMxuH. Cucmema xoaamury 6up Kuimamauw QHUK-
aAaiiduean Gup-6upuea Goraur 6YAMA2aH naApamempaap YMYym-
Aauan Koopouxnamasap defiusaon. Onatia, yMyMaawrad Koop-
AuHatantap Kyfduparuua OeJrunaHanu:

Gy Gas <+ s G () (21.13)

YMyMaawran koopaunatanap Gup-6upura Gorauy GYJamaranu-
Jan yJaap TypJauua ya4o Oupaurmga (Mmacanal, M, paanad, M®
Ba X.K.) OyJuIIM MYMKHH. YMYMAGUIZAH KOOPOUHAMAAAPOIAH
saKm Oyiuta OAUHIAH XOCUAGAQAD YMYMAQULZAH ME3AUKAAP

deftunadu. YMymiawran TesAHKNAPHH Gy, Qg « .., §p OHJAH
Gearunaiimus, Tabpudra kypa:
_ dg, . dq, ©_ dqy
‘/1—“—.‘: 2 dtv'-'!qk_ dt
345
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YMyMaamran KoopAnHatanap TypJauya yJa4OB OHPJHTHHH Ka-
Oyl KUAMIUK MYMKHH OyArauniad, yMyMAaliTad Te3AuK.aap Oup=
JUKJIapy XaMm TypJaHya Oyauild MYMKHH. YMyMad, YyMyMaalrax
TE3JUKHHHT YJAYOB OHPJIUIHM YMyMJaliray KOOPAUHATA Y/aAYOB OHP-
JAUTHHUHT BaKT Oupaurura nucbatu OuJaH udofanavand. Macanas,

4 KoopAuHaTta ,M° jna y/J4aurasia q—“— Aa, ¢ YyYyH paauad
c

- pax -1 .
O/MHTala ¢— — =C JAa yJauadadwu.
C

Cucrema UXTHEDHIl HYKTACHHHUHC OGUpPOp CaHOK CHCTeMacHra

HHC6AaTaH pagHyC-BeKTOPHHH 7y, KOOpAMHATANADHHU (X5, ¥, Z;)
Jecak, xap 6up ¢, yMyMJalrad KOOpAHHATAHN yJaap OpKaau udo-
jasnaui:

g =q,(x;, v ) =12, ...,k i=12,...,n o (21.14)

-
éKH, aKCHHYA, 7, X;, ¥; 2; HU ¢; OpKAJU HUdORasamwl MYMKHH:

ri:;i(qh Qor e oo s Qpy t); _’12115)
Xy = xi(qh qas oo s Gpy t)

y“”:y‘ ‘]n qZ) LA Y qk’ t), l M (21-}6)
€l=2l(qlv Gorv o qu t)

(21.15) ra Ounoan, cuctema HyKTanapuHHHr MyMKuH OyJarad
KYYWIIAADHHY Kyfinaaruua udonaiail 04amus:

- . - A
= O oy It g = N
Br‘ o, 8p, -+ 94, P SR +oqk iy ::: dg; 6‘]/' {(2117)
(21.17) udonanaru 3¢,(j = 1,2, ..., k) mynxun Oyaean ky-
LUUAAPHILKE YMYMAQUZAH KOOPOUHAMAAAP OpKAAL ugodarapu
&Kr yMyMJAUIras KOOPAMHATAAAD Bapualisiapuian ubopart. Arap
CHCTeMara TOJMOHOM OOFJanuumIap Kyfuaran oOyaca, d¢; Bapua-
uusaaap 6up-6upura GOFaMK OyJamail, YJAapHUHT COHU Oup-GupH-
ra 00rauK OynMarad yMyMmJamrad KOOPAUHATAAAD COHWUTa TEHT;
61H00apNH, TrOJMOHOM CHCTEMAaHWHT 3PKUHAUK AapaxdcH OuJan
yMyM/aauIrad KoOpAUHATakap COHM OUp Xua OyJaaiu.

bBerosonom cucrema yuyH OOFJaHMIN TeHr.aamacd TapkuOura
KOOP/AMHATAIAPHUHT BAaKT OyiH4a XOCHJATH KaTHALWTAdA Tyhanau,
OOFsianiwW TeHr.iamasnapu d¢; Bapuaunuaapra XaM MablyM MHUK-
AOpaa yeKaaHuULIap Kyaau Ba Oup-Oupura OOFJBK OyJ/Maran
NYMKHH OyJaraH Kyudinjaap COHMHM Kamairtupaau. Hatuxapna, Ge-
FO/0HOM CHCTeMAHHHT SPKUHJMK [apakacH Oup-6upura GOFIHK
6y/mMarad yMymJaliraH KOOpAUHATAIAp COHWLAH KHYMK Ba yJap
opacupary tagoByT Oup-Oupura GOrJMK MyMKMH OyJaraH Ky4uI-
J1ap COHLra TeHr.

YMysaamras KOOpAHHATANAD COHM CHCTEMaHHM TAMIKUA STYBUK
HYKTaJslap COnMra OOFAMK Oyamarand yuyn OGOFJAHMIILAry CcHUcre-
Ma XapaKaTHHM YpraHulilfa yMyMJaamrad KoopaAnHaranapian ¢oi-
Laganuin JekapT KoopAHHATAJapHHM KyJuialura Kaparanja aHua
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KyJAafiiup. ¥Mymaawrad Ko- y’
OopAMHATANApra GUp Heua MH-
COJIAp KeNTHPAMUA.

1. DpKHH HYKTaHWHT Xa-
pakatd Oup-Oupura OOFJIHK
6yamaran 3 ta x, ¥, 2 KOop-
AuHaTanap OHJAH aHUKJaHAa-
au. HlyHUHr yuyn 6y koop-
JHHaTaNapHU dPKHMH Xapakar-
Jard HYKTAHHHT YMyMJaamran’
KOOpAUHATaNapu #e6 OauwW
MyMKUH: g, = X, @3 =},
g; = 2.

2. Ky3sraamac yK atpogpu- 21.3-pacu.

Ja auJaHyBYH KATTHK XUCM-
HUHT ailaHuir 6ypyacd ¢ HH yMyMJIaWraH KOopAnHHATa nel Kapaur
MYMKUH: § = @.

3. Kpupomn-waryuau Mexauusm (21.3- pacM) HYKTanapUHHHT
MyMKuH OYJaran k¥yuumnapunay ¢akaT OUTTACHHH UXTHEDHH TaH-
Aamwr MyMuH, MyMmxus 6yaran KJYuINJapHUHT KOJraHJapu 3ca
my Kyuuwmra Gormug. [emax, Oy CHCTEMaHHHT 3DKHHJAHK Lapa-
xacu 6urra. CucreManuBr 6apua MyMKHH OyJaras KyuHIUJIaDHHHU
OA xpusowmnuudr O atpoduia aliJaHHIINAA OJATaH 0@ MyMKHH
6yaran Kyuuin opkaau Hpojanaumr MyMkuH. BuuoGapuH, kpuso-
LIUM-IIATYHAY MeXaHU3MAAH HOOPAT CHCTeMa XOJAaTHHH AHHKJAIL -
Ja yMymJaamuran koopaunara yuyH OA KPHUBOWIHIHHUHT ¢ GypPU/HLE
6ypuaruuu oaumr Mymxud. OA kpusownnga OM = m TeHTARK
6unaH anuKAaHyBum M HYKTawuHr, wynusrinek, AB maryugaru N
HyKTauuHr (AN = n) KOOpAMHATANADUHU ¢ GypUYaK OPKalu aHHK-
Jall MyMKHH., XaKHKataH, pPacMAaH:

Xy =mcose, ¥, =msine, (a)

N HYKTauuHI KOOPAMHATAJADHHH TONMHII YYYH aBBAJO CHHYC-
Jap reopemacunan ¢oiinananud 4 OypuakHd ¢ Sypuak opKaau
uponanafimMus:

sing AB b
SR 22 <lng o
a T b? — a?sin?
Byunan sing = — slng Ba cosy = T—sinwy = K ashiie
o

Y Xoana

X, = @ COS8P + 1COsY = 2 COSP - % ;/(72—azsin2cp
(6)

yy = (& — n)sinb = Ii (b — n)sine.
4
Wynra VXwam Mexauusav xap Oup HYKTaCH XOJaTHHU aHHKJIOB-

" JlekapT koopaMBaTanapUHU YMYMJAANITaH KOOPAMHATA @ OpKa-
M uonanam MyMKUH,
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115- §. Ymymaawrad kydrap

DpPKUHAMK JapaxacH £ GyaraH n Ta MOAAMH HyKTanad Tal-
KHA TONraH rOJIOHOM MEXAaHHK CHCTEMaHHHT XOJaTH ¢,, o, « -+,
, YMYMJAWITaH KOODAHHATANAp opKaau avugaancun, Cucrema

HYKTa/apura Moc paBuuAa TabCHP STYBuH Kyusapuu Fi, Farees
F 614.713H 6e.nrwlaunm< Cucrema HyKTajapu paaMyC-BEKTOPJAPH-

HH rl, r,, e r necak, 0y Kyu4.ap MYMKHH OYJraH WIUJApUHWHT
AnFuniucu (21. 11) Ounad auugaadanv. (21.17) nad MabIyMKH,

l_zdr,

=199y
Wynra kypa, (21.11) gy#unaruua é3unanu:
n L -
A=V F. N % 3 = }:(\‘ F, ""\ 3. (21.18)
=1 =1 %4y =l i=l

Ky#nparuua Gearuaawm Knpmai’umxz

- o
Q, = \‘ 9, (21.19)
2 i-=l i 99y

Yuna (21.18) ndona xyiinmaru KypyHHIIAK 0.Ja q4:

BA = 2 stq/ = Qitq, + 009, 4 . . . + Q3¢ (21.20)

j=
(21.19) ¢opmysa 6unan anugaauyBuu Q; KaTTanuK q; yMy#-
AQULRAR KOOPOUHAMAZL MOC KEeAYS4l YMYMAQULZAH KY4 KehH-
naau

F, Ba Bri BEKTOP.ApHY _koopaunara yxnaprmaru TAIKHA BTYB-

qnaapu  opxannu Fy= FixL"l_ Ei j+ F,zk Bri = ax(l + B)’] + 8z, /2
Kypuuulifa udoaanad, (21.19) ra xydcak, y Ky#hugaruya €3uia-
au:
V(e 0 P P
="(F L F “+F 4 (21 21)
QI "-_14 Ix 0‘“ ’{“ ly L ‘“)

UJyHﬂan Kuaub, yMyMJaawrad KyuHu xucobaawna OeBocHTa
(21.19) éxu (21.21) dopmynanapran (pou,ua.rlaﬂnm MyMkHH, ['os10-
HOM MeXaHuk cucrema yuyn 8g,(/=1,2, , k) Gup-6upura
6orauK Oyamarany yuyh, (21.20) ra 6nHoaH q, ra MOC KeayBuHd
YMYMAQIIrad Kyy Wy YMYMJAWTaH KOOPAHHATAHUHT M; KYYdilld-
na MyMKUH Gyaran WILHE XucoGaawl Ou/iaH XOCH/A KMAWHraH Hdo-
naparu 8¢; onpunaru KodhduuueHT Ae6 ONMHUINHM XaM MYMKHUH.

(21.20) dopmynranan poirnanauub, OGHpOP VYMyMaaLIraH KOOP-
nuuatara (Macanad, ¢, ra) MOC Ke/NYBHH yMyMAaWran Kyuun (Q,
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HM) TONUMW Kyduaardya Oaapuauimiy MyMKuH: ¢akat ¢, Oyiiuua

MYMKUH Oyaran kyuumn Gepub (3¢,5<0), Koaran koopauHaTajap

yarapmaiian 1e6 kapanagn (3q.=ig,= ... =20g,=0) Ba Oysra

MOC Ke/JyBuH MYMKHH O¥yJaran uw 6A4, xucobsanaan: 84, =
n

‘ - >
= ( Z F,ﬁl‘l
=1

purudaMcy xucobaasaérraiaa Qakar ¢, KOOpAuHATA Bapuanua/ia-
HUWMHY udonanaind. ¥ xoana (21.20) pau

34
Q=
' 3
xenub uyukandu. llynaa# kuiuG, uxTuépuil ¢, yMyMJaawrad Koop-
JAUHATara MoC KeqyBYM (Q; yMyMJaIraH KyYHH XHCOOJall Y4yH
3A .
Qj = —j’ (’=152l"' ’ k) (21'22)
qu
dopMyna x0ocua KHAuHAIU.
Motennman xkyunap yuys
F LU g _0U g 0U
L ()xl’ ty 0”' i 02‘

) , OyHla ¢, MHAEKC MYMKHH OYJraH HIIJADHUHT
’ q1

6yavmy awTHGOpPra oaunca, (21.21) udona

Q =$(ﬂ10_xl U ayp U 9 _ Y
/ =~ dx, 0(]] 0y, 0(]] ' 0z; 0qj. dq,
KypuHHuina é3unaav. ByHna kyu yuaxuuscu U cucrema norte-
unasn aHeprusicd II 6unag Il = — U 4 C Tedraux opkaau udona-
JAaHTaHUAAH, Ky4 (QYHKUHACH MaBxyA OYJAranmja ymymaawrad
Kyu4aap

e (21.23)
0b] 61]]
dopmyaa Gunaan xucoGaaHaLU.

(21.22) nam KypaMmMu3Ku, YMYMAAUWZAH KYLHIKZ YA108 Oupiu-
2n vl GUPAMCHHHHC YMYMJaulrad
KOOpPJMHATA YJYOB OUPJHUCHrE HHUC-
6aTura TeHr; arap ymymJjawmrad Ko-
OpAMHATA Y3YHJAHK OUPJHMTHAA YAdan-
Ca, YMYMJAUWITaH Kyd KY4 OUPJUTHHU
(H), g—pan/c na Yauanca, Q—kyu
moMeHtd Oupaurduu (H-m) gabya
KuJaanu.

¥YMymaauiran KyuaapHd Xuco6-
Jamra  AoHp MMcoJaaap Kypub uuka-
Mus.

[. 21.4-pacmaa  TacBupJan 2
snuuuKAuK MexanuaMmaa OA Kpu- |
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BOIIMNra y3rapMac afiJaHTUPYBYU MOMEHT
M  xyinaras. KpHBomnanHr OFUPJULH

G D nuck orupavru P panuycu r, Bxyas
FaaMac AUCK paauycu R ra TeHr. Mexa-
HU3MHMHI BePTHKAJ TeKUCAKWKAAry xapaka-
THAA YMYMJAWTaH KOODAKHATA YUYH KpH-
BOLWMNHUKHT  Oypuanw 6ypuaru ¢ uu 04u0,
YHra MOC KeJYBUHM YyMyMJaliraH Ky4YHH
AHUKJAAMHU3,

Kpusomunra O atpodusa 3¢ MyMKHH
Gyarau Kytmm 6epn6  cucremara KyinJaran

M MOMEHT, G P, .\ .Vo KYyuJapHHHT

my Kyduiiaaru MyMKl/IH 657.111"3}-1 dumJjaapu-
HUHT HUFUHANCHHHM XHCOG/aliMu3:

b4, = Mg —G - ’J;R cosgdy — P(r +

21.5-pacwm.

2M — 2P R
+ R)coseds = g+ 2)(r+ Jeose 39,

(21.22) dopmynara 6MHOAH YMYMJAAaWTraH Kydy KYAWAarura TEHT
6yaanu:
_ by 2M — (G +2P)(r + R)cos ¢ 4
Q.= o = 5 — 0
P

2. M yarapMac MOMeHT TabCHpHia OFupaurd P, paauycu R
6yaran Gapabanra um Ypasuuid HATUXKACHAA, HOra GUKUPAUCH €
6¥aran npyxuHa BocHTacuna GupuKTHpWJAran (G OFMPJHKAATH IOK
xapaxarra keatupunanm (21.5- pacm). Bapabannnar 6ypuanir 6yp-
yard ¢ OW/IaH NPY)KHHA 1eOpPMAaLHACH X HU YyMyMJauwrad Koop-
Aunata Ae6 0110, yJapra MOC YMYMJalITaH KyuJapHd aHuKaau-
U4 KYypaiJauk,

E P

->

-
CMCTeMara Kyfinaras M moment, P, G OFUPJAUK KYyuJapHu Ka-

TOpHra XO .V peakuus Kyu/aapu xamaa F =cx npyxXHHaAHHHT
IMACTUKJIHK quuﬂu KyaMus.

CucreMaHMHI 3DKUHANK [apa)KacH HKKHra TeHr 6Yy.aub, ¢ Ba X
6up-6upura GOFIUK 6y Maran KOOPAMHATANAPAUD. Assan d¢p e 0,
3x =0 ne6 oaub, wy Kyuumparn MyMKHH OFJ/rad HIIHH XHCOO-
AafiMus:

34, = Méy — G - Rie.
¢ yMyMJalraH KOOpAMHATara MOC KeJyBYH Q, yMyMJauirag
Kyu (21.22) ra Kypa ky#iuaarnya TOMHJIALH:

¢

4

=%’=M——G-R(H'M).
{4
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Auau 3¢ =0, dx#£0 MyMmxun OYarad Kyddmmjgard HInu XucoG-
JAaAMHA3:
8A, = @x — Fdx = (G — cx)dx-
A,

Buuobapuu, Q, = = G — cx (H).

116- §. MyMKun Gyaran Ky4dil NpHHUMIH

MyMkuH 6§arad Kyduul NPHHUHNHM uAeas, FOJAOHOM CTalHO-
Hap GOFJaHUIUAACM CHCTEMA MYBO3aHATHHHHL 3apypu#l Ba eTapau
mwapraapunu wdonanad, xyaungard TeopeMa Guaad TabpadaaHaiM,

Teopema. Hdean, zosonom, Oyuimmaiouzan cmayuOHAP
OOFAQHIULAGD MABCAPUONN MEXAHUK CUCMEeMARUNS MY803AHAM-
Oa OYyaumn Y4yn YH:Q Mascup 3Mysiun axmus KY4AQAPHIHZ CUC-
MEMA HYKMOAAPUHILAE MYMKUH OYMRaK KyLumaapuoqey wuiid-
PUHUHZ QUFUHOUCH HOAZQ MeHZ OYAuuy 3apyp éa emapiudup.

Cucrema xap GUp HYKTacHra TabCHp 3TyBYM AaKTHB Ba peak-

uuA Kyuaapuru MOC pasuwaa Fi, Fj, nyKtanap paauyc-sextop-

Japunu r; Ounan Oearuaaiivus. ¥ X048, MyMKaH GYAraH Kyuuil
NPUHLUITH
n -
EA%= N Fiir=0 (21.24)
]
(=1
TeHrjamMa GuJjad nboaanananu,

ABBas cucrema MyBosaHataa 6yauwu yuyu (21.24) maptauur
3apypauruHu ucoraaiiMus, Cucrema MyBo3aHaTaa OyJraHu yYyH,

YHUHT Xap Oup HYKTacH xaMm MyBo3aHataa 6y.u0, 7“,‘ +;-‘§ =0,

((=12,..., n) wapr Gaxapurnuin xepax. By wudosaun 3r,
ra ckaasp Kynadrapub, CHETeMaHHHr 0apya HyKTanapu G6yitnua
HUFHHAHCHHA XHCO0/1aiMu3:
A e o
) £l + 2
(21.12) un, AbHH cucremara Waeas OOFJIAHHIIAAD KyHHU/ICAHU-
HH 9bTHOOPra 0/CaK, OXUPTH TeHraamagad (21.24) xocua Gyaanu.
Auau (21.24) wapTHUHT CUCTEMa MYBO3AHATH YyUyH eTapau
Oyaumunu ucGoraaiimus. Bynunr yuyuw (21.24) mapr Gaxapu.aca
XaM, cucteMa MyBO3aHataa OyJamaian neb dapas Kuaamus., Y
X018 CHCTeMaHUHr OHPOD HYKTACH Xapakatda Oyaud,

'77?4'7;':7"1 =

KeaH6 uuganu. ByHOai HyKTaHWHT OHPOP dr, XakHKUH KyuHIlH-
Iard MUWH HOJMAaH (apKau Oyaagu:

ir, =0,
-l

-

-
-

-

kid;z - (F‘}+ P )d;i > 0.
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Cucremara gyiigaran Goraaduwjap craugoHap roJoHom OorF-

Jand OyAraHd yuyH dr:t XaKUKH Kyuuw cucreMa MYMKHH 6yJ-

ral xyuumuHUHET Oupu O6yJaa oaanu: dr;=20r;, ¥ Xoaxa.
(Fi+Fl)ir,>0.

By udonanu cucrema Gapua nygrasapu 6¥finya K§wumub,

n o, o n e o
N Fitr,+ N Flor,>0
i A
i=1 i=1
TEHI CU3/MUKHY XocHa Kunamus, (21.12) ra kypa oxupru Teurcus-
JIMK

LI
V anr‘>0
)
i=1
Kypunuuwinu osanu. By aca (21.24) ra sunmup. Hemax, xuaunran
(apas HOYDHH Ba cucTeMa MyBO3aHaTaa GyJaasu.
(21.24) udonann anasuTAK yCy/axa Kyduaaruga €3uml MyMKHH:

E (F3dx, + Fiy 3y, 4+ Fidz) = Q. (21.25)

i=1

(21.24) éxu (21.25) udona Jaepanye npunyunn €xu wu meHa-
Aamacy ned xaum aragaand.

Arap cucTeMaHuHr XOJATH ¢y, G, - .. , §p YMYMJAQWIaH KOOP=
JuHartaap opkaau auugsaauca, (21.20) nau 8A = Q,89,-+Q,0¢,+ ...
+ Q89 =0 6yaumu mabvaym sau. Ulyura xypa (21.24) gyiuzaru
KYPHHHILHU 014 0H:

Qg+ Qd7, + .. . + Qdg, = 0. (21.26)

Tononom cucremana 3¢;(/=1,2, ..., k) 6up-Gupura Goriuy Gya-
varau sapuauudanap O6yaranu yuys (21.26) man

Q1=01 Q2=01 e ey Qk=0 (21'27)

keaud unganu. (21.27) mymxun O0Y42a8 kyium npunguUnUHLHE
YMYMAQUZAH  KOOPOUHAMAAAPIQ UPOOAAARUMUOUP: 20A0HOM
cmayuonap 6ywammaiionzan noeaa 00FAQHUILAY MEXAHUK CUC-
mema Mys0sanamoa Oyauwu Y4y xap 0up YMYMAQUIAH KOOP-
OuHamaza MOC KeAYSLl YMYMAQUIZAH KYLHUHZ QA0XUOQ-0OA0-
xuoa Hosza mene Gyanwiu 3apyp 8a emapaudup,

Cucremara TabCHp 3TYBYM KyuJap NOTeHLHaJ KydJaapaas uoo-
pat 6yaca, (21.23) uu anTuGopra onub, (21.27) Hu Kylunaruua
€33 osaMus;

W_o, Y=o,...,%=0 (21.28)
9, 0qy oqp,
éku
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{ ol vil

— {,n =) e g T = 0
by 4y, 9
(21.28 a)

ADHH CUCTMEMAHURZ MYB03AHAIN XO-
aamuda k¥4 @yryuscy Exw  Ccuc-
memMa NOMEHYUAL IHEPUSCU IKCM-
penar Kuimamea sea 0yaradu.
MyMkuH OyJarad Kyydll NPHRIK-
nuuyM Haeas 6yJavarad GOFJaHWIN Jaru
cucTeMa MYBO3aHATH YUYH XaMm yMy-
MaH TaTdMK 3THI MyMKHH; Oynja
dakar unean OyamaradH OoFaanuill- 7 T LR R R
Jap peakuus Ky4JapHHU XaM AKTHB
Kyunap xaTopHra Kyinu0 oaull Ke-
pak. 2.16-pacy,
6l-macana, Buutau 1npeccHHHT
AB pactacura TOPU3OHTAN TeKHC/IMKAZ WY 1ACTArA MEPHeHIAKY«

JAAp paBuuIRa HAyHaJra (P,, Pz) Kypr gyauaran (21.6- pacm).
Bunrt Kamamuud £ ra rteur, P, = P,=P a AB=2[ net oaub,
NpeCcC/Aanaéti dH KUCMHU KHMCYBYM KyY TONMJACHH. DorjaHHi/iape
Jlary  MIKajaHalIap 2bTUOOPra OJMHMACHH.

>

Euymm. [Ipeccnanarran XUCMHHHT mpeccra TabCUPUHU N pe-
-~ -
aKLUuA Kyud OWJaH anmamrtupamMus, ¥ xoqaga cuctema (P, P,)

HYPT Ba N KyujzaH ubOpaT MyBO3aHATAAIM CHCTEMAHM TaILKHA
sTafiu. MyMiuH Oy/araH kyuull npuHndnufad Qoiaasasull y4yH
AB pacrara 3p MyMKkuH Oy.arad kyuui Gepu6, (21.24) um TeHr-
JNAMACHHYU Ty3aMH3:

9Plsw — Nis =0, (1)

Gynna 9S—TpeCCHHHT BepTAKAn Oyhuua mnacrra Kapab kyuuuwin.
IlpeccHHHr 3pKUHAMK napaxacu GUpra TEHr, s’bHH 0 Ba 3§ MYyM-
Kun OyJaran Kyuuuap Oup-oupura GOFIUKAUP. DBUHTHMHT uara-
puaama KyuumM yHUHr Oypuauw Oypuardra mnponopuuonas 6y-
110, y 2w ra Oypuaranaa BMHT A Kanamra kyuasu, Hlyura Kypa

8,9_ — 8s. Bynu (1) ra kjamus:
P! % — V) - 85 =0,

{
By teurnavapan N=4= . - P kenu6 uumgagu., dXHCMHH KUCYBYH

Kya Mugaop xuxarzan N ra Teur, AyHajiumy 3Ca yHra gapama-
Kapwuaup.
62- macana. 21.7-pacm, @ na TacBupJaHrag maatgopmara
=10 «H, P,=4 xH kyu Ttabcup sragu, A=3 M, =2 M,
235935 . : 353
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«'l//‘//}’ 2z A 7,0 .‘}.'/.’//7;

21.7-pacum,

AE = EC 1e6 0au6, A nyKrana KucHG MaxKaMAaHTaH GOFJaHMUI
peaKnus KyYnHMHT BepTHKa/J TAIIKHA 3TYBYHCH OHJIAH peakuud
MOMEHTH TOMHJCHH.

Eunu. TNratdopma xysranimac cuctemanan ubopat. Yura Ky-
finnran  GOFnaHMWIAD YeKJALIJADUHH KAHOATJAHTHPraH X0J/a
MyMKHH OyJras xyauw Gepa onMaiMus. Kafich peakuus KyuuHu
aHHKJAIl Kepak 6yJca, Wy peakuus Ky4YuHH KUpUTHO, MOC pa-
BHIIAA GOFAaHHiiHY 04u0 Tamwaam éxu OGomxaua Oorganum Ou-
JaH aJAMallTHPHUI OpKAJM KY3FaJdyBUHM CHCTEM2 XOCHJA KUJAHL
MYMKHH,

A GOrJiauuml peakuus KYUHHMHT BepTHKAl TAlIKUI STYBYUCH-
HY aHHKJIAW y4yyH Oy OOFAaHUIIHKW BepTUkad Oy#nda cupnaHa
osaauran GorJamuul GuJaH aiamawWTépamus; 6yHAa MyBoO3aHaTt Gy-

BUAMACAMTHM YuyH ', peakums Kyuumn xysmus (21.7-pacm, 0).
Hartuxana xocun 6yaran cuctemanuar AC KucMu Beptuxan Gy-
finua xyuuin oauwy, B HyKTa ropusonTaa Gyitmya Ky4uil OAMILM,
BC xucMu Tekuc mnapasiies Kyuull OJAWIIM MyMKuH, OyHia D

—
Hyxta BC HMHr ajlanMa KyuMUIM Mapxasu 6yaaau. V., KydHH aK-
THB Kyu4Jap Katopura Kymu® xapaiiMus. $laru XoCua KuJavHTaR
cucteMana OOFJaHMHINAD HJOean OYAraHd yuyH, Oy Oorsadulu-
J3PHUHE PeaKUHsl KYYJapUHM TacBUPJAIIHHHT XOoxaTH Hyx. A
nyxrara 8§ ;= AA,; MyMkun 6yaran Kyuuimr Gepuo, (21.24) kypu-
HAWJAArd MYBO34aHAT IUAPTHH Ty3amu3:

“

— Vs, + Ps,— P}s,=0. (1)

Byuna 8s, = 3s,=20s,, 8s,= NN,, D abizanva xyuuw mapxasu
6yaraun yuyn CC, =85 ,= I8¢, &s\,=h-8p Tenrauk/iap ypuuIH

h h .
Ba ysnapiaaH 6s,,,=78sc=—z— 8, wmyHocabarnu €3HI MYyMKHH.

Ulysra kypa (1) Tenrsama
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(- yA+p,—p2.’%)asA=o

KYpHHHIIHK oJanu. Bynnaru KaBc HYMiaru HGOJAHM HOJAra TEHT-
naw Guaad ¥, Hu TOmaMu3:

yA=P,_p,‘%'4KH-

dunn M, peakuus MOMEHTHHH AHMKIAm yuyH A GOFnaHMIui-
Hu KysraamaC waprup Ba M, peaknus MOMeHTH OMAaH aimaul-
Tupamu3 (21.7- pacM, 8). Xocun Gyarau cucremauuwr AC Kuc-
Muuun A atpodupa aifnantupumwt Guaan 6o, MyMKHH Oyarad ai.
JanMa Kyunw Gepamus., Byuna CB texuc napaJajen Kyuuur OJHG,
yuu D atpoduna Bp, Oypuak Ousan udoLaNaHYBUH MYMKHH
6y/aran Kyuulura ajamaiuTHpa oJaMus. ¥ XoJiaa Uil TeHrJaMacH-
Kydnnarnua €sunanu:

M3+ P, é bp,— Py hdgp=0, (2)

(2) maru ¥, nu dp, opxaan udoranaitvus. Bup tromonnan CC,=
—&s,. = ACB¢ ,, uxKunun ToMounan bs, =CDdg, &kn AC¥p, =
—CDB,DD, 6ynpa AC=CD=[; wyuunr yuys 3¢ ,=38¢,. Haruxa-
La (2) TedrJaama

(MatPi- 5= Pa ) 30 ,=0

kypuHnmaa é3uaanu. Bywaan Me= Pk — P;. % +2 kH - M Ke-

Ju0 YUKAIH.

By macanann eynmr xapaénuna Oup HeYa KHCMIAH TaUIKHJ
TONrad CHUCTeMana uAean OCOFMaHMILIAD PeAKIHA Kyu/adapuuau MyM-
KHH GYJrad Kf4dur NmpuHuMnugad o#dlanaHuC aHUKJAWHUHT ad-
3aMJUrH AKKOA HaMOE€H 6yanu. MyMmkua 6§aran Kyyuil NMpHHUH-
nu OuaaH 6upop peakuus KyuudHH OOLIKA peakUus KyuJapuHH
KMPUTMall aHUKJAIl MYyMKHH 3KaH,

63- Macada. m Maccaiu 0K ¢ CUKHPJAUKAATY NPYXKHHATA OCHJI-
rad 6yaub, nedopManuanaHMarad npyxuHa Y3YHJAHTH Zq rd TEHI
(21.8- pacm). IOKHUHT MyBO3anaT X04aTHAATH i
2 dHMKJAHCHH.

Equin. YMymnamran KoopAuHaTa yuyu 2
HH TaunaliMH3, §=2Z KOOPLHHATara MoOC Ke-

AyBun Q, yMyMaaimraH KyyHH Xucob.ai-
Mu3. IOKKa Tabcup 3TyBYM KyuJaap (JOKHMHT ”
OFMPAMK KYy4M, NPYXHHAHUHT  IJIACTHKJIMK

qun)MIHOTeHunan Kyunap GyJaraum yuyH i
Qz"oj' m§
Kyu dynkuuscu U aca 21.8-pacy,
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U=mg(z—z,)—c- (i—,—z“—‘

v}
Myunocabar Guaan udonanaunanu., bBunobapum, Q,— Y mg —
— (2 — 2,). JHRH MYMKHH OYJArad Kyuuiu nanummHuHr (21.28)
KypuHuILaary udponacuian bofinananavus: mg — c(z — 25) =0.
By TeHraukaaH IOKHUHI MYBO3aHAT XOJMATH AaHUK/AHAAN: 2 =

mg
=2, + :'

117-§. JuHAMUKARUHT YMYMHA TeHrJAaMacH

[onoHoM, Oymarmafigurad Ba uaea’ OOFJaHULIAArd 7 Ta
MoOAH#A HYKTalaH TaAllKWJ TOUIraH MeXaHukK Cucrema XapaxkaTHHH
kypaiaux., Cucremauuur xap ©Oup my(i=12, ..., n) Maccajiu
HYKTAacura TasnCup KHJAYBYH AKTHB Ba peakuuﬂ KYYJ&8PDUHHHT TEHr

TabCHp ITYBYHAAPHHH MOC PABHIIA F., Ft opxa/au Gearnnafiankg;
p

Oy HYKTaHUHr WHePUUa Kyud Cbi— —mgw 6yacud., ¥ xoJana cuc-
TeMaHHUHT Xap 6up HYKTaCH YuyH Llanambep npHHUUTIHHYM ugosa-
aosun (20.2) Tenrsama Ky#uaarg Kypuuupuina €suaanu:

Sy Fl—mw, =0, (i=12, ....n). (21.29)

CucteMa HykTanapura &r, MyMkun Oyarad Kjudm Oepamus,
21.29) udopanu 8r; ra ckaanp KynadTHpamua:

For +Flir, — madr,=0, (=12, .  n),

By Tenrsamanap cucteMacuHu Xaianal Kyluamus:

2 Fiur, + Z Fiar + Z (— myw,)br =0, (21.30)

i=l1

o
Cucremara ujgeas GoFaaHHLIIAD KYAKUArAHE YUYH 2 Fidr;=0
=1

6yau6, (21.30) teurnama Kyiuparuua €3unanu:

N (Fi—my,)or, =O. (21.31)

f=

(21.31) udona oJunamuranure Yuymull menzaamacu pedu-
NafH Ba Kyiugaruua tabpudaananu; udean, 2040HOM, Oywam-
uaiiouzan cucmemaza mascup SMmMYgUL AKMUS KYiaap OCusaw
CUCTEMA HYKMAAAPU UHEPHLLA KYLRIPUHUNKE MYHKUK Ofazay
LHAQPURIHE RUFUHIACH HOAZQ MEHE.

-

w, = r, 6yaranu yuys (21.31) Tenraamanu
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[ N 2 - ds
\ (F!I—m,r‘)':rl? 0 (21.32) ;g -.A‘,
=1 A A W

&
r > 14114, ” }
T 8 (é# ,
r; Ba Or; HH KOOPAMRATA YKJABPHIAATH

TawkHJA 3TyBIWAapH opkaau udona- ]
aa6, (21.32) ra kyiicak, ‘

t

KYPHHHLIAA XaM 83U MYMKUH. F7,

-

Z [ fe—miX x4 (E‘,—‘y—m,:\;,)ay‘.q.

i=1
+ (Fls—mz)t2,)=0 (21.33) 21.9-pacm.

xocua 6yaanu. (21.33) nbona Junamura YMYMUL MEHZAAMACH-
HUHZ QHAALMUK K§PURLULLOLD.

Jlunamukanuur yMyMmuit TedrJamaculian Goinananub, naean
roaoHoM, Oymiarmaiaurad GOrnaHuulIap TABCHPUAATH MEXAHUK
cHcTeMa AWHAMUKACHHHHT OGHPHHUM Ba HMKKHHYM aCOCWil macana-
JAPUHK X84 KuAMI, AMHAMHKAHHHT YMYMHH TeopeManapHHW kea-
THPUG uuKapuw MymkKud. Arap OoFdaHHWIIAD HAeas Oyamaca,
peakius KyuiapHed XaM akTuB KyuJap Katopura Kyuub oauy
Bunan AMHAVUKAHMHT YMYMHA TenraavacHaad Qoiaanannm myu-
KHH

64- macana. 99- macanana C OKHHUHT Te3JAHUIIM LHHAMHKA~
HUHI YMYMHI TEHTI1a MaCH LaH (;)ounaumG aﬂuxﬂaucnu (21.9-pacwm).

Equui. Cacremara TawCHpP 3TYBUH Q P (1 Ky4Jaap Karopura
G
A Ba C 10KA3p WHeplus Kyuaapn Ri— < w, Re =" w Guran B
g g

XaaKa HHepUMA KYUNaDHHWAT MoMeHTH Mo — Jore=— rw Hu
KYmub onamus, A 10k GHJIAH TOPH3OHTAA TEKHCIUK OPACHUAATH
HUIKaAaHUI peakuua Kyuu F =[G Hu akTuB Kyunap xaropura

Kymub Kapatimus. Koaraw OOFAaHMIIJAAp Hlean OyJAradl yuyH
pacmpa yJapHUHT peakuusd Ky4JapUHH TACBUPJALIHUHT XO0KATH
HYK.

C 1oxka 35, MyMKun Oyaray Kyuuw O6epub, AHHAMHKAHMHD
ymywmuil Teuraamacu (21.31) HH Ty3amus:

Q-85 ,—Fas, — Ribs.— Mibp,— R33s, =0, (1)

ts
Byuaa 8s.=ds,, 6‘90=’,_C 6yarauu yuyu (1) Hu

L

. M
(Q— F— Ri— r——/z,‘)ssA =0
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Kypunuiuiga €3nm MyMxuH, Kasc nuuparu w»doOLaHu HOAra TeHr=-
JaWTHPUOG, HHEPUHA KYUJADHHUHT @ OpKaad HGOmasapUHH FBTH=-
6opra ou6,
G
Q—fG—-2w—F . t_Y%u_o0
£ 4 r g
TeHrJAMAHH XOCHJ KujiaMu3. Dy Tenraamanan C 10K Te3JIaHHIIH
W TOMHAAMU;
Q—fa

w=""" g,
G+P+0 £

Iynnait Kuau6, nuHAMUKAHHHT YMyMHH Tedraamacunan ¢oii-
NAJaHUNTAHAA WIIHMHT TAPAHTJUK Ky4Yd KHPHTHAMAca, Maca/aHu
€YUl aH4Ya COAJAMNAINALH.

118-§. Jlarpan:KHUHr OMpPHHYHM Typ TeHIJaMajapu

Arap n Ta MOZIJJ,Hﬁ ny'ranaﬂ TAIIKKUJA TOonraH cucremara
B 91 2 ey Xy Y0 2,)=0, (v=1.2, ..., 8) (21.34)

ro/loHOM CTauuoHap Hiean OGordaHuWwaap Kyduaran 6y.aca, Oy
OOFJIaHRULIAD CHCTeMa BUPTyaJ Ky4YRIJIAPDHAAH S TaCHHH OHp-
6upura GorauK Kuiub K§itub, ynap xyhugaru MyHocabatiap Ou-
JiaH aﬂmgnaﬁaﬂw

0/“ of, fy /s
l+— )’1‘1‘0_2' 02‘+...-—l— an'{" Byn+
t
djv
0zp,

+

82,=0, v=1,2, ..., s). (21.35)

punobapuu, 3n Ta 6x,, 3y, 3z, ..., dx, 3y, Oz, BUpTYan Ky-
yywaapaad (3n—s) tacu 6up-6upura 6Goramy Oyamaiigu. (21.35)
TeHrJaMajapiaH S Ta Gup-6upura GOFAUK KYudwmaapuu (3n —s)
Ta Gup-Oupura 6oramy OyaMmaraH KydHwJaap opxanu uHdonanaad,
yNapHH AMHAMHKAHHUHT YMYMHWI TenrJamacura gy#u6, oup-Oupura
GoFsuK Oy/MaraH MyMKuH OyJray Ky4ulljap OJARKAArH Ko3(du-
LMEHTJapHH HOJTA TeHr all OW/aH XapaxaTHMHT 3n—S Ta audde-
peHIMAJ TEHT/aMaJapuHU XOCHJ KW/IHW MyMKuH. Dy TeHraama-
Jap KaTtopuia § Ta GOFJaHWII TEHr/JaMajapuHi 6uprainkiaa oauo,
3n Ta TeHrJgamajsap cucreMacura sra 6yJamu3 Ba yaapHu euuo,
X1y Y15 Ry oo s Xps Yo 2, KOODAHHATAJNAPHU BAKT Ba WHTerpaJ-
Jam fouMuiijapy Qynkuuacu cudarvia aHUKAAUl MYMKUH.
AMMO Auddepenunan TenriamajsapHH OyHAAH euqdll METOAH
aHuaryHa Mypaxkkabaup. Byupa JlarpaHmHHHr HOMabayM Kymai-
TyBYUJIApH Heb araaMuul Ay, Ay, ... , A, JaH ¢oBAaJaHKuIl YCYJau
aBBaJrMCHra Kaparania KyJa#dpoxaup. Dy ycyara k¥ypa (21.35)
nGoxaNapPHE MOC PaBUULIA XO3UPYA HOMABAYM OYJAraH Ay, Ay ey hs
Kyna#Tys4yuaapra kynafiTupamMus Ba Xocua Oyarad xynaiTmanapHu
JRHAMHAKAHUHT YMyMufi tenraaMack (21 33) 6usnan gywamus. Mu-
FUHAMAArd XaAJdPHH TpynHanaranisd Cyur
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\n {([‘,.— m,x,+ {‘ A di) 5xa+( tr-"h)h

l—-l

_|_(F. —mzzﬂr“ ) 32,] =0 (21.36)
—\

M 9z, |

TeHrsaMa kKeqau6G uukand. IOkopuna TabkuaJaraHuMHsgex, S8x;,
dy,, d2; Bapuauusisapaan Qagar 3n—sS TtacuruHa Oup-Oupura GoF-
JHK 3Mac, yJapAan s Tacu sca (21.35) mynocabar 6uaad OorFaaH-
rai. 3n—s§ Ta KOOpPAMHATA/IAD BAPHAUUANADHHUHT MYCTAKHJ/JAUCH-
naH ¢otnananu6, (21.36) Teurnamana 37 — S T4 KHYHK KaBCAaru
udonaNapHU HOJACA TEHrJAalTHpu® oaull MyMmMkud. Kosaras s ta
KNYMK KaBcharn udopanap sca A(v=12, ..., s) Kynaftysuu-
JapHU Terulljaya tad/Jaw Ousad Hoara TeHrsaadanu. Hartvxana
Kydujgara 34 Ta TeHrjama/nap cucremacura sra 6yaamMus:

. - of,
mlxi::Fizx"{‘E)w (T):'
i

my, = Fly + V A= (=12, ..., n). (21.37)
v-=3
- e & af,
m,z,::Fiz—{—El, 0“2"

vl

{21.37) cucrema Jlazpanac nunez OUPURLL MYp MEH2 AAMAAAPY NeHu-
aaau. (21.37) Tenraamasnap cucremacu Katopura (21.34) 6oFsanni
TeHr/aManapuHd Kymu6 xapacak, 37 4§ Ta Xy, ¥;, 2;, A HOMab-
JayMmJaapra Hucbartan émumK cucreMa xocua Oyaaau. By cucremadu
eunb, s Ta épAaMun kynadTyBYWJIAD BAa MEXAHWUK CHCTEMA HYK-
TAJAPUHUHT 37 KOOPAMHATAJMAPHU BAKTHUHI QydHxUussapu cudatu-
na avdgJaanand. (21.37) HH MexaHuK cUCTeMa XapaKaTHHUHT Aud-

ar, ar, af,
(pepennuan rteuraamanapu Onnan takkocaalb, A, —, A =, A —

ox; 0y; 90z
ddonanap (21.34) 6unan udonsansaHysds GOFJAHHILAAD peaxiud
Ky4/JAapUHUHr KOOpPAMHATA YKJapHIard MNpOeKnuAJIapHAaH ubopar
SKAHJAUTUHE KYPaMHU3.

MexaHuk cucTema HyKTajapd COHMHH Ba cucTeMara KyHuJ/ras
GOFJIaHUILJAD COHUHMHT opTuwM Ouaan (21.37) Ba (21.34) tenur-
NaMaJaDHUHT COHWM jyaMm owub Gopaad, Hatuwaza Oy TenrJjama-
JIADHUHT aMajfa KyJaJauuauliy  Kuitunaamazan. Jlarpanxuusr |
Typ TEeHrJaMalapuH{ axaMmuaTH wyHAaKHW, yjap EpJAaMuia CuC-
TeMa HYKTa1apH XapakatuHW anukJjaur 6u/iad Oup karopaa Gor-
JGHHIDAAD PeaKUUAJapuHM XaM TOHNUID MYMKHH.

Mucoa Tapuxacuna P OFHDPAHKAATY MOAAHHA HYKTAHHHE CHJIKK
FrOpU30HTAA TEKUCJAMKAArW XapakaruHu KYypalauk. 2 yKHH TODH-
30HTA/A Ay TEKUCJIHNKKA HEPNeHAMKYAAp KUAub yTkazaMus. ¥ Xo0J-
ha Goraanuiu TeHrsaamacu [==2=9{ Tenrsama Ousad udoia/aHa-
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ov. By xonna Hygrauudr 3pxuMaiuk  napaxacu 3-1—1=2 ra
TeHI.

=0, Fy=0, Fi=—P 6yaraunian MOAAWH HYKTAHUHT
(21.37) xypuunwnara auddgepenunan TeHrnaMacu Kyhduaaruua
é3unanu:

mi:Qm§=Qné=—P+x%, ()
V4

By xoama A koddduumenTHn aHugIacak, A= P xeiul uHKaLH.

N Gorsanum peakuns KYUMHHHI KOOpDAHMHATa YKJapHIaru NpoeK-
LufAapH Kyduaaruya TONUJAALW:

ar of of
—_ A - = =} = =h—=A= .
N, o 0, N, 5 0, N, > P

Bunobapuu, N= P.
llyrnait xuaub, {a) Auddepenuuan TeHraamasap KyHHAaru
KYDHHUIUHK OJaJH:

mx=0, my=0, mz=0. (6)

2 = 0 Tepraama 6usan udomananyeun GOFJaRNI (TEKHCAHK)
6yiraTMatiiuras 60FAaHuIl OyArany yuyH OOWIIANFHY NafTaa 2, =

=0, 2,=0. ¥ xoanna (6) TenrnamManapHuHr OHPHHYN HKKHTACHAAH
HyKTa x) TeKHCAMKIa §3 uHepuusacn 6yiiMua xapaxartaa OYyauluH
Keanb 4uKanu.

119- §. JlarpaH)XHUHT MKKKHYM Typ TeHraamalapH

CuCTeMaHu TAUIKWJ 3TYBYM HYKTaJap COHM XaMla yHra KyHuJ-
rav GOFJAHUINIADHUAT COHKW OPTHIIM Ouaad JlarpawHUHT OHpHH-
4y Typ TeHriamaJjapunad ¢oinanauvil KuAinnaawud OGOpULIHHY
Kaiin Kuarad 3I4uK. :

Cuctemara gy#n/arad OOF/JAHHUIUNADHUHT COHM OPTWINMW GuJIaH
yMyMJaamrad KOopAWHATAaNapHUHT COHW KaMmakub Gopanu Ba An(-
(hepeHUHa] TenrnamManap yMyMJallraHd KOOpJHHATanap opxaau Ty-
3usaca, Tadunitku, Oy TenrJaamajapHUHr coHd JlexapT xoopaunara-
JAapura uucGarad Ty3u/raH TEHT/IaMalapHUHT COHHAAH KaM Oy.aa-
An. MKKHHYM TOMOHJAH VMyMJaulraH KOopAWHATANAPHU KHPHTHLU
Onsan OOFJQHMIWIADHWUHT CHCTEMA HYKTAaJapH xapakaTtura kypca-
TAAWraH TabCUPU y3-y3unaw xucobra osunasd. Llyura xypa, me-
XaHUK CHCTeMa XapakaTUHUHT YMYMJAWIraH KOODAMHATanap OpKa-
an audPpepedunan Tedraamatapu Ty3uaca, JlarpaHkKHUHT OUPHH-
uu TYp TeHrJamacuian @QofigasaHuiira Kaparasja aHuaruHa Ky-
JafiIuK ApaTUJaLd.

IPKHUHANK Japaxacy £ ra TeHr wujeast, ronoHom OGOFaanull-
JlaTH MEeXaHHK CHCTEMa XO0JIATH §,, 4. « » o Jy YMYMJaUIraH KoOp-
AuHaTanap opkaJaum auuiiaHcud. Cucrema Xap OWp HyKTaCHHHHT

360 www.ziyouz.com kutubxonasi




panuyc- BEKTOPUHH r, (i=1, 2, ..., n) 6unan Gearunad, AuHa-
MUKAHUHT acocuit TeHr/iamacu (21.32) uu

no_, -» :-: -
2 far‘_Zm‘ rar,=0 (21.38)
=1 =1

kypurnuia udonanaimus, (21.38) xa Oupunuu hururin (21.20)
ra Kypa gyduparuuya ésmnagu:

zF"Br _EQBq] (21.39)
=1

Duaun (21.38) nara MKKHHYH HUFHHAMHUHT [IAKAMHE §3rapTRpaMus.

R b
¥, = 2@8% GyaAraHd yuyu
=1 021}
- e
m‘rlér, m,r \ -q—‘ 8q;. (21.40)

(21.39) Ba (21.40) uu (21.38) ra Kyamus:

g _

FonoHoMm GoraaHdugary CcHCTeMa YuyH 8¢, Bapuauusanap Oup-
Oupura OOFaMK OyJMarand ydyH yJaap OJAuAard KodpduuUueHT-
JlapHH aJioxuja- ajnoxujga HoJra TeHl"JI86

erd’

i1 3g; Bql—o

. .
\mra——
i 0

=1

Q=12 ..., k) (21 41)

MyHOocabaraapey xocusa guaamus (21.41) TeHINUKHUHr yam TOMO-
HUJa Kyfujgarnua LIaa ysrapTupamua:

.o . -- / -\ °
— — —
m;r, ar’ =ml“u“)—rl— _mi-li v;ai —m;v, — d dri . (21.42)
\l’ 0(]] dt 'dll' i 743 dll

(21.42) uM copma XxoJra KeJTupuil Maxcaauaa, aBeBaa Kyhujarud
TeHTIMKJAAPHUHT TYFPUIHIHHKM KYpcaTamus:

o 9 _ 94, (21.43)
%, dq, 9%,
d for|_ oy

£ =% (21.44)
dir \dy, aq
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Bynna p 6unan 1, 2, ..., £ KuilmaTaapuu xabyn KuyBuM HXTH-
€puil udnexc Gearuaadras, g, 9Ca yMymaawrad TesnHkAaH HGO-

Xaguxatad, r,=r,(q;, Gy <.., Gs) BAaH KyilugaruHu €3a
0J1aMu3.

- g ori . 1 d’l . | d;.l . 1 d-'.l
v, =r==tg+ = A ==
] i o4, 0 a9, Q4 'T‘ a‘]h T ot
ST
= N ig 90 (21.45)
j=10q]- ot
- -

Byuaa gri (i=1,2,..., k) Ba %’—f XyCyculi xocuianap yMyM-
l’” ]

JaliraH KOOpAMHATajNap Ba BAKTHUHT QyHKuuMsacH G§nb, yMyM-

Jaulran Te3jukjapra OGOFJAHK O§aMaradd yd4yH xap Oup HYKTa

TE3UCH YMYMAAIraH Te3JHK OpKaAu YM3UKAM udOsaANaHHILN MYM-

KUH Ba OyHAa KYHHAArH TEHIVIHK YpuHIH OYaasn:

e
Q’_l -9,
o4, 04,

-

Ounu {21.44) Hu nc6omaﬁmus,%~" JaH BaKT GYVHHua XoCHJa XH-
"

cobaafanK:
d (o_*\ s ‘ory
ri ri . 07y
dfon|_N & o .0 ) (21.46
dt \ aq, ) ,_El 09,07, 1 or 99, / )
Hkxunuu ToMonnan (21.45) aam g, 6¥itnua xocura xucoGiaimus:

— arz . i '0;:) _
30 Zr)qu( /)+ oy, L}?/ -

=V 0'/‘[ '+ a 0fi 2147)
= 29,99, 9 ot \dqw’ (

(21.46) Ba (21.47) dopmyaanapuu taxkocaab, (21.44) dopmyaa-
HUHT TYFPHJHCUHU KYPaMus,
Ouau (21.43) Ba (21.44) myHocaGatiapHu 3bTHGOpra 0auG,
(21.42) un Kyiuaarnua ysrapTHpamus:
|

o - -
mﬂ—);dr: -—m,——(a _;) i(ﬂi%)siji[mz(f/;.w[ l_

dg;)  at lazj}
0| m@-v =1("_’i _n (21.48)
aql i 2 t N 0'51" dq]
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(21.48) na 7, 6unaH CHCTEMAHHHT M, MACCaJH HYKTACHHWHp o
HeTuk Heprusicu Gearunanrad. (21.48) udozann (21.41) ra Kying

Q

i a4 ﬂ)_dli
=114t \ og; ag;

=Q (/=1,2, ..., k)

éxH 7

d/mr:, d :

E(_'_)_‘r-‘-'-ol (/=l. 2, 0 k) (2].49)
TeHTIaMaHu Xocuan Kuaamu3. (21.49) dunamurkaniune YHYMUG ey,
AQMACURIL YMYMAQUILZOR KOOPOUHAMALAP OPKAAL 100y 4q,,
éxn JlazpanoKruKe UKKUHIL MYp MEH2AAMAAAPY  Kehyngp,

n o

Bynna T=2}T‘. MEXaHHK CHCTEMAHWHT KUHETHK SHEPrHacy sy
pm
JlarpanHUHT MKKHKUM TYp TEHIIAManapu CUCMEMA Xapqrq.
mu Judpepenyuas MeEHZAAMAAAPUKURL YMYMAAULAH Koopey
Hamasapoa ugodararumy ned xam ataaaau. (21.49) nan Kypa:
MH3kH, OY 1u " pepeHuuan TeHIJIaMaIapHUHT COHM CHCTEMAHy tay,.
KW/ 3TYBYHM HyKTajap CoOHHra 60FJHK Oyamafl, cUCTEMaHnyp .
KUHJAYK Japaxacura TeHr skad. Ly Hyxram HasapnaH -HanaHx(.
HHHT HKKHHYH TYD TEHT/aMa/JapH MEXAHHK CHCTEMa XapaKatyy.
Jewapt koopaunataaapuaaru aubhdepenunan TeHT1aMaNapy na,
€xu JlarpanKHUHr GMPHHYM TYP TeHrJamanrapujad apsaiiup,
Kunetuk sHeprusism yMyMaamwran KOOPAMHATANAP BA yyyy,
Jaiurad Te3Jukaap opxaad udonanamHu Kypub yraMmus. T
B ~ AN a_ AN [
T==Sm(vpv)=— Sm(r)=—= V%m (—‘
2 ([.) 2: j([ 2: laqlql-*"
ar or, - P T
Rl BN ri g
+al]n(h +---+{r’qu+ 9/ ¢
Kascparu udonauu kBaapaTra olinpaMus Ba yYMYMJalIraH Teaany.
Japra HucGaTaH HKKHHYM Napaxasu Ba GUPHHUH Lapakaiy ya,
JapHH 210X uIa- a10XMAA XaMAA YMYMJIAran Te3NHKAAD Karyay,

MaraH xaijJapHd ajqoxuga rpynnasapra axparaMmus. By Tpynm.
JapHu moc pasumiaa 7,, 7, Ba T, opxann Gearnaaiimus, ¥ X041

T=1,+7,4T,. 9
Bynaa S ’ (21.9)

r =\ - — -
2R IR L8 NP N/
i[(-dvﬁ) At \dlk) qk+20% J 2qlq"'+

A
+-..+2;~—r—iqk_,qk].

p_y  Oga
n T e - Pr— - n / 2
dr, Ory; * or; or; - 1 o,
TI—V’” (_, i(] +n-. —"_l'q .Tz—vm(L
lf‘ld ¢ ‘d’]l ot ! Oyy Ot k_ 0 2 ié“l i . Ot ,)
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flna xy#ngary GearusawapHH KHPHTAMHU3:

n - - " —  —
or dr, O Or adr
A =N dn g Nor drg 21.51)
I mog; og, T mmagy o (

Y xoana T, Ba T, QyHxuussapuu

t K
1 .l «
Ty—3 2 A9, (21.52)
j=!p=1
k
T,= 2 By, (21.53)

kabu é3uw mymxu. (21.51) aaum xypamusku, A; xosbduuuent
¥3 uHOeKcjapura Hucbatad CcumMerTpuxpup. A; Ba B; xo3dpu-
LHERTAZD Gy, Gy, .« « ¢, YMYMARIUTAH KOOPAHHATAAAD BA £ BaKira

GoFauK OYyAub, G, s, « .., §p YMYMJAITAH Te3AMKAAPra OOF/INK
IMac.

iyupalh kuaub6 yMmyMmull XoaJa CucTeMa KHHETHK DHEPIHACH
yMyMJalIrad Te3quKaapra HucOaTaH WUKKUHuu napaxanu Ty, ud-
sukau I'y Ba noamnum [, dopmanapHunr HuFMmAMCH cuparnia
HOLANAHNILY MYMKHH 9K2aH.

c N o e

TauHonap GOrzanuwiap xoania 2, vl 0 6yaraun yuyn Ty

i=l

Ba 7, xaanap xaMm wmoara aftnasann. DBy xo0.44a CUCTeMaHHHT
KHHETHK SHEPTHACH YMYMJawrad Teaxukaapra nucbaran

KYpUHAWIAArH KBaJApaTHK (OPMaHy TamKua KHiaiu. By epaa 3u-
a A kosdduuuenTaap £ BaxTra OWKOP pasuwiaa GoranK Gyi-

Masan.

Jlarpatx TeHrJaaMagapura CucCreMa KHHETHK IHEPrUsSCUHHHT
yMyMJaurad KoopiuuaTanap opxasu uponacunu xupurub, yiaapHH
MHTerpadnaul Gu/aH yMyMmadurad KoopauHaranapuu ¢ BakT QyHK-
nuAaapH cudatHia avuKJAaml MyMKHH. Haruxkana MeXaHuk cucre-
MAHHRT Xapakatd anukaananu. (21.49) TeHrsaaMafapHUHI yMYyMui
eudvu 2k Ta nurerpax JOMMUNJAPUHH Y3 HUMFd OAQ]H:

q]=qj(t1 Cia CZ- LR ERYY C!h)' (i =1, 2, « . o0y k).

By HHTErpaa ﬂoumm"mapn yMyMJaamran KOOpauHatanap Ba YMyM-
Jdanirad T€'3.TIPIKJIapHHHF GouwindHFHY nafTaaru KKﬁMﬂTJIapH opka-
JA TONHJJAAAH,

Ha[‘paHH{HVIH[‘ HKKHHYHM TYp TeHrJaamanapd MeXaHHyK CHCTeMa
XapakaTuHu TYJAHK AHUKJAOBUH MHHUMAJA COHAATY XamMaa GorJaa-
HUIJIADHAHE HOMABAYM peakuudaJapuHu y3 uuyra oJiMarad TEeHr-
naManapgad ubopar. Jlekud 6Oy TeHraaMasnap eunaraniaH CyHr
. www.ziyouz.com kutubxonasi




CucTeMa HyKTajapura KyduJarad djpead 60"”3””lu~.a peaKuusaa-
PUHH X#M aHUKJAI MYMKWH, DByHuur yuyy Ba\.r yHKILMSJIaDH
CH(ATHAA AHWKJIAHTAH YMYMJAUraH KOOPAunay,,ngH J[lexapr
KoopauHaTtanapura ytud, Xap KalCh HYKTaHyuur Teaﬁaﬂ“m“ TOMH~
Jajau Ba

mw,=Fi+ FlL =12, .,
TenriaMara Ky#uiaau. Bynna E2 sa F] moc payy gy M, Maccanu
HyKTara KyHuwiran axTHB Ba peaxuus KYUaapyy - TEHr TaBCHP
STYBUUAAPHAHD. F¢ Kyunapuu OepuJira XuCOGy,5, 6y TeHTaMa-
?

aapaan F GOFJAHHINAD PEAKUMANAPUHH AHHKy, - yyMKHH.

120- §. MoreHunan Ky4jaap XOJdHIa Jlap pa K HUHT
AKKHHYM Typ Tesraamanapu. Unkngg KioppsaTanap

Mexanuk cuctemara mNOTeHLMA] KyYJap Tpoup STTANAA CHC
TeMaHUHr noteHuuan 3Hepruacu IT=II¢ g . e 1) KYpR-

guaa oyaasu. ¢, (=1, 2, ..., &) YMYMaawyy, 00pAHHATANAD-

ra Moc Q, ymymaauwran kyuaap sca Q= — [HIJHKAAH TO-
dg .

nuAanu. JlarpaHxKHUHr MKKWHUM Typ TEHI‘JlaMaJ,ZJn“ﬂaF” yMyMAaL-
“u

TaH Kyd4JapHH MNOTeHUHAJN dHEePrusdHUHT XYCyC“ﬁ (OCHaaIaDU Ou-
JIdH aqaMmamrTupaMus: '

d oT or oll .
Lony 0T Oy
Exu ynu gyfinnaraua é3amus:
d 10T 0
— == —=(T=M=0, (=1, LR (2154
at t.d(h) 04; Pt )

Cucmena xunemur sHep2usicuOAH Nome,, wa.l IHEDRUSCHHIN2

adupmacu Jlazpanoc @yrrguac éxu Jlagpa,ﬂ/(’fﬂlﬂz KuREmMux
nomernyuasn deliuradu. Yuu L 6unan Bty paiiMH3:

L=T—T. (21.55)

[loTenuuasn 3Heprus ymymJaawras Te3NuKk, GoFAMK Oy.aMaraHd
yuyH

ol )T
-~ (21.56)
oyaaau. (21.55), (21.56) udonanapuu (21.54) ra Kyamus Ba
d ol daL .
— = ==0 (=1 ¢ 57)
#t (o) 0 V=L [, & (21.5
365
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TeHraamanap cucremacura sra Oyaamus. Ulywnaid xuaud, nomer-
yuar Kytaiap mascupudazu cucmema Yiyw JIazpaicHuHz wk-
Kuniu myp menzaamasapu (21.57) tenraamanap Ounad udona-
Aananu. (21.55) nau kypunaauku, Jlarpawm QyHKUHSICH yMyMaaul-
Ta8H KOOPAMHATAJNAP, YMYMJAHITAH TE3JHKJAp, IYHWHIACK, BaKT-
HUHT QyHKUHAcd OyauliM MyMKHH. YMYMJAuWraH xOOPAMHATAAZD
Bd yMyMmJaamrau tesauxaap Jlaepanoic yszapysiusapu nefivnaiu.

Anipum xoanapna Jlarpauk dysvuuscura 6ab3u yMyMJawras
KOOpAMHATANAD OWIKOP PaBuilia KHpMacaura Mymkus Jlarpaux
(PyHKIMACHra OWIKOD DABHLILA KAPMaraH yMyMJamras KOOpPAMHA-
TANapra MeXQAHUK CUCMEMAHUHZ JUKAUK KOOPOUHAMAAAPpU Neiu-
aann, MacasaH, KaplIWAMKCU3 MYXHTHA XapakartaHyBuW M mac-
caju MOAAMA HYKTaHM Kapadpurad Oyacax, 6yHna yMyMJAaIraH
xoopaunatanap cudartulia HyKraHuHr JlekapT KOODAHHATAN3PHHU
ondili MyMKUH. BuHOGapuu, Jlarpanx ¢GyHxnuacy

L=T—H=—'('2i(922+92+z")—mgz

6yau6, x, ¥y KoopavHatasap L Qysxuuara owkop paBHINLa K=
MATauAury YuyH yJaap LUMKJUK KoOpauHaraaap 6yaanu.

dapas xuIaHINK, KapalaéTraH MeXaHMK CHCTEMaHHHT R Ta ¢y,
Gay ., §y YMYMJAAWrad KoOpIUHATANAPH Opacuia AacTaabru f
TaCH HUKAWK KOopauuaraaap 6yacuu. ¥ xoaza a=1, 2, ..., 1

yuyH Zi =0 Ba (21.57) Jlarpanx TeHIJamManapHiaH
a.

£1%)=0
4 \oq,
&xu
-0_1-1 =C0nSta’ @ = 11 2v ooy l (21.58)

0:},

xocua 6yaand. (21.58) Tenrsamanap ymymjaumrad XKoopArHATanap,
yMyMJaliraH TE3JHKJap Ba MHATerpan Aoumuiiiapu opacumard Gor-
JaHWIIHM udonanad, Jaspanac meHe-

Aamarapunune  Oupundin uUHMeLPA-

/>\ Aapu 6yaanu. By OMDUHYM HHTer paJiap-

L . ) 4 Ta HJuUKAUK UHmMezpasAdp NeAUNANH,

0 M Wynnait Kuaub, Jlarpanx GyHKUHACH-

j y Ja HeuyTa YMyMmJAauiraH KoOpAHHETA

x| OWKOp paBdll A KaTHauiMaca, Jlarpaux

o-"|/"y  Tenriavanapuiad MoC PaBHIAA WIYHYA

“ - - OUPUHYH MHTErpaaJapHi dHUKJA MyM-
&=my KUH,

¥ 65-macana, Paanycu a ra TeHr Kys-

FaAMac MJAUHAPra ypajraH unra OcCH.J-

21.10- pacwm. rau m wMaccaau M MOAAHMK HYKTajaH
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n6opar ManTHUK XapakaTHHUHT duddepeHunar TeHr1aMacu Ty3ua-
cuu (21.10-pacm), Mysosanar BasusTHAA UNHUHT OCHANG Typras
KHCMHUHHMHT y3yHauru [. Mo maccacu xucobra oJHHMAacHH.

Eunm. M MasTauKHUHT 3pKHHIAWK 1apaxacH GUPra TeHr. YMyM-
JalWrad KOOpPAHWHATA YYYH MOHUHT BepTHKa/AAaH OFMII Oypuarn 6
HH 0J1aMu3.

M MaaTHukka Kyfduarad GOFJaHMII HWjean GOFJAaHUILLAH W60-
paT. YHra TabCup 3TYBUH OFUDJMK KYHYH 3Ca NOTEHLHUAJA KY4dAHP.
ydra xypa, noTenuuasn Kyusap TabCUPUAArd CHCTEMA YUYH
(21.57) xypunuwaary JlarpaumHAHT HKKHHYE TYP TEHr/iamanapu-
Jlan ¢oiiganaHamus:

-Z —q, 1)

6ynpa L=T—1I 6yiub, 7 — MasTHUK KHHETHK SHepruacuuu, II
3Ca YHHHT NMOTEHUWAJ 3RepPrHACUHH Hpomaiaiiv, M MaaTHuUK Ku-
HEeTHK 3Hepruacu

T = %m. v (2)

dopmyna Gusan aHUKAAHARU.

M nyKTa Te3NMrMHHM aHuKJall yuyH OXY KOOpAHHATAAAD CHC-
TeMACHHU JTKa3UG, HYKTAHHHI KOODAMHATA/NaPH X, Y HH YMYMJAall=
ram koopauuata 6 opkaau udonanahimus, PacMaan xyiruparuaap-
HY TOMaMH3:

x=acosb+4(/+a-0)sind,
y=(l+4a-6)cos0 —asinb.

Y xoana M WyKTa TE3JHIMHMHT KOODAHHATA YKJADUAATH MPOEK-
nusaapu Kyiduaarwua 6yaanu:

v_,=,€=—asin6-6+(l—}-a-6)-cosB-b—]—a-ésine:
=(l+a-6).écose,
vy=3}=-—(l+a-9)sin9-é+a-écos@—-acos9-é=
=—([+a-6)-6sinb,
Ulynra kypa M wyxra Te3/urum v Kyiuzardra TeHr 6y/amus
v =% vt = ([ +a-0)* 62 (cos? 6 +sin?0)
&xu
v =(4a-6)- 0
Bynu (2) ra x¥amus:
T==Tl)-m(l—‘;—a-9)'-'.¢'1’.
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HA Ma,ﬂ;‘mmnmr "enunan suepruscunn saavus:
= —
YN _mgii+a- 8) cos 6 — @ sin 6],
Uyﬂﬂaﬁ Knauns,
i
1= —m(!l 7
[ T=l=3! ( ‘l"a_9)2.92+mg[(l+a-O)COSB—asinB].

M popuyia Yuym e

oL — m{l + ab) . ab?
o

Dakau xocuaanapHuy xucobaakiMus:

+mglacost — (I +ab)sind —acosb] =

(4 a - 8)(ab? — gsinb);

L =m{l +a- 8)".0;

dt oé) Tl 4+a-0)2a- G4 )4a 8(-).

pareAd (L) 1arpy e rnavacs Kydunarnya &3unaiu:
. 6 . .. hd
,n(!+a )[2(1\92,{_(1_%,&.6).B-a-62+gsiﬂ9]=0-

DABHIHT UK i
”‘l'”m uwaw,:“ Tomouuun m (/- a-8) ra Gyaud, yxwaw
X“—’l-’“’?‘acn X0C qcak, MasTHHK Xapawatunuar auddepeduuan
et (OCHIT "
T Yaanu:
{ - o .
(4 a-8)-64+a.-02+gsinl=0,

66;;?;;;1’ ful‘ll-pacmna TACBUPAGHTEH IMIHNTHK MAATHHK-
“H“r'Teﬁ aH”mﬂ%pepeHuuan TEHTJIAMAJMapy xaMAa MAasATHUKHUHT
K”‘”“‘” HP 18 Aki‘nu naspu anugaancud. [loasyn A suur mac-
C“C";B"Ugé{meﬂﬂ 6 xapaayBud B WapyaHUHT Maccac m,, Basu-
x:co.(“’a OJIXHM&C "HI‘ yayuaurd [ neb6 oaudcun. Mmkananuwmiap
puut non.‘w Ba B wapuyaaas w60paT uaeas rososoM GOF-
HUHT 9PKHHJHK J2pa)xacH WKKHra TeHr, Y MyM-
Ta g, yuyH A noasyHHMHr ropusoutan Ox yx
Oyinab XapakaTuHH aHUKAOBUU X
KoopauHaTaHu, ¢, yuys AB crep-
WEHHUHT BEPTUKAJAAAH OFHin Gyp-
4yary ¢ HU osaMu3. Y xoaxa, Jlar-
PAHMHHHT HKKHHYH Typ TeHraa-
Maaapy Ky#uaaruaya €susaanu:

qad AR CHCTeMy
aanH KOODIMHY

d /or oT
i oe) e =
X
a [or _‘HQQ (1)
dtkd,-o) dp ¢

Qp @, yMmyMaawrax KydJapHu
———— __ Www.ziyouz.com kutubxonasi



xucobaafiMus. Q, HM xucobJaml yYyH X yMyMmJamran KOOpAH-
HaTa Oy#uua dx MyMmKuH OyJran Kyuum Oepul, cHCTeMara KyiuuJa-
rad KyuaapHuuar 6y KyUYWIUZACH WMWJAaDH AHFUHLUCHHH XHCOOAaH-
mMu3. ByHnma ¢ xoopauHarta yarapmaiam ne6 kapaiiMus. Y xoJaa

84, =0, nemak, Q,= —?L = 0 keyu6 uuxagu. JHAM ¢ yMyMJaal-
HXx
raH KoopAunHarara &p MyMKUH OyJarad xydum GepaMus, X HM 3Ca
ysrapmaiian JHe0 xapalimus. Bynna 6A,= — m,g! sin 3ép. Buno-
LA
Gapun Q = —2 = —m,gisine.
® 7
IDHAKM CHUCTEMA KMHETHK 3HEPrUsiCHHH XHUCOOGAadMH3:
T=T,+ T,

A noasyu wirapuaaMa Xxapaxaria 6YJranu yuyH YHUHT KHHETHK
sHepruacH T, Ky#njaarnya TOHMJAIH:

1 m
T, = -—m,v% =-x%

B wapuanunr (MOAAMHA HYKTAHHHT) KWHETHK SHeprusicu I, HH
BHUKJAARMUS:

1

—_ ?
Ty= 5 mgvg,

Bynna B nykra MypaKKaG xapaxama 6ynanu:
v = 'v’ + v'

B HyKTaHMHT K§uvpMa TE3IUTH YMYMJIAWIraH Te3JHK OPKaJIH V4 =

= X, RUCOHA Te3aury sca v, =Il¢ MyHocaGataap opkaiu udoaa-
— -

JaHafu, v Ba V), BeKTOpAapn opacuiaru Gypuax 3Ca ¢ ra TeHr.

Y xo.n1a KOCHHyCJap Teopemacinra kypa:
v} = (v4)3+ (v} ) 2040, cos ¢ = X'+ I 2—[— 21x g cos .
bunobapuy,
Ty= 5.&‘ BN lch + mylx (p cos 7.
Haruxana

T = 3'—32—”—'3;22 + ”—; 1% - m,l.x © COS @
xocun 6%nann.

(1) TewrnamManapHu TY3HI YUYH KEPaxk/AH XOCHI4JapUHH XH-
cob1afimMus:

or .
— = 0 = — m,lx g sin
ox 0.9 B P

245955 ) , 369
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g/ : - T .

— = (my + my) x + myl ¢ cos ¢, or =m, % ¢ + mylxcos ¢,
dx dy

d (ot = - .-

m (-— = Myl¢ ¢ ++ mylx cos o—mylx ¢ sin p.

().? ’

Tonuaran Q,. Q, KuiiMataapu Ba xucoGaanran xocusanapuu (1)
ra xyhud KyHugaraaapHu XOCHJA KHJIAMU3:

d . .
—[(my 4+ my) x 4- myl ¢ cos 9] =0,
dt (2
[y +xcose+ gsing =0,

(2) cucrema S/JMNTHK MAATHUK XapakaTUHUHT nuddepeHnuan TeHr-
JAaMaqaapunan ubopar,

MaaTHHET KHYRK TeGpaHuILapy Kapaarania sine = ¢, COS ¢=2
~1 ne6 oaum myMmkus, By xonna (2) cucTeMa Kyfinaaruua €3u=
hEVUE

(my 4 m,) :‘-:‘f‘ myl C;.= 0, !
lo4x-gp=0. )

mgl

By TenraamanapuuHr GUPHHYUCHAAH X HU TONHO (x = — X

my .- My
X c}), WKKAHYMCUTA KYiicak, TeOpaHrMUHAHT KHUYUK TeOpanuiuiapu
nuddepennual TeHraaMacy Xocua 6yJaasu:

Lg— - 4 go—0

my + my

A T ) (3)

my +m,

Arap k' = %— LM e nrpnam Kupurcak, (3) anddepenunan
m

TeprJdaMa

o+ kg =0

KypunHwinn oaanu. Mabaymku, Gy xoJazaa Tebpanuuliap AaBpu
Kydujarqya TONMHJAAAM:

—r 'n:l/ L
& my+4my g

121- §. MexaHuk cuCTeMa XapaKaTHHHHT KaAHOHUK
Tenraamagapu (FaMuJabTOH TeHrJamanapu)

JlarpaHXHUHT UKKHHYK TYD TEHIJaMa/tapu yMyMJairad Koop-
aunaTanapra HucOatad UKKMHYM TapTuOan £ Ta auddepentnan
TenrJamaaapiai ugopar, JlexkuH aHrk yarapysuunap kuputud, Oy
370
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TEHIJAManap CUCTeMacHHH YHTa IKBuBaJeHT Oyaran 22 Ta OupHH-
ud taptuban anddepeHlHan TEHIIAMaJapra KeJATHPHLL MYMKHH.
Byuna typauua ycyasap mMaskyn. By ycyanapaan Gupu [amiae-
mox ycyau G6yanG, SHC# y3rapyBuu/ap y4yH yMyMaamradH Kcop-
AMHATAJAD §, KATOPHIA YMYMAQUIZAH UMAYALCAQP [e6 aTaayBYH
P; ¥31apyBunaap KMPUTHAAAM. YMYMJALITAH UMIYJILC p; Ky#uaa-
ri4 (popMyadra OGUHOAH TAHJAHAMM:

==L (=12 ...,%) (21.59)
at]] 0qj
By teurauxuu (21.50) — (21.53) mynocabaraapra acocad
R .
P -—-2 Ag, +8i(=1,2 ..., k. (21.60)

el

K¥ypunumaa &3um MymxuH. (21,60) Tenraamanap yMyMmJaliraH
Te3qnkaapra uucbatan anre6pauk YH3MKJAM TenrJlamanapiaad u6o-
pat 6ynu6, yunaru A, Ba Bj;ymyMmaawrad KOOpAHHaTajsapra GOF-

JuK Ko3apduuuentaapaup. (21.60) Tenrsnamasnap CHCTeMaCHHUHT

ACTCPpMHUHAHTH:
Ay Ay oL AL
D= A21 A22 L A2k
. . . k
Akl Aka . Akk

Hosaan dapxauaup. Uynku D =0 6¥.aca, g¢; =0 na KUHeTUK 3Hep-
rufd HOJATA TeHr 4UKuO xoJsanu, OyHA&ad OY/MIUM MYMKHH 3Mac.
BunoGapun, (21.60) cucremanu yMmyMaamras TeaauKJapra nucba-
TaH eyub, Oy TE3NUKJAPHH YMyMJAWraH KOOPAMHATANAD BA YMyM-
JlaIray MMIyJbscJaap OpKajau udorasam MyMKHH:

q.j='qj (QH 42’ o o0y Qk; /71, Pz; LY | pk: t)s
(i=1,2,..., k). (21.61)

(21.61) naH myHzgad xyJaoca yMKaiH: MEXaHHK CHCTEMAHUHI MX-
THEPUH maATAary X04aTH YMyMJ3WTraH KOODAHHATANAp BAa yMYM-
JAlrad UMIYJBCAADHUHT KHAMATAapy OuUJaH aHUKJIAHaLH,

¥YMyMaawrag KoopAinHaTaJsap Ba YMyMJalllad UMIYJLCAAp Ka-
HORUK y3eapyeiurap éxu lamussmon §3zapysiurapu geivaanu.

OHAM MeXaHHK CHCTEMa XapaKkaTHHEHT KaHOHUK Y3rapyBuYuJap-
ra nucbarad auddeperiyas TeHrIaMalapuad TY3UIITra KHPHIIaMK3,
Bynunr yuyu lamuremon ¢hynxyuscn pe6 aralyBun Kyiuaaru
H QyHKIMAHM KUPHTAMU3:

H=—L "
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by Q)yﬂxuuﬂﬂunr BAPHAUHACHHH 3HHKAAAMHS!

&, 5 14

\' 0L ~ O/, . \ b

3H==—\ =g = N kg Nip g+ N o
J==l i /=109y Je= Je=1

(21.59) nu s3vTuGopra oJjcaxk, 6y udONAHUHF YHT TOMOHHIArH HK-~

KWHUM BA TYPTHHYM KYMIWAYBUNIAD HUFUHIHCH HOJTra TeHr. (21.57)

ra acocan:

9!;_ = i oL - d_pl _
d“ di !\o‘ll) dt p/.
Hatuwxapna
¥
3H =— \ aq, - \ Bp}q] (21.62)
= et

kean6 wukand, (21.61) ra xypa
H=H(q1 g2« o Ga5 P1y P2 -+ o1 i3 D).

[lIynusr yuys Fammmon DYHKUHACHHUHT BADHAUHACH .
ol H
V, - 3g; + “’ p,- (21.63)
1-‘ ' J=1

Ypruaugup. (21.62) ea (21.63) TeHTAUKAAPHUHT Han TOMOHJIADPH
6up xuJ OYATAHUAAH VHT TOMOHJlapH Xam TeHr:
R L3

: 5 I)H o~ H
—‘\_’,Mqﬁr}_qﬁm—“ g+ N ——dp. (21.69)
[l j=1 0‘/ 1= 9p;
Cucremara rosioHoM GOfF/anuiuAap Kyhuaraiu yays &g, sa op, Ba-
puaunsaap Gup-Gupura GoFady smac Ba (21.64) Teuraux og; Ba
8p, BAPUAUMANADHUHT XAP Kauaail KuiAMATAApPUAA XaM YDHHJH.
Wynusr yyyn 6y Bapuaunanap o1adaard kosppuuuentaap Teur:

—p ="", =" i=1,2 .., 8  (21.65)
(21 65) Teuraamanap CUCTEMACH MEXAHUKAHUHZ KAHOHUK meHz-
aamarapi kv lamuabmon menzaamarapy nepnnany. by 1esr-
NaMaN3D YMYMJAAWTan KOOPAMHATAAap Ba YMyMJaiirad MMnyJjanc-
napri uucbatan 2k ta Oupunuu TapTHOAU RuddepeHuUan TEHrAa-
mMasapaad ubopar. Bowaawruy waptaap Gepunuiu Gunaun Gy Teur-
Aamanapiad ymMyMaauiran KoOOpAWHArajap Ba yMyMaaunirans HM-
AYAbCAAPHU BAKTHUBT MABAYM (QYHKILWAJApH CHaThaa AHHKIAW
MyMhuH. Y MyMaauiran KOOpAKHATAIAD Ba YMYMJAIUTaH HMOYJAbC-
Aap awuKaaHrasnad cyur (21 60) ¢opMmyaanapran Qoii fa1anub
YMYMAALIFAH Te3NHKAADHH XaM TOMHIL MYMKHH.
FaMuabTOH GyHKUAACH MABAYM ¢u3uK MabHOTA 3ra, XaKuKa-
TaH NOTEHLHAJ JHePTUs YyMyMAawmran Tessnkaapra Gorany Oyama-
raud yuyd Oy Qpyuxuvany gyfiniainda TaCBHPAAL MYMKWH:
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L - kwb 7F—m:
He—L+ 3% qm—(T—m+ ¥y =

j=109q; J=1  0gq;
o7
=.U—T+‘\‘-7q,. (21.66)
[=10g;

MabayMKy, MeXaHuK cucTeMara craunonap COFAaHumAap xy-
#uATaHAa, KUHETHK JHEPTHHA g; YMYMJalirad Teannknaapra Hucda-
TaH UKKuHu# TapTubau OHp wuucau dyuxuusian ubopar. Idiiaep-

) .4

ar
HUHT 6D KHHCIR QYHKUUAAAD XaKUAAT W TeOpeMackr a acocaﬂz —X
7= 0g;

K q;=2T 6yqud, (21.66) nan H =7 + 1l xocun 6yaanu. Hemak,
2040HOM  CMAUUOHAP O0FAAHUWMAQD MABCUPUOLLL MEXAHUK
cucmenma Yuyu lanussmon QOYRKRUACH CUCMEMAKKHZ MY AUk
MEXAHUK 3IHEPUSCURL Upodarailo.

67-macana. Hpio10H xosysy 6§fuya y3apo TOPTHUIMII Ky4H
TabCupnaa xOY TeKUCAHTHJZA XapakaTianysuu My, m, Maccaau
M, Ba M, wonnuit RyKTanaphan wbopaT cucrema yuyH (21.12-
pacm) IamMnabToH QYHKHUACH BA XAPAKATHHHI' KAHOHUK TEHrJaMa-
Japu tysuacuH. Domsanruy naftna CHCTeMaHUHI MAaccanap map-
¥a3d TUHY X0AATAa TypalH,

Eumn, Domaanrpu naiitaa cucrema Mmaccajap Mapkasd THHY
xosaraa 6yand, HykTaaap ¢axar wiky Kyuaap — HeioToH TOopTH-
WK KYYH TabCupulad XapaxkaT/JaHTaHu YuyH, Maccajgap MapKasu
XapaKaTHHUHT CAK/JAHWIN KOHYHMIa Kypa cuCTeMa Maccanap wmap-
kazu C pouMoO Kysranamall Konaau. Maccanap Mapkasuun Koop
auuara 6owun ae6 oaud, yngan M, Ba M, uygranapraua Oyaran
macodanapuu ry, ry, MM, macodauu 3ca r GuaaH GearwaaiMus,
paBWAHKY, F=7r ;.

M,, M; nygranap XoAaTUHU aHUKAAW YUYH KYTO KOOpAU#Ha-
TaJap cdCreMacuaan dofigananamus. ¥ xoa1a M, HYKTA XOJAATH
(ry, ) Ounan, M, x0aaTH (ry;, ¢ - ®) BOCKTACULA ANWUKJAHAAH.

Maccanap Mapkasu KoopamHata 6oumuaa GyArasd BA MBCCAA3D
MapKasnHY aHuxJaL opMyaacusu pTubopra 0JACAK, M, = rym,
ypunaunaup. Bunobapuu, ry Ba r; KaTTAAUKJAAD I' OPKANH

m, m,
fo= — 1 =
my + my nty 4+ [

(popmysasap Ousas  COPJAHTraH.
Wlyrpait xuau6, xap Kaicu HyK-
TaHWUHT KyTO0 paamycH Ba KyTh
Oypuarn MOC paBulIZa y3apo 60F-
JAUK OyJaragpjaH, cucreMa XOJaTH
HKKHMTE YMyMAaUWrad KOOPAHURATA:
qi=1r, gy = ¢ OPKAIM aHHMKJAHA-
au.

FaMunpToH QYyHKUHACHHA TY3HLL 11.12-pacu.
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yuys xepak Oyaran Jlarpanx ¢yHkuuach L =T — I Hu aHuK=
JNARMHU3.

ByHna cucrema knneTuk 3ueprusicu M, Ba M, wyyranap Ku
HETUK SHEPTUSNBPUHUHT HuruHAKCMLAH nGopar:

1 ,
T-.=-‘7 (r1,02 -+ m,vl),

Hyxranap Tesankaapuru Kyt6 ycyanna awukaab, yaapaan
yMyM/alurad KoopRuHaTajtapra yramus:

. . 9 . .
M=p 4.2 my r2dorr. g?),
i=riri-e (m,+m2)( +rt.¢?)

. . ’ 2 . .
R =r24 rig? =(—2 | (r? 4 r2¢?).
2y =Tt ( e+ g (r® 4 r*g?)
Y xonma gyiinparura spumamus:
T mm, . : .
T =-- 1y r2 r2 2 .
S (r* + r’e?) (1

Hruloron xoHyHun 6§#finMua TOPTHIIMIN KYYHHHHT MUKAOpH F =
mm, .
=T 6yanb, 6y kyu yuyn U norteHunan ¢pynkuns

U=q- 2T (2)

r

¢dopmynanan anvgaananu. Byuna 7 — §3apo TopTHuMII AOMMuii-
cyiaH nH6opar.

(1) Ba (2) nu xamna U= —1II Gyauwwnnn obTHCOPra 0JMG,
Jlarpaux QyHKUUACUHK €3aMu3:

BT Py ’
LAl Ak AN T Ry (3)

L=T—HI=mm, 3
2(my + my) r

(3) nan xypamwusku, Jlanrpaux QyHKUMACH BAKTra OLIKOpP PaBHui-
na 6orsuK dMac sxaH. bunoOapun, ["amMuabTOH GyHKUHSICH XaM
BaxTra GOFAMK OyaMalt, TyAUK MEXaHuK 3Hepru iy udomanainu:

H=T-+1L

(21.59) dopmynanan dofinasanusd, ymMmyMmJIalWrad UMIyAbCAAPHH
aHUKIaBMuU3:
OL  mm oo 0L mm

= rop.= — o r2,
pr or m; -+ m, Py dq; my 4+ my ¥

by TenraukJapAan KypaMmH3KH, yMyMJawmraHd Te3JUKJaD YMYM-
AdlUraH HMNyJabCcAap OpKaau Kyhumaruda udolanaHaiu:

N my + my * m 4+ my p;

f=——"3p, o= —— —

mm.. mm, ¥
¥ xoama [amMunbToH GyHKUASCUHM YMyMaamirad KOOPAUHATANAP
Ba yMYMJalIFaH WMNYJABCJAAD OpKaau KyHuAarnua €3l MyMKHH:
374 ) .
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/ 2
H=T+"=l—"ﬂ+—'"l(p3+p—")—m,m,l. 4)
. r? r

2 mym,

dHAU cacTeMa XapaKaTHHUHI KAHOHUK TeHIvViaMaJapHHHU é3amu3:

: 0H my + my
r=—=2""2p,
opr myny
* - oH _omymy Py
4 yp = _2v
[ nymy r (5)
o 0H  mumgy my+my Po
pp=—— =T =,
r r mymey r
I') o oH -0
14 0? .

(5) cuctemMa ymMymJjamrad KoopAnHaTasap Ba yMyMJaliras Hm-
nyascaapra nHucbatan OupuH4Yu Taptubau auddepennuan Teuraa-
MaJiap cucTemacujaH wuoopar,

122-§. KaHOHMK TeHraaMmaJapHuHr OMpUHYM HHTerpaiiapu

KaHOHHK y3rapyBun/JTapHUHT KAHOHWK TEHTJaMa/JapHH KaHoar-
JAHTUPYBYH Xap Kawiafl ¢, Gz, ... Gp P1y Doy - - Pr KuiMar-
Jdapuia ysrapmait konaauran f(q; p;, f) QyHKuusra KaHOHUK
MEeHZAAMAAAPHURE OUPURLL URMepaAAQpy Aeiuaand. DupHHUH
UHTErpan

S Gay oo oy Qs Pis Pas « o+, Pri 1) = const

KYpHHHIITa 3ra.
dapas KuaadauK, KAHOHHK TEHT/1aMaJapHHHT OOLIJAHFAY 72 T4
OupuHuyH HHTEerpasaapu Gepuaran 6yJcuH,

Foldp piy )=¢ (=1, 2, ..., m) (21.67)

6y epna C,. — y3rapmac xarTtajauk. ¥ MyMaH, GUpUHYH HHTErpannap
Onp-Oupura GOFauK €xku OOFIMK OYaMaran TeHrsamandp Ouaad
udosananaan. Kanonuk tenrsamanapuder (21.67) Ttenrsamanap
OusaH udonananyBun OUPHHUM WHTErpadtapuuu Oup-oupura OOE-
auk Oyamaran TeHraamanap aeb xapaimus.

Arap m = 2k 6yau6, (21.67) cuctemara xkupysuu 6apua TeHr-
naMagnap 6up-Gupura Gorank 6yamaca, 6y (21.67) cucrema OWpuH-
YJ MHTerpaNJapHUHI TYJUK CHCTeMACHHH TaWKHJ Kujajd. m =2k
GUpUHYM MHTerpaJJapiaH uOopar TyJUK CHCTEMa yMyMJaliran
KOOpAKHHATa/1ap BAa yMyMJaluraH HMOYJbCJAapra Huc6aTaH €4uJus,

qj= q’i(C1, CQ’ LI Cgk't)o
pi=‘1"i(c17 Coy vony Cop, £). (j=1,2, ..., k)

Kypunuwia udosasaHUmE MyMKdH, AbHU 0apuya yMyMJaUraH Ko-
OpAuWHATa/JaD B4 yMyMJalllad UMIYJbCIap BaKTHHHI Ba 2£ §y3-
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rapMac COHJApHUHr MabiAyM (QyHKUHAAapu cudatuia vdosanana-
au. By yasrapmac counap uxrtuépuii O6yaub, ynaap onparparuiex
GowsanFuy wapTaapiad asugaadany, Llynnai xuaun6 22 ta O6up-
6upura 6orauy Oysamarad OGUPUHAH wpTerpasnap OoUlAaHFUY ILADT-
NapHUHT Gepuauiiv OM/IAH MEXAaHUK CUCTEMA XapakaTHHU TYJAHK
aHuKJaafu.

KaHnonuk TenrnamanapHudr GUpPUHYH MHTErpaniapuHH GeBocHUTa
aHUKAam MyMmKua 6%iraH 6ab3u XyCyCHil XOanapHM KypnO 4uKa-
Mu3:

l. MabJyMKH, MexaHuk CcucTemara CrauuoHap OOFJI2HUINAAP
Ky#uaran Oyaca, [amuabton QyHknusacH /7 CUCTEMAHUHT TYJIHK
MexaHuuK 3Hepruacunu udonanafian. Ilotenuuan kyuaap MaiLoHu-
Aa XapakartaanyBYd CHCTeMa y4yH TYJUK MeXaHuKk 3Heprus ¥a-
rapmac OyJranuiad

H(q,, 93, -+ ., Qas P1s P2y ++ . Pp) = const

Keau6 yuganu. [yupad xuau6 6u3 OHPHHUM HHTErpajHU AHUK-
Napuk. 1 TynuK MexaHdk SHeprus OYarany yuyH 6y HHTerpanra
IHepeus unmezpain KEeAUNARU.

2. dapas KuaalJuK, CUCTeMaHUHT 6apiya yMyMJaIras KoopAu-
HaTaapu UuKJIdK Gfacun. ¥ xoaga 6y KoopauHatanap Jlarpanx
dyHKLUACUrA OIIKOP KYPUHUIIAA KUpMaranuiek, [aMuabTon GyHK-
HUACHAA XaM OLIKOD paBuIuja KaTHauiMaiiu. [aMu/ibTOH QyHK-
nMsACH

H= H(p1, P2y « e oo Ps )

KkypuHuwaa 6ynanu., Kawowuk TeHrJaMaJjapian k2 Ta
pi=Cy py==Cy .. 5 Pp==C,

6UpUHYU WHTEerpasaap xocun 6yaamu. By wuHTerpannap yukAuk
unmezparsap Jetunann. aMuasTod QyHKOEACHLATH yMyMJaul-
rai uMmnyascaap suau C;(j =1, 2, ..., £) ysrapmacaap Guaan
8/IMAIITHPUAMIIY MYMKHH:

H=H(C,, Cy ... Cy, ?).

Cucremara crauuonap Goraanuiuaap Ky#iuaran 6yaca, Tammabton
dyunknuacy BakTra OOFauy OyJMaii¥ Ba KAaHOHHK TeHIJ/amanap-
HUHT MKKUHYH Tpynnacd yuyH

dg; oH R

) =S U1

at PiIPi=Cj
myHocabaraap xocua Gyaagu. By epna S; — Gupop ysrapmac cou-
Jap. By udonanapian sca

q=351t+Cpy U=1,2, 000 k)

TeHraaManap xocus 6ynanu. llywnai guaubd cranuonap 6oraa-
HUILAAD TABCHPULArH TOJOHOM CHCTEMa y4yH 6apda yMmyMJjaui-
ral KOOPAMHATAJNAp LKKANK OYJAraH X0/4a KAaHOHUK TeHr/aamanap
QCOHTMHA MHTErpa aaHub, YMyMJAWrad KOODAHHATANAD BAKTHHHF
qu3uKIM PyHKIEAIapY cudaThaa vdoranaHalM,

876 . .
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3. Huau 1 TA yMyMadliran KOOPnuyarasapaad iy, . i auRxank
(1< k) Gy raH XO0AHH KapauMus: §.. 4, . g, “wc.tk K00p §0p"
JMHATANED, Gr1s Grozs - - o 9r HH 3CQ nuganK GyiMa, K0P DW~D AV
paranap AeHAHK. By xosna [amuanToy DYHKUMAH 4y gy 8 ya-dys
maraH KOOPAWHATANap BA yJap TerHuay ~ 6yJras Hlmyjlbcﬂapra:caprﬂ
GorauK Oy 181H. Kanounnx TEHrIaMaslapra acocan WMy 1 o0p aHmis i
paTasapra TerHlW/Ad UMnyJAbCIap y3rapuac 6¥araiM Yy [avnas-.1ap’
701 yHKLUACHAA Oy UMOYALCAAD Y DHHra TErHulH ( (=1 2.2
..., 1) ysrapmacaap xy#unain. BuHoGapum, FaMHﬂBTu:; yHK LA~ 1
o

H’= H(qH‘h Gr42r o+ o q};: p1+“ pl+2i oot Pﬁ:

Cl) Cgl .o uy Cl; t) (91.68)’@58)

xyprHnmaa 6yaann. Llukank Gyamaray KOODLMHAMg po yiap~ap-
ra MOC HMNY.JbCJA3Ap YyYYH KAHOHHK TeHmaMMapﬂu és’iMus'

day _ O, 4y

oH
i o, @ T ey IR L 2 Ly 0l69)69)

By Tenrsnamanap LUMKIUK KOODARHATANapra a yusphy MOC BM- M-
nyabcaapra GOFauK Gyamarad 2 (k — J) MYCTaKun T&p;ayanap- p-
nan nbopaT CHCTEMaHH TAWKHA Kuaaly,

dapas xuaaiauk, (21.69) cucrema HHTerpaNAaHHR, gy i 6ap- 0-
7a UMKJAAK OyaMaran KOODAMHATanap Rg yaapra meo L PEETET
BAKTHHHT MaBAYM PyHKUUAAADH cudaryna H(boﬂa‘;]aHQLlH (2]69) )
TeHI1aManapHUHT COHN 2 (R — [) 6¢Marany yayH by q)y.x 180 1p
ywly TeHrnaMaisapHH MUHTErpaliaml Haruyacuna nm%ﬂéumﬂn_ "
rai 2(k — [} unterpan pouMuiinapura pa (21.69) TNy anapla- -
ru TaMuABTOH QYHKUMACHTA aBBanjaH Kupypuu [ 1 yarapiacs -

1 b

Jnapra 6oFsauK Gyaanu:

9=, (C Cyp v T Sppa o, Syess ¥
I,I:pl‘c" CQ' ..oy C‘; s{+,. e ey -92(._1,' ‘)-

(=1+11+2 ., p). (2170)

Wynzait kumG Gy epia Gu3 UHKAUK Gysmaran KoOPAqarpiap-
HH Ba y/iapra MOC UMNYJBCAADHH aHHKAAWIHWHT yMMH) YR
Kypcatiuk,

Iluknnk xoopauHaTasnapra moc UMOYapCaap 5ca #KO), na kv P~
CaTuAraHMAeK y3rapMacaapra aiHan Temr GysaiH. Uiy KO-
OPAMHATANADHY AHHKJAL HLAH KYHANAarpyg 53;{(3})”,1511,1"“‘“_,,“(
KOOpAuHaTanap y4yH KAHOHHK TeHIJaMajap &3uaamsBa gy renr~
Aamanapaarn FamuabTon QYHKUHAMADHAA 1uKJHK Kogpﬂh:'ﬂ,‘_aﬂap-
Ta MOC HMIYALCAAD JPHMTA MOC YsrapMacaap KyAumlh,

dq‘ 01‘1\
at (EZI\'PL,"C.’ =L .0 (2171)

f1 parv WHKIWK oyamaras XOOpAWHATalap ga yaapl yoc M~
nyascaap (21.70) ra acocan aaMawtapuaanm, ¥ xosd Tamibs

5T
N

i ——— = —————
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TOH (yuxuusacu 2(k—17) 4 [ ra uxTuépuit ysrapmac coujapra Ba
t Bagtra OOFauK OVaadau. BuuoGapuw, (21.71) TenrsaManapaax
a/0xHAa-ajJ0XHAaa O6up-obupura GOFAMK GyamaraH xosAa ysrapys=-
YUJAPDHH AJMaWTUPHII BA YJAapHH

oH .
d‘l."‘( )(, ey @t @=1.2, 000 )
KYPUHHMILAA 83Ul MyMKnH. MnTerpaananr HaTvxKacuaa

sj (Ip ..I dt—l_le (7 = l. -y e uy l) (21.72)

uponanap xocun 6¥ianu. Mnterpannampa najno Gyaran D, ¥3-
rapmacaapHu xucobra oJranAa HXTHEpPHA y3rapMac/aapHUHL yMYy-
MU COHHM 2&, AbHU KAHOHUK TeHI/aMaJsap GOHHra TtedHr OYJIand,
Wynnain xuaud [ ta UMKJAMK KOOPAMHATAIap Magxyl OyJrasna
2k KaHOHHK TeHrJamanapaaH 2(k — [) tacHuuruda aJjoxuia 01ub
MHTErpasnamra TYFpu kenann. Ywoby 2(k—/[) Ta tewrsaamanap
MHTerpaaJauraHuiau CyHr / mukauk koopnugaranap (21.72) xean-
paTypasiapaas OCOHIHHA AHUKJAHMILKW MYMKHH.

Cuctemara Kyfuaran GorjaHuwinap crauuonap Oyaras xXo/4a,

MabaYMKH, (20 = B, (B,— 6upop ysrapmac cosaap) 6y-

\ dpa )(pa -(“tz)
aub, (21.72) nman
(]G.:B.- ((Z--—] 2 e ey )

TEHr/1aManap X0Cui 6§ma;m. KypaMnaxn, Oy %0434 UMKJIMK KO=
OpAMHArTanap BAKTHHHI YH3HUKJAH (PyHXUMAAapH OyJaan.

68- Macaaa. m Macca/d MOAIMA HYKTaHUHT HHepuust Oyiiuua
XapaxkaTd tenrjaManapud ['aMuabTOH (YyHKUHACHZAH oliaalaHnb
2HUKJAHCHH.

Edmii. 3pxun MOAAMHA HYKTAaHUHT 3PKMHJHK Aapaxacu 3 ra
Teur. Moaauit HykraHuHr JekapT KoopauHaTasapuHu yMyMJaui-
rdd KoOopjuHarasap Ae6 oaaMus: ¢y =X, ¢, =Y, qy==2.

By nyxra xunernx snepruscu

T=’f‘7(5c2+§ﬂ+z'2).
Hyxra unepiuus 6yfuua xapakarpa G6yaranu yayw II=0. DBuno-
6apun, L = ==%(x2+y2+z’). Jlarpanx QyHKUMACH TapKuOu-
2 HYKTa KOOPAMHATaNapu X, ¥, 2 OIIKOp KaTHALIMaraHu YuyH,
6y KOOpAMHATa/Jap UMKJAHK KOOpAMHATanap Oyanb, ymymJjamra

HUMIlyJAbCJaap yarapMac 6yaainu:
oL :

p"-d—x,m,"=G'
oL Y n

py:::(—)—y—=my=t)' (1)
oL

Pi= —=MZ =7

3738

www.ziyouz.com kutubxonasi



(1) cucTeMa KaHOHMK TEHrJaMalapHUHC GuPHHUM HHTErpasiapu -
UHKAMK uaTerpaanapanp. Hlyura kypa FavuabToH QyHKMMsCH

Hel= a3 47)
2m

KYPHHHWHH ONanH.
Y xoaaa

e m YT w T W o om
By auddepeniian TeHriaManapHi HHTerpannad, HyKTaHUHT

x=214C,y=214C, 2=114¢,
m m m

KYPUHUIINAATH XapakaT TeHrJaMadapuHH XOCHJ Kujaamus, Kyps~
MH3KH, HYKTa KOOpPAUHATANADU BAKTHMHI HU3UKAH (YyHKUHANapH
cudarura uponanavanu.

123-§. KaHonuK TeHraaMaaapHHHTr OHpPHAUK
HuTerpamitapuid Ilyaccon KaBcaapu épaaMuia aHHKAALL

DyHKIUs KAaHOHWK TEHT/IaMa/JapRUHT OMpUHYM MHTerpatu Gy~
JUWK YYYyH Kauaafd WapTHH KAHOATNAHTHPHIIH KEPakJuru macs-
AACUHU, WYHUHTEK, MabAyM OHWPHHYH UHTerpaanapuaH Auru 64-
pHHYU HHTerpajHu TONHW MacanacHuu Kypamus. Papas Kuaaiauv,
6upop f(q;, p;, t)=const QyHKuUMS KAHOHWK TeHrJamanapunl
6upuHIN uuxrerpasu Oyacuu. ¥V xo0a4a [ GYHKIUAHUHT BAKTra HUC™
faTaH TYJHUK XOCHJAACH HOAra TeHr Oy/ajnM, SbHH

k
af 0 N9 Y
1t ot +—:(‘0q,ql+ ap}ﬂ/) 0.

(21.65) KanoHuk Tenrgamaaapaau ¢oizarauud, 6y udoranu

k
o L\ Of.i’i_ﬂ.‘zﬁ).=o (21.73)

o¢ ﬁ(aq, dp; Op; Og; '
Kypunniuga €3amus. /lyaccon Kascaapy TYWYHYACHHU KHDPHTA®
Mu3. KaHoHuK y3rapyBuuaapuHuauT HWKKHTA ¢ Ba ¢ ¢yHkuusaaap4
yuyn [lyaccon xascu aeb Kyidumarw Kypuuuwgaru ndonara anri-
BEVVE

9% O
Y| 997 9p; ~ Op 8) Oy O
¢, 9) =\ =\ 22 XY (2174)
(6, %) -] 0y 8 dg; dp;  dp; gl (
dg; dp;

0
Kypamuskuy, (21,73) reHraukHuur yam TOMOHHAATH 5’5 naH Tapl-

379,)
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Kapu fiuruuan f Gynxnus Ba Tamuabton dyHkuusacy M yuyn
Ilyaccon kascunan uGopar. BunoGapuu, (21.73) uu

Tt (f, H)=0 (21.75)

Kypunuwzaa &uwm MyMKuH. (21.75) udona f=const dyuxuus ka-
HOHUK TEHIJIAMaJaDHHHT OHDHHYH HHTErpasu GYAHIUMHHMHT 33pyp
Ba erapan maptuaup. (21.75) WapTHAHT 3apYPUHAHTH YHH KeJTH-
pu6 yukapuuiaad kYpuuHul TYpuGau. (21 75) HU XOCHA KUAHWAa-
ru MyJloXasajapra TeCKapu MyJ/0oxasanap IOpUTHG, 6y IUAPTHHUHT
€TapJy 3IKAHJHIMHH XaM KYpcaTHUI!l MYMKHH.

[Iyaccon xascaapununz xoccarapuri UC6OTCU3 KEATHPUO yTa-
MHU3:

1. Tlyaccon KaBcu £, @i, Qa4 « o vy Grt Pis D2y ++ s Pr §3TapyB-
upsapra GoranK OyaraH mxkxuta ¢ Ba ¢ QYHKUMAJIADAAH TY3HAraH
O6yacun. Y xoana ¢ Ba ¢ GYHKUMAJADHHHT YPUHAAPH A4JIMAIITH-
prica, [lyaccos gascunuur uinopacu ysrapasm, sbHu

(%, 9) =—(}, 9)-
2. Arap a Gupop ysrapMac cou Gy.ca, KyHUASTH YPUHIUAUP!
(@- 9, $)=a(e, $).
3 Arap dymkuusaapran Gupu afinan yarapmac 6yaca (maca-
aan, $ = C}, Ilyaccon xaBcu Hosra TeHr OyJanu:
(9, C)=0.

4. Tlyaccon KaBculaH ¢ GyfiMua XyCYCHi XoCHJAa OJHUI HKKH
OYHKUMAHHHT KYMAATMAaCHAAH XOoCHJa OAHII Kabu Gaxapwilanu:

S0 =(Z 4+ (s F).

Yy xocca uxTHEPHH KAHOHMK y3rapyBuyuJapra HHCOATaH Xam
Y PHHJIH.

5. Yura f, 9, ¢ dyHxuuanap yuyx kyfuAard afiHUAT §PHHIH-
IHUD:

(f, (o, )+ (2, (9, M) (9, (f, ¢))=0.
By a#tnuarra [lyaccon afinusmu peiunand.

IOKopuaaru xoccanapaan doinananu6 xyhunary, [7yaccon me-
opesmacurit ucOOT KHAKII MYMKUH.

Teopema. Azap ¢ =C, 6a ¢ = C, KAHOHUK MEHZAAMAAAPHILHE
Oupunui unmeepasaapu 6yaca, (o, ) xaxn 6y meHzianasap-
Hune Oupundn unmezpassapu 6jradu.

Uc6oT. Teopemanuur maprara acocad

Rt (o H)= 0 S (4 H) =0 (21.76)
Oynanu. H, ¢, ¢ dyuxupuanap yuys [lyaccon afinuatunm é€saaMus:

(9. ), )+ (Y, F), @)+ ((H, ¢), $)=0.
380
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(21.76) nau (9, H), (¢, /) nu Tonu6, 6y a#HuATra KysiMu3:
% 9% 4) =
(o, ) B +(—Z o)+ (5 4)=0.
1 Ba 4 xoccasnapra xypa 6y udomanapuau

2 (e 9+ (o 9), H1=0

Keau6 uukanu. Bynna (21.75) uu svrubopra oacax, (¢, $)=C,
[lyaccon KaBcum KaHOHHMK TEHI/IaMaJapHHHT OHDHHUM HMHTErpaju
Oyauiy xkeanb guKaLH.

ITyaccor teopemacu EpAaMUAE MaBKyd OUpHHYH HHTErpas-
Japaad ¢oiaananub, AHry OUPHHUIM HHTErpPaJIapHd XOCHA KHAMMI
MYMKHH.

Xapakrtepau Gup Mucoan keartupamus, Papas guaailauk, xapa-
NaéTran cucremara Kyhuarag GoraaHumiap crauuosap 6yacud. ¥
X0/1a, MabAYMKH, f1 =C, KaHOHUK TEHI/aMaJapHUHT OUDPHHUH
unrerpasu Gyaanu. ¢ (g;, p;, t) = C, QyHKuHs Xam GUPUHUM HH-
Terpas OyJ/cuH. [lyacCoH Teopemacura acocaH

(‘Pv H) = Ca

Pyuxuua xam Gupuudy HHrerpaa 6yqaaau, ¥ xoama (21.75) ra
Kypa:

Hemax, ¢ dyHkuus ¢ BaKTHUHI OmMKOP yHKIUsACH XaMa ¢ = C,
Oepu/ran CUCTeMaHHHI GUPHHYM HHTerpaau 6y.ca,

% _

ot

X¥aM Oupunuu uHTerpan Aesf ogamus. Ulynunraex, ¢ QyHKUHAHUHT
BaKTra HucOaTad XyCyCHMH XOCHJA41apH XaM BAKTHUHT OIIKOP
(yuxnuaaapu 6yaranna
Py Oy
ot A

y ¢ 0o o

GYHKUHANAD KAHOHUK TEHr/aMajapHUHT OHPHHYM HHTerpaanapu
6yaand. ,

[Tyaccon TeopemacH épaaMuiaa Maexyn OHPHHYM HHTErpasjap-
Aan Qofinanauud fury OHPHHYM MHTErpalJIapHH XOCHJI KHJAULIHY
YEKCH3 AaBOM ITTUPHW MYMKHH, JlekuH Xocusn Gyaran GUPUHUH
uHTerpasiapaan Qakar 22 tacuruna 6up-6upura Gorauy Oy/amaii-
I, KoJarausaapu 6y Gupauun wnrerpannrapra 60rauy OGyaamu. By
epaa LIyHH a/70XuAad TabKULJIAUI KeDAKKH, arap MKKHTa OupHHYM
wHTerpantapaad tysuiaran Ilyaccon xascu afiHan Hoara tedr 6y.a-
ca, 6y KaBCc GHDHHUM MHTErpajHu TaWKUJA KHAMAHILH.

69- macana. HMuepuua 6yfinua xapakariaHysuu MOAAHA HYKTa
yd4yH XapakaT MHKAODH HHTerpaasapu (68-macasa euumura xa-
padr):
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Py=mx=a, py=m).’=@v pz=m‘é=7
XaMIa XapaKaT MHKAODH MOMEHTAPH HHTErpaaaapH
lx=ypz_zpy= 6: ly =2Py— XP, =";)’ ll =Xy =Y =9

MaBKyA (a, B, 1, 0, ¢, ¢ — yarapmac karraauxaap) 6yaca, (I,
ly)=1l,=xp,—yp,=¢ 6amapuauiul HCOOTIAHCHH,
Eunw. (f,, /,) Tlyaccon xasciapuuu Tysamus:
(o 1) =2 Oy 0x 0y y OleOly  0L:00; 4
O0x 6pgl ‘fpx ox 0y 0p, Opy Oy
Gle0ly _ Oledl, 1
+dz (E op, 02" (1)

Bepusnrannapnan doinananub, (1) yuys Kepakau XOCHJaAapHU

XHCOOAafiMu3:
";_i=p‘;0i’g=o,:—;z=—z.%=y; L (2
e g b |

(2) mu (1) ra xysmus:
(ln ly)’:_py' (_x)_y'px=xpy'—ypx

€KH
(lxy ly) = lz =z

Wlyuu uc6oriam xepak M.

XXIl 606. TEBPAHUIUIAP HA3APUACH

Moanu#t wykrta xapakatuduur guddepenunasn TeHr/1aMajapuHi
Ty3uw Ba Oy TeHrnamanapHH HHTErpasallra Mucoa CcudaTtHia
HYKTAHUHT TYFPH YH3HKJHM TeGpaHMa XapakaTHHH Kapa® 4YHKKAaH
9AMK. DHAM MEXaHUK CHCTEMaHMHI KH4YWK TeOpanuuiiapuuu ypra-
HUILTA yTaMmus,

Te6panuwnap coanp 6ynaguraH XKapaéHJIapHUHT MOXUATH Typ-
avua Oyaumiura xapamMacian, yJapHUHT XapakTepiu XycycusTaa-
pu Oup xus €ku Oup-6upHra sSKHH KOHYHHgT/Iapra OYyHCyHaaH.
Macanan, MasTHUKHUHT, NPY)XHHATA OCHJITAH IOKHHHI, BATOH KYy-
80BUHMHI TeGpanulIapy, 3/eKTP KOHTYpPRaru rebpanuimiaap, ke-
MaHd CyBAad vadkaauwu Oup xua aubdepeHunan TeHraaManap
6uaan vpomasaHuMY MyMKuH. TeGpaHMIIJADHUHT YMYMHH KOHYy-
HUATAAPUHN TeOpandiiiap HasapuACH YPranaiu.

TeGpanumnap yaap colup Gy/anurad CHCTeMasapHUHT acoOCHH
Gu3uK XycycuaTJapura Kapab kJaaccHéukaunsaaHanu. Bapua Teb-
panuwAap yaap ceaup Oy aéTraH cHCTeMaJNapHUHFP Kapaad Tysu-
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cu Gupng
JMIIKra KapaG 3PKUHAMK Aapay 5}”1”“341""'@” Ba \‘"{
cucTeMaiapaard TebpanuiaaprdfypPris Na a SN

Te6panumaapHu 3pKUH, Mawy 3KPATYyy, ™ METpuk Tefi’ \
aBTOTeOpaHuiLIap Kabu Typﬂap{[;ﬂﬂﬂm“ap Ly mKad.

1. Opkuu (éku xycycuit) Teé/ﬂﬁﬂaﬂ Cyyp ALK Tawifgn |
MAacHAa MYBO3aHATHAH YMKApUJ
ciucTeMajary Te6panuumiapaup. (ACTEMA W ;

2. MaxGypuit TeGpannwiap A Kydiay Te5PaH“'-Wp,;P )
AHKCH3 PaBHWAA TAabCHP KHAYB'HT X8Payq QAbCupuaa m"‘l,al‘ .
nanu. By xoaza Te6panumaapl; TBUWKH Ta{’” cHCTEMHY 4 T
CYCHAT/IapMra Kaparaiaa kynpo CHP KYy4 Ou? \'%‘
JaHaLH. cHCTeM 5, ‘,M\

3. IlapameTpux Te6paHuumaﬂ4K IOKAR Ar 6upop wf an
HH (MacajiaH, npy:KuHaiu Mmaard b Te0Ng, ~MaccacuHy, Ph
THK MaATHHK WITMHWHC ySyHyurifaritity Clu KOHTYPW\ I
CATOPUHWHT CHFAMUHH &KH Fa/a3H BY o, HIYKTHBI
QaBuuIla naspuil ysraprapuu (ara Tallg ta kegalk sy

4. AsroreOpanuuiap cucteys COANR ggitaan naspil fic
Tab:Mp STWJMATAH TaKAupAa XdfHUAd Cy o taquran chon 1
pannwaapaup. TeGpanum xapas Y3HAA gilananuran of
KOM/afiInrad Mauba CHCTeMaut,acanana élazm. 44

TeGpanuutapra goup Kym Vg4 yPrany,,, "TyBop Mysd kg
pouaaru kuuuK TeOpanuuliaplepPAatayy,, QKeATHPHUL @ °
TeOpaHnLIIap Wy Guaan xapakp3THHA Yeq v Gynpa Curéoph
JIAHFMY MYBO3aHAT xoaatuian ¢yfBF YMyy, dwagn. Ary (LENY
FUY MYBO3QHAT X0JaT cucTeMaH B CHCTqy, liran KOOPIF X\
yuyH CasoK Gowu KuauG onuudgiran kDDDHH' MyBO3ai3' i\\‘,_
JaH 03ruHa YeTIaHuwH ymywmaa #atd. By ifl’!_HaTaﬂaPH“HkM W
KuiMatiapy Ouian xapakrepaa Wad yM Mqa““ Xo4 achart,
KHUUK TeOpaHuliapuuu yprandu00pra’g, “mrad koophoah
HUHT I0KOPH JAapakafapuHd 3% Ma1apithy, 1“‘iC-ﬂuK Ba rt"',e‘w
AapuuHr addepedunan TeHraa FUHa Gﬁpaq‘ﬁm{ﬂﬂ Augpe Ny
TEHI/1aMaapra KeJTHPUM UMKO .

Y3 XOJIMIE K \”;

/)p BA Koy
124-§. Cuctemanunr yctyp(pHXIe€ Teq,
JIarpaHH(-ﬂchYBop v

1O
CHCTeManuHr MyBo3aHatH y pgHK C”CTeM:OYCTYBOP "Y’r-'ﬁ\a
napra axpatuaasu. Arap mexaf/H0, Ylapr, HyKTalapii ga o
HAT XO0JAaTulaH O3ruHa cum«m/lHF Ou!na,,;‘HqHK Te3nk ra)
PUATAHAAH CYHP CHCTEMA Y3uHV/HAMOA po Md X0AaTH N
1acd, CHCTEMa Yemysop iysos(Bad 1€Tagy Auamm. Axcr
TeMa MyBO3aHaT XOJaTAaH osrel//Ma ”chmygra“ﬂa 6y 18
T0GOpa OpTHG GopaBepca, CHCT 9p mysosmd’ ",
cobaanany. Aa1 PaByy, )
YeryBop MyBO3aHATHU QJopl\/',/s/BO?)aHam o Kyddparsg \"’1
aam Mymkud. Cucremanutr my'ncuu. dgp, 17 U=1121 o’
KOOpAMHATANAD OuaaH 6em"xma9KOOPAHHaTi‘,KHﬂaﬁﬂHK,MﬁQ'
JIAHFUY BAKTAA CHCTEMAaHHHT W ‘pura  gj, % J

5 i,
yBOp MyBus |,
€Macu
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Gepub, y MyBo3aHar[laH YHKAPHAGdH Ba q“ 3Ca CcuCTeMa HYKTa-
JAPUHHUHT GOWJIAHFUY Te3aukaapy Gyacuu. Aeap e>0 wmycbam
COH YuYH YH2a OOFaux 0yazar wyHoail uxkkama mycbam = 6aQ
Y COHRAPHU KYpcamuu, mMymxun 6yicaku,

b=1, 12 14, — ¢ I<u(e) Ba g, l<ml (G=1,2 ..., 4

V4YH t 6AKMHUHE uXmMUEpud mMoMmeHmuda
[0, — g0 <e (i=1,2, ... k)

Ypunauw 6Jaca, cucmemanunz myso03aHAmy YCMYe0p MY803AHAM.
deituradu.

Papwaunky, cucremaHuur nactaabku MYBO3aHAT X0JaTH HOYCe
TYBOP GyAca, YHUHr 6y xoaar arpodunarg tefpaHHuIapH KHYHK
1e6pannwaapaay ubopar 6yamainan. BunobGapuH, CHCTeMaHHHI
KHYHK TeOpaHUIIAAPHHNA YPraHUilgd CUCTEeMAHHHI AACTAA0KH MY-
BO32HATHHU YCTYBOD MyBo3aHar lieb xabyJ Kuiramus.

losmonom, uneas 6GOFJAHMULTH KOHCEDBATHB MEXaHHK CHCTe-
MaHH KapaifiMu3, Byuaall cHuCcTeMaHuHT MYBO3aHAT XOJATH YUYYH
6apya yMymJawrais xoopaudHatasiap HoJra tedr 6yaub, II moten-
LUan IHEpPrUsd 3KCTPEMANNUKHUHT 3apypuil 1wapTuHu KanoarT/aaH-
THPAAU:

=

=0. (=1,2 ..., &)

o9

s
"

~

CucremMa MYBO3aHaTH YCTYBOP OYAMIIMHMHT eTapad wapTh
Ky#nnaruy teopema OuaH udojpananan.

Teopema. Azap zoa0HOM, udean GOFAQARHUWAU KOHCEPBAMUS
CUCMEMARUHZ MYBO3ARAM X0A2MOQ2W NOMERYUAA SHEPLUSICE
MUHUMYMRA 320 O0YACa, YHUH2 Oy MYB03AHAML YCMY8OD MYB0-
saHam Oy.aadu.

By teopemanu macrassaa Jlarpawx keaTtupran. JlekHH YHUHT
y3ua-xecua ucGotunu [dupuxae Gawaprau. Ulyauur yuyH xam
6y Teopema Jlazpanoc-lupuxae meopemacy Ieb W0OPNTHAANH.
Teopemauu uc6om yuaamus. CUCTeMaHUHr MYyBO3aHAT XOJaTAATH,
TeopeMana HasapAa TYTWJIraH MHHHMYM TNoTenunas suepruacu I,
6Yicun. |g;|<e (f=1, 2, ..., k) opKanu yMyMaamras KOOpaH-
HATaJapHUHT MYBO3AQHAT X0./aT aTpoduaaru KUAMAaTJI2pPUHHUAT HyH-
Jall coxacuHu OeAruNal/IMKKH, YMYMJAAWrad KOOPAMHATANADHUHT
Oy coxa Muujaru Ba YHHUHF uerapacuaaru xuwiimataapu ygys 1>
> 1, ypunau 6Gyacud, ¢; KOOpAHHATAJA2D KWAMATIApUHUHHT YOy
COXACURYU PYHKYUA MUHUMYMIRUHZ COXACH pefujann ¢ Koop-
AvHaraaapiaaH Oupopracy QyHKUIMA MUHHMYMH COXaCHHRWHI uera-
pacuna 6yarauuna, avud ¢; = + ¢ na Il notesnuan SHEPrUAHUHC
KuiiMaTnapudu Kypafiauk. TloTewnuaa sHeprusauupdr 6y Kuimaria-
p¥ MuMma 3Hr Kuuuru angatra, I, naw karra 6yaagu. Yuau II,
+ a opkaau Gesrmaaidank, Oynma « >0. dysaaét guanb, xew
6yamarauja GUTTa YMYMJAUIraH KOOPAWHATA (YHKUHWA MHHHMYMH
coXacuHunr yerapacnaa €rca,
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M>>I, +a ‘22‘1)

6¢9aanu. Cucremann OOWJIAHFHY MYBO3aHAT XOJaTAAH 4YuKap ,43‘
Byuudr yuyH ymymaamrad KoopauHatanspra QyHkUus mu\"“‘ -
MU COXaCHHHHI Kuiimaraapunad OepHO, cHcTeMa nyTanV’“‘f"
CH/KHTAMA3 BA Y/1apra KHYMK OOWIJAHFAY TE3JHK/Iap 6epﬁp“,ﬁ-
Kapanaéiray MeXaHuk CHUCTeMa KOHCEDBATHB CHCTEMA Oi'a"‘" "
VUYH yHra HUCOATaAH TYJAHK MeXaHUK IHePTUAHHHT caxﬂaﬂmk'”’,"]'
HYHH YPUHIH, S'BHH K

T+ 1I=T,+II, (§2¢)
Ty

Bynna 7,, 1I,—mMoc pasumga cucreManunr =0 6oumam ' 0
¥

na#iTiarn KMHeTHK BA NOTEHUHAA JHeprusaapuaup. HdouMmo »
6yaranu yayd (22.2) mag gyfinaary mysocadaTHd €3ui uy.»,K?;’/'
< 7y+ 10, (o 4)

-t

1

CucteMann MyBO3aHAT X0.aT/aH YUKapuWaa ¢, yMmymaay
KOOPIUHATANAP BA ¢, YMyMJAAWIaH Te3AHKAdp KUAMATIapuHH — = ./
NApaxcafa KHUUK KUJAUG OHI MYMKHHKH, wy

H0<H|+—z—; To<§' (32.4?

Oyacun. II — notenunan sueprusi ¢; yMyMmJawrau KOOpMHATa,
HUHT, 7 — KWHETHK JHEPTHs 3C4 §; YMYMJAWraH KOOPAHHATY ap/
: na

Ba qj yMyM/aliraH TEe3JAUKNAPHUHT Y3AYKCH3 QYHKIUACH GyJIp
yuyH (22.4) gu xamMma BaKT aMaara OWHpPUU MYMKUH. (22.3)“”}
(22.4) nad uxTuépuil nalT yuyH b3

<l +a (2%5)

Keau6 uukamu. (22.5) gaH KypaMHu3KH, MeXaHUK CHCTEMa HYk

JMApUra KUYMK Te3/AHkJap 6epul, CHCTeMaHW MYBO3aHATAAH ,9°
KaprauuMu3gaH KedWHCH Xapakar AaBoMuAa CHUCTeMa ymyMﬂams”'
KOODJAHHATAADHHUHT KUHAMaTIapH QyHKURAHWUI MHHHUMYyM cQ,3H
CH MYHAZ KOJAAMTH, ABHY CHCTEMA Xapakar A4BOMUAA MyB03a)d~
X0AATAAH Y30KAAWWIITd WHTUABETraH ATK. XaKUKaTaH, arap(."'"
TeMa KeHYHIW XapaxkaTd JaBOMHAa MYBO3aHAT X0JaTAaH ysom,c'
WIMIITa UHTHIACA, YMYMJAUITAH KOODAMHATANAPHUHT Kniimatig?d”
(PYHKILHA MHHHMYM COXacu verapacura Tywmu6, (22.1) ypunau r\,‘:“
aH6 KoJaap 3aM. (22.5) ra acocan OyHAaf OYyAMUIM MYMKHH amhj"
Jemak, cucTeMaHuHr pgacraabkd XOJaTh yCTyBOP MyBO3aHar.’:
6ynanu, la

125- §. MexaHHK CHCTeMa KHHETHK 3HEPruscH Ounay
NOTEHIIMAA SHEPTHUsICHHUHI TaKpuOuii udonanapu

MexanuK CHCTeMAaHKIr yMyMJAdWTaH KOOpPAWHATAAAPH YUyH
HOK GOUWMHM CHCTEMAHUHT YCTYBOP MYBO3aHAT XOJaTHAd OnaMy,”
CucTeManuHr MyBO3aHaT XOJaTd aTpopuaaru KM4MK Xapakatiy’
puHU ypraHamus. By xapakarnap ymymaauirad KoopunHaranah:
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HUHT KMuYHK KuiiMaTaapy Oundad wmdonasanaau. ByHu apTHOOpPra
04110, CUCTEMAHUHI MYBO3aHAT X0Jard atpoduaard KHYWK Xapa-
KAaTaapy y4yH KMHeTHK B3 MOTEHIMAN 3HEPruaaapHuHr udonaia-
PHHH aHuWKJalMus.

Mabaymky, arap cucreMara CTaluuoHap GOFaaHuuniap Kyiuiaras
fyJaca, CHCTeMAHUHT KuHeTHK zuepruscu (119-§)

1 #‘ h‘ .
Ts?,\_. ‘\‘A,Fq,qp
J=1 p==1
Kypunniia udonananar sau. Byuna A, = A, 6yamb, 6y Kosp-

thunnenTaap yMyMmJaaumran KOODILHHaTaJIapHHHP (pyHKuuﬂJrapmmp
Yaap ¢ BayTtra GOFJMK 3mac. A KO3((HIUeHTAADHY KOOPpAHHE-

Ta/3ap 601K aTpoduaa xaropra emvms

A

A =(A )4{—"‘3’_‘19) +1Vk'(_‘”m_ qq'+
® MO 9: 0 nd )Oqi

ad \d‘h 0(]"0(]5
Ee=1 nE=l
5 (1 ) 04, OAju A ®
VHO2 {# » ( ) . - . TETHWAY HQOpaNapHUHD
i \ aqE o' d/lqE ‘)o

KOOpAnHaTajgap Gomuniaru KuiMmaraapu Oyarawuaad yaap ysrap=
Mac KaTTaJUKJAPAHD.

IOxopuna TabkHAJIATAHAMH3AEK, CHCTEMAHMHT YMyMJaWwraH
KOODAHHATAJNADHHIHT KMYHK KHAMATAapy 6ujay  xapakrepaanyBun
KUYHK MUKAOpJapHu TeKwupamus. [lyuuur yuyn kuneTnk 3snep-
FUSTHUHT, KellHYandK 9Ca MOTeHIMaa dHeprugnuur undopasapura-
M yMymJawmrad KOOPAMHATAJNAD Ba YMyMJawrad Te3 uKJjapra
HACOATaH YuudHU¥ B YHAAH IOKOPY [Aapaxaiy KHUAK X34 71apHd
gbTHHNOpra oamafimus, ¥ X013 CHCTeMA KHHETHK 3IHEPrUsCHHUHT
TaKkpuOuli uponacy Kyfinmdaru xypnaumaa 6yaanu:

%\ N 4 Wkt (22.6)

J

il

IpKuUHIMK papaxacd GuUpra TEeHr CHCTEMAHHHT XOMaTH ¢4 = ¢
yMyMJaLIrag Koopaunata 6uaan anukaasca, (22.6) udoaa

. i '
7"5(/1“)0‘ q-q

T =L ay? (22.7)

Kypuunmna ésunagu. (22.7) maru a = (4,;), ¥arapmac con uuep-
yus kospuyuenmu Aeb aranasm Ba y macca €Ky HHEpuug Mo-
MEHTH YJAYOB OUpJAHTHra ara.

Ouau noTennwuas sHeprusuu Takpubas xucobjawra yramus.
Tlotennuan sweprus udosacHyn Koopannataaap Oowu arpoduaa
KatTopra €samMuas:
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14
& | av/ il .q.9

o= V(O —\(.'f')q"-
H°+;\_‘<045)o a0 T

E=1

Byuga II ot _ oy — TerumaH Md)oﬂ.aﬂapm

y o ‘04: ( 9.9 Jo ' KOOpIH-

Haranap Gowuaaru Knnfua‘maP"’ Aemax, yAaap ysl;)anp.

[loTexunan sneprust yarapmac, o arugurufd TH”HH ac CcomnJaap.

T, =0 ne6 oanw mymiun, [HIHITAEK. cucTeMATTANIrgH1  yuyu
° : (21.28 a) (opMYy, MYBO3aHaT

; 01T .S,
oJ1 Pi—) = .
XOMaTH yayH [, A 0 (116 ann K xannap,Y) Oynand.
Yunwuu Ba yunan oKopu nap’ anaT Xgy  xuco6
0/MaH MeXaHuK CHCTeMaHHHT y::g;i?su 1My3BHO:pruﬂHml,\»;;T: agp{ﬁ
¢unaru xapakataapu yuyu 7 ‘ .
" - aKpudni
udoaacuHu €3Ul MYMKHH: 7aKpHO

& Ja'n
1 —_ 'qqi'
o—- Y e ) "
9 1\ q’lqE

n, &
coom aTamus, GyHaa fqe = G
(,W>o_ €, Gearnnant Kup . \ ¥ xonza
o=21 Y 9.9
P (22.9)
KeJn6 uuKagu. TuB CHCp
OpKHUHJIMK papaxacu Oupra fEHr KOHCEDBA "Ma noTeH-

a1 sHepruscH yuyn (22.9) n¢®A?

) cqt
=g (22.10)

‘0?11 66-71”/”]3
- seu=(2) '
xypuHuwna €sunagu. Bynaa ¢ L dg Jo SuKupay, KHPHTHA-

IIUeHTH EKH

;22”65711146, ¢ OUKUDIUK Koacp\p”' ' pe6 ara-

c

ra teur mexAHUK Ch
126-§. BpKanqu;él)?caﬁacKumﬁ;lf 1e6panumaapH teMAHUHT

10TEHILE,

gHr Ba ¢axart

SPKHH'JIHK napaxacu oupra T paKaTHHU YI\JyM.nam\ Kyuaap
TABCUPHAArH MeXaHuK cUcTeMa x.‘_-em F3MHNAC YyCTYBUyy xoop-
HHaTa any a . o -
war xonata (9 =0) tan ¢ Chgank utivarra 4ETTE G
. * 6 o6opuacun. DY Xu,KaHauD,

o 1/1 i
g, GOIMaHFUY Te3JuK OunaH ;2}/1; " moTeHuuan 3Heprqﬂ'§a CUCTe-
Ma KHMHETHK 3Hepruacuuu (22, T g aca

MKHH; *
(22.10) Tenrauk Ounan upomaad™ MYMKH 2 e
Kl/] * )
I upentu, ¢ —OHKHp,
—_ th”. OyHAa @ — UHepuus KO?Cpq) ’ Y KO3Q-
88+
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¢uurentusan néopar. BysapHu abTHOOpra oAran Xoaaa cUCTEMa
XapaKaTMHU aHMKJall yuyH JIarpaHmHUMHT MKKMHYKH Typ TeHr.a-
MAacHHU Ty3aMu3;

d ;0T or
(VY o0, 22.11
de (aq , aq Q ( )
(22.7) nmam xocunanap xucobaaiimus:
oT or . d/aT\ _ =
Z=0, o= E(Oé>—aq. (22.12)

[Torenuuaa kyunap yuyd yMyMJaaliral xyuaap (21.2.3) ra xy-
pa Q=—(7 tdopmyaanan anugaasanu. Llysra kypa, (22.10) uu
[

9bTHOOPra oaub, Kyfujarn Xocua KHauHaiu: Q = —cq.
Haruxana (22.11) auddepenunan tenraama

aj——cq
Kypunuliny onann. Byujaa

k=

(22.13)

RN

Gesruaam KupuTcak, TeHrJama Kyinaaruua €3uJainu:

g+ #q=0. (22.14)
(22.14) momamit mykTanuwr Te6panma XxapakatH anddepenunan
tenraamacu (14.3) vuur yaupup. Ulyuunr yuyn (22.14) auwr
t=0, g=q5 9=

6OWIAHFHY APTAAPHU KAHOATJNAHTHPYBUH €YUMHMHM AHHKJAUIAA
(14.3) uuur euumu (14.8) €xu (14.11) nan doiinananud, yuu gydn-
Aaruya €3ulll MYMKHH:

g = q,cos kt-{—%“sink! (22.15)
€xu
g = Asin (Rt 4- o). (22.16)
bynna A Ba a (14.10) ra xypa xyfuaarsua Tonuaanu:
2 70 o k
A=]'/ go + 2%, a=arctg *—. (22.17)
2 90

IHybnait xuau6 noTenunan xyunap TabCHpPUAATH CHCTEMAHWHT yC-
TYBOp MyBO3aHatu arpojumarn xapaxatu (22.14) zuddepenunan
Tedursama Owjan H{oaanananu Ba OYHJal XapakaT CUCTEMaHHUHT
KAYMK Xycycui (apkuH) rebpanma xapaxatu Aefinnanu. Xycycuil
Te6panma Xapaxat rpaduru 22.1- pacMaa KypcaTH/raH.
MabayMru, A—rtebpannimr amnantygacu, o — 6ownanruy (asa
neinnanu. Xycycnii TeGpannmsap Aaspu (14.12) xabu
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g
AN 7 SN
-___45-_r__x]___ gt \;&
92.1-paca. 22.2.pacw.

n -
T=7z-=21rl/f_ (22.18)

GbopMyaanaH aHUKIAHALM.

Xycycu# TeOpanma xapakar/iapHu g Ba g GbasaBuit Ysrapys-
YUap TEKUCAUrH — (asanap TEKHCJAMrHAa XaM TaCBHUPJALl MyM-

KUH, Monanii HYKTaHUHr TeOpaHHulIapd Y4yH x Ba U = x (asa-
Bufi Yarapysumxap OYsaau. ¥ xoana

x=Asin{&t +a), v= Akcos(kt-} )

MyHocabataapiad ¢ BaxTHH AYKOTHMIN 6usan (asanap TeKUCIUCH=

Jaru
x2 ot

L L

3AMMNCAAD TYNJAAMHHKE XOCHA Kuaamu3s (22.2- pacm). A napamerpra
GorFmuK Oyaran Oy 3rpu 4YWsuKAap ¢fas3zsuil mpaeKkmopusiap
Aefinnaan. HyKTauMHr MyBO3aHAT XOQ/aTUA: a3anap TeKUCIUru-
auar x=0, v =0 HyKracu, FHHY KOOPAMHATA GOUIU MOC KeJsajd.
Monauit nykra TebGpanraHga BakKrT VTUINK OuJaH YHHHT X KOOp-
JWHaTacd Ba T Te3AdrH y3arapub, xap Oup mafir yuyd ¢asanap
TEeKHCJAHTHAA KOOpPAUHATaNapH x, U GyJaIraH TaCBUPJOBYH HYKTA
Moc Kesand. burra Tysna Tebpanuul naBpuAa XapakaTHU TacBUP-
JIOBYY HYKTa 3JHNC 4M3ald.

127-§. IpkuHIUK ngapaxacH OGupra TeHr CHCTeMa XYCYCul
TeOpPAHMIINAPUTA Te3NUKKA NpONOPHHOHAT V3rapyBuu
KaplIHIUK KYUYUHUHT l‘a’bCHpH

OPKUHAMK Japamacu Gupra TeHr, MOTEHIHal KyuJaap TabCupH-
Iary cuctema HYKTaJsapura YJapHUNT Te3/JIUKJIApUra OpPONOpLLHO-
Ha/j PaBHiiAA §3rapyBuh KapLIMJHK KYuJapu xaM TabCUP KWACHH.
By#naft kydnap cuCTeMa HYKTAaJapHHUHT Te3anKjaapura xapama-
Kapuwy Hyuanranuuu 3sTudopra onub, yaapuu

W@M@J——ﬁgi—




R=—tr, (22.19)
kypunnmaa udonanraiimus. #,—yarapmac koahbuuunenrtaap (8;>0),

r;—cucrema myli=1, 2,...,n) MacCasu HYKTACHHMWHT pagHyC-
BeKTOPH. JIarpaHKHUHT WKKMHYH TVDP TEHrJaMAaCHHU MasKyp CHCs
Temara TaaOMK 3THILAA YMYMJAIIraH Ky4JapHH HWKKH rpynnara
4K paTamHs:
1) moTeHuwas Kywjapra Teruuwad yMyMmJamrad Kyu, ynu Qn
opKaau GenrunafiMus;
2) (22.19) dopmyna O6unaH aHuKAanyBUM KAPLWIHAHK KyuJapura
TerHwaM yMyMJaailiraiw Kyd, YHu (, Ounan Geardsnalmus.
¥ xoapa JlarpaHXHUHT HKKHHYH TYp TeHrjamacu KyHAuaaruua
é3unann:
i(‘l) ~ T e Qu+ Qe (22.28)
di dq oq
Byunaru 7— cucremanuur KnneTuk 3uepfusick, y (22.7) TeHr/uk-
JlaH aHHUKAAHAIH.
Q ymywmaaumiras Kyd gyfiunary MysocaGatiaH TOTMJIALM:

Q== =~ (30" =—ca. (22.21)

Q, yMyM/AaWran Ky4nu auugaaiimus. (21.19) ra acocau

n
A or,
0p= V5. 5
o M17dq

1=

6yaanu. (22.19) uu svtuGopra oamnb, 6y udoaauu
Y Lt
QRa= _‘ p Or,

.
-—

gn_ 0 6yarauu yuyn Q,
dq ai.I

yMyMJaamrad kyd Kyfinaaraua wdopanananu:

Kypurumaa €3amus, (21.43) ra xypa

. /. - n .
QR=_val —;la_—f;)—‘_—b.‘ ,ﬁ.
— \ 4 g amm 2
Ky#iuparu OearunalllHd KHPHTAMU3:
S
O f_v_ 2, (22.22)

i=1
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® — Paari ynryusce Exu Ouccunamus Pyuixyus AeHMapy,
Ulynnai 1\;\111146,
Q.= -2, (22.23)
oq

00 cpyuxunﬂﬂu Y{ yMyMaaura KoopnuHaTa Ba qymyMJlﬂlUFaH T€3e
JUK OpKaau udopanalimus, r, ——q GyJaraHu yuyH
C - ! *\a
® = Z"L’_l:_v.’\‘., L =—‘2-B(q)-£f. (22.24)

2 2 ' NG

=1 [E]

o= Yol

Gesrunam KWPHTHILH. ‘ZQ ndona q yMyumaamran Tte3/MkKa Gor-
q
MK 6yaMarawu yuyH, B(g) dyskuus ¢ auHr QyHKuUMACH Gyaug,

g ra Goraug amac, B{g) dyHKuMsiHn KoopauxaTtasap OOWH (g=0)
atpoduna Katopra ésaMus:

3(4)-B(O)+(

Byuna

q+(‘zfl§) A @

01)q..o dqt/y=0 2

CucTeMaHnHr TEeKWHPWJAAETIaH XapakaTuaa ¢ HUHT KHYHK ki
Maraap kabyJ Kuaullnen Hasapia Tytu6, @ v ukxyHUM ldapaxas
JI¥ 4eKCH3 KHMUMK MHUKIOpraia aHugjaam yuyH (22, 25) Karopaa
OMpHHYY XaJHUTMHA KOJRHPHI KHpos:

=B(O_)o
Haruxana

® = Blg)-¢ =3 BOYG = u.q" (22 26)

rol._-

Keaub uYuKanm; 6yHna B(0) = Oearusam KupuTHJATraH 6y aug, YH,\
Ta YMYyMAQUIZAK Kapuuiux KOsduyuenmy Netnaald. (22.26)
nu (22.7) 6unan rtakkocnab, © sa 7 KypuHuuin KuXaTHIay 6uj
XMJ 3KAHJAUTBHU, CHCTEMAa KHHEeTHK 2HePrHACHHH aHUKJOBYW ¢op.
Myaanaru uHepuus koddpduuventd a ypuura ymymaallilag wap,
DIMAHK  KOI(ULHENTH | HH OAHW Gunrad Paneil QyHKUuacuuy
XOCHJ KHJIHII MYMKHHAMIUHH Kypamus.

(22.26) ncdonaun (22.23) ra Kyiiu6, .

Qe=—1p-q (22.27
HH XOCHJ KuJamns,
39)
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duan (22.7), (22.21) sa (22.27) udonanapun (22.20) ra Kyd-
Mu3:

ag = — cq — vqg.
By tenraamana
fmp, L
a

a

Searunamaap KApuTHG, yHH
g+ 26q - g =0 (22.28)

¥JPUHUILra KeJNTHPaMu3, (22.28) Tenraama noTeHuuas Kyusap Ba
T€3MKKA NPONMOPLUONAN Y¥3rapyBuyH KApUIMJAHK KY4JapH TabCulpH-
Iaru CHUCT@MAHMHI XyCycu#l xapaxkatuun udonanosun avdgeper-
pMasa teuraamanup. (22.28) tenrsama MOAAME HYKTA CYHYBUYM Xa-
pakatiHuHr Luddepennnaa tenraamacu (14.13) ra yxwaw. ly-
HUHT yuyH (22.28) auddepennnan TeHrnaMa eqyuMUHH aHUK/IAILAA
(14 13) TeHrJaManuHr equmaapuias Qoirasguulr MyMmMKude, Dyuaa
XaM b <k —KUUMK KapIIHJHMKJAD XOJH, b>Fk-—KaTTa KAPWHIHKIAD
X0au Ba b=k — uverapapufi X0J an0Xuia aJOXUAA KYPHO HUKH-
JAa[M.

Kuyuk Kapwuauxsaap xoauna (22.28) nuddepenuuan teursa-
MAHUHT

t='01 q=q0! q.=q0

6OLIAaHFHY LIAPT/IapHH KanoaTAaHTupyBuu eunumu (14.16) --(14.19)
ra xypa

g = gocos V= 4 Lot Mgy i | (22.29)
\ 1 4 /
éKku

g=e" l/ &+ “1°+”qo> sin (V B3t - arcig W F0 j(22 30)
Qo + qob

Tenraamasaap Guaau udorananub, cucrema XapakatH CYHyBud TeG-
panMma xapakartias uéopar 6yaanu. Xapaxar rpapura 14.4- pacmzaa
TacBAp/aHraniex Oyaand.

Karra Kapuniugnap &xu yerapaBuil X0/ja cuCTeMa XapaxaTu
CYHYBUH xapaxaragH uGopar 6y.anb, (22.28) nuddepeHnran TeHr-
namanunrt eunmu (14.22) éxu (14.23) tenrnamanap kabu wudona-
JaHany.

128-§. JDpKuniIuK Aapaxacd OuWpra TeHI CHCTeMAHHHT
MaxOGypuit TeGpanuiinapH

DPKUHAUK fapaxacy Gupra TeHT MexaHuK chcTemara Q. ymywm-
AaWrad Ky4 GuiaH Gupraiukga , = Hsin(p? 4 B) ymywmaaurran
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YyAFOTYBYM Ky4 Kyduaran Oyscud. By xosma JlarpaHmHHHC HK-
KHHYH Typ TeHIJiaMacH Kyfiuaardua €su/amu:

E(ﬂ)“ﬂ'qn'f'oﬂ.

dt ,dq'

By renraamana T = %aqz, Qp+ Q, = —cq + Hsin(pt-+B) 6%a-

raid 3sTHOOpra onMHCA, yHIAH
ag = —cq 4 Hsin (pt + B)

¢ s H
TeHI/aMa XOCHJ KHJAWHAAW. — =4*, = = h OGe/irujamiiap KHDPH-
a a

THO, OXUPTY TeHI/aMaHK
q + k*q = hsin(pt + B) (22.31)

KypuHuuraa é3amus, (22.31) nuddepenuman TeHr1amMa KYPHHHIUH
wuxatunan (14.24) TenraamaHuur ysrunacuaup. buno6apun, (22.31)
TEHT/1aMa 3DKHUHJHK Aapaxacu GHpra TeHr MEeXaHUK CHCTEMaHUHT
maxOypuit TebpaHMa XapakaTHHU uPoAaI0BUH AHPPepenunan
teurnamManup. llyura kypa (22.31) TeHrsama eyUMJApHHU AHHK-
Aamwaa (14.24) su eunwt AYauman Qoizasanum MyMmaH. HymJaa-
naH, &+ p xoa yuyu (14.30) ra acocan Kyiunaruua eyuM &€3uau-
IH MYMKHH;

q =g, cos k¢ +‘1/;—’ sin k¢ — hpg(sin@- cos k¢ -+ iicos g sinkt)—l—

+ ;zf,,« sin (pt + B). (22.32)

(22.32) na ¢, Ba ¢, Moc paBuma, GOLIAHFUY TMAHTHATH YMYM-
JAlITaH KOOpLMHATA BAa yMyMJawrad Te3AukHu udonanafiiu.

k=p Oyarag xoapa (22.31) Huur eunmu (14.35) ra x¥pa Ky-
fingaruuya 6yaanu:

g = q,cos kt - — /q(, )sm kt — — t cos (k¢ +B). (23.33)

MamwaymxH, (22.33) terraamMagard OXHPrH XaRk CHCT@MaHHHT MAx-
Oypuil TeOpaHuiuaapuHy xapakrepaaiay. CopMyJaHUAr KYpCaTHUiK
Oyiinua MaxOypuit Tebpamuinap AMIIHTYAACH BAKTHUHI YCHUIH
6uian yekcus yca Oopumu xepak., JlekuH, peas cucremasnapna no-
HMO KApLWIHAMK KyYJapd MaBxyAIUrd tydaiiu mMaxOypuit redpa-
HUIJIEP aMIJIMTYA4aCH MabJyM KuiiMatadd owMaiau.

129-§. MeXaHHK CHUCTeMAHHHr MaxOypuél TeOpaHMAApUra
Te3/HKKa NpPONOPUNOHAN Y3rapyBUd KaplIHIHK
KYYJAAPUHKWHT Ta'bCUPH

L]
PprunIMK Japaxaeu OUpra TeHr Mexanuk cucremara Q=

== —0g, Q,a-——g—;=—puq xampa Q= Hsin(pt - B) ymymaau-
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Fa8H KYuY/Jp TabCHp 3TraH XOJHH KYypaiauk. By xoana Jlarpanx-
HHHT HUKKWHYH TYp TEHIJaMacH

d | oT oT
Lk;j—;;=on+oy+oﬂ

. 1 -
kypunnuwaa €s3uaub, 6ynna T = —ag’ skaunuru ybTHOOPra OAHMH-
ca, Kkyiugaru auddepeninan TeHraama xocua 6yianu:

ag - pq'+ cqg = Hsin(pt + ).

c H
L 2b, — =k*® = = h Gearujamnap KWpHuTCaK, OXUPIH TEHT-
a a a
Jama

g + 2bq + k2q = hsin (pt + B) (22.34)

KYpHHUIWHK 021a0H. (22.34) TeHr/iaMa MEXaHHK CUCTEMaHUHT MO-
TeHINa/1 Kyu/Jap, TesJHKKa NpPOnopluuoHaN paBullla y3rapysuu
KApWIMJIMK KYyuJapd Ba yMYMJalITaH Ky4H TapMOHUK (PyHKLUA
cudatnaa udolasaHyBUM YHFOTYBYM KydJap TabCHpHAAru xapa-
KaTHHUHT Anddepenuunan rtenraamacuaup. By tesraama monan#
HYKTaHUHI KapIIUJWK KYpCaTyBud MYXuTiaa MawOypuii Tebpanma
xapakatuHuHr auddepenunan reuraamacu (14.36) Guaan Onp Xua
xapaxTepra ara. Bbunobapun, (14.36) TenraaMmaHuHr e4UMMH Kaujiah
ronuira 6ysca, (22.34) vuHr eyuMu XaM XYJAALH HIYHOAAH TOMNH-
aanu. Yyuonuw, (22.34) muur eunmu (14.42) — (14.44) ra kypa
R>b Xoa yuyH
q= e_"'a-l sin (V R2—=b% +a,) +
h
v (R—pt dbipt
b >k xon yuyn
g=C, .elmbrvi-rit —5—Cge_(b+vbn'k2’t -+

h . . 2bp
-+ sin( pt -3 — arct . 22.36
V (ki—p?)*+ ab%p* et ; k”—pz) ( )

b=~F% xon yuyu

sin(pt—{—(i-— arctg ;53_.[)};,';' (22.35)

g=e"(C/H4Cyt) +

h . 26p
sin{pt 4- 8 — arct - \ (22.37)
}/(k"—pl)?-l— 4b%p? (p p g k2 — p¥ ]

TeHrJamanap Ougan udonananann. Dy TeHrnamanapaaru aq, da,

C,, C, yarapmac couaap O6ownaHFuY WAPTJAPAAH AHHUKJAHAIH.

(22.35) — (22.37) Teuraamanapuu xam 69-§ na xypuarawu xabu

TAaXJUJ KUJAUL MYMKWH, By TeHrJaMmanapHuHr Xap OMpU yuyH yMy-

MUH Oyarad OXMPru KYUIMAYBYM CHCTeMAHMHT MaxOGypu#t teGpa-

HUWAapued udogansally, MabJayM BagT JTraHMIaH KeifiuH CHCTe-
www.ziyouz.com kutubxonasi
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MaHUHT XapakatH YyHFOTYBYH KyU
TAKPOPJULH GuaaH coAup OyJyBUH
my MaxOypuii TeOpaHHIIAAPHHHT
y3unan ubopar Oyaub KOJHIIK aB-
BaJ TabkuuJaauray 3au. Maxo6y-
puii TeOpPaHULIJADHHHI XYCYyCHSAT-
Japd, YHUHT  AMIVIHTYAACHHHHT
MaKcuMa/a KHAMATJIapHHU aHUKJAALI
66-§ na Oepu/aranu yuyH, yaap-
HY KadTagad  TakpopaaMaimus.

70- macaJna. Yayuauru 2/,
OFUpaHrH P 6yJaran Oup MHHCIU
AB crepxens A yuuiaru ropu-
30HTan yK atpoduna aiinasa o.aa-
A (22.3- pacm). By crepxens 29.3-pac.
XyIau wysaafl 2/ y3yHJAMKIArd
6up xuucan CD crepxenra Tu-
paJrad; CD crepxedb y3uHUHr ypracuaard E [apHHD ropH30H-
Taa ygu arpoduna aisana osaiu. A Ba £ HygTanap OGup BepTH-
Kanna éraan. AE =/ crepxennunr D yuura Q= 2P OrupJHK-
faru wx ocuarad. Mumxanasnmwau xucobra oJaMal, MyBO3aHAT
Xosatuaa AB CTep:KeHHWHr BepTHKaJ GUAaH XOCHA KHJAAIUFaH ¢
Oypuary, [MYHHHTIEK, MyBO3dHATHUHI YCTYBOp €KW HOYCTYBOP
OVJIMILH aHUKJAHCHH.

Eunm. ¢ OypuakHd yMyMmaamrad KoopansHara aef 0/aMu3.
Pacmna kypcarusarauu kabu Axy JlekapT KOOpAuHATa CHCTeMacH-

—

HH yTKasaMmu3. £ xyu Ky#uaran L nykra opaumarackuu y,, Q
kyu Kyhiwaras D HykTa OpAMHATACHHH Y, Ounad Gearuaacax,
CHCTeMa MNOTEHUHA] SHEePrHusCH

= =Py —Q-y,

dopmysa Guaan anuxJanagu. CL Gup muHCAM CTepxenbp YpTacH
KYy3Fanmac 6yarand yuyn Oy CTepxeHb OFUDJHMK Kydura MoC Ke-
JyBUM NOTEHLHAA 3Heprus HoJara Tenr. ALC yulypuak TeHr &éh-
JH 3KaHuHW 3BTHOOPra 04ub, ¥, Ba Y, HM yMyMJaUirad KOOpAW-

HaTta opkaau vdojaanainMus:
y,=ALcosp =1cos2¢, y,=AE+ EDcos (180° — 2¢) =
=1[ — [cos2¢.

[Hyura xypa cucreMa MOTEHLHAJ SHEPrUSCH

D= —Plcose — QI+ Qlcos2¢ = — (Pcos o-+-Q — Qcos 2¢)l (1)
KypuHuumaa é3njainu.
MabayMKH, CHCTeMaHMHI MYBO3aHAT X0/aTHAa g-g =0 6yau-
¢

wH kepak. (1) Aan ¢ Gyfinua xycycuit xocusa xuco6.naﬁmu3:.
Z_H = (Psin ¢ — 2Q sin 2¢)/. @)
?
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Q=2P axauaurunu xucobra 0.u6, OXHMPru uoAdHH HOJACA TEHT-
JAMTHPAMUI;

Pl(sin ¢ — 8sin ¢ - cos o) =0.

Byunau
sing(l — 8cos ¢) =0, (3)

¢ ¥ 0 6Yarann yuyn (3) na sing £ 0. Buno6apun,

1 —8cos¢ =0 &knu coscp=—l8—.

. 1 .
Iyupat Kuub, cp==q>o=arccos§ la cuctema MyBo3aHaTia 6y-

AanH.
CucteMa MyBO3aHATHHHHT YCTYBOPJMIMHH TeKIHpHIL yuyH (2)
AaH siHa OMp Mapra ¢ OyHMua Xocusaa xucobuaanmMus:

P pi(cos ¢ — 8cos 2 4
oe 0s ¢ cos 2¢). (4)

(4) unnr cp=<p0tcoscpo=—;—) da wmyc6ar €xu MaHduil GyAWLIUMHH
AHUKNAHMU3, cos‘2g9==2 coslch — 1 6¥aranu yuys (4) mau:

g1l _ B 1 1
( qu)v-%—— Pl (cosp, — 8(2cos?ey, — 1)) = Pl (E -8.92. o +8)
éxu

oy o3
(&) —5Pe>0

o?'J TPy

Keauns uukamu. Jlemak, ¢=g¢, Aa NOTEHIHAJN SHePrHs MUHHMyMra
3ra Ba CHCTeMa MyBO3aHATH YCTYBOPAUP.

71- macana. dyunaMeHTaap, MallMHa KHCMJapd Ba XO0Kasoaap-
HUHr TeOpanvmuHu &3umpa xyasanuiaguran lefirep Bubporpa-
duna P OFupIMKAArM MasTHHKHM OMKUPJAMrH ¢ GYJraH cnupaJb
NpYyXHHA BepThkaira o Oypyak ocCTuaa
yuaab Ttypanu (22.4- pacMm); MaaTHHKHHHT
O aftnanum ykura HucbaTaH HHepuus
MOMEHTH [, MasiTHHK OFHPJMK MapKasH
6usan afiqaHuIl VKW opacuaaru macoda
OC=s ra Ttenr. Bu6porpad spknu tebpa-
HUINJIAPUHUHT AaBPY aGHHKJIAHCHH.

Eunw. YMymJamras KoopivHHara y4yH
MasiTHUKHUHT MYBO3aHAT XOJaTHAAH uYerra
YUKHIIHHYE KYPCATyBuy ¢ OypyakHy 0JaMu3.

>
Cucremara MasiTHHK OFHUPAMK Kyuu P
XaMmjia CnHpab NPYXKHHA XOCHUA KHJATaH
y 7 peaktuB Moment M nad ubopar noTeH-

uMaJ kydaap Tancup ataAu. CHCTEMAHUHT
22.4-pacu. 6y Kyuaap Tydapim xocua  Oyaras
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noTeHLKHas SHeprugsapunu MoC pasuwaa I, sa II, 6uran Gearn-

JaidJIuK.
MasiTHUK MyBO3aHAT X0JaTHAaH ¢ OGypuakka Oypuarasjparu
OFHPJAMK KYUYHHUHT MOTEHLHAJ 3HEePrHACHHH XHCOOJaldMu3:

11, = P-s(cos « — cos (¢ + a) = Psfcosa(l —cos¢)+ sing - sinal.

2
MaaTHUKHAET KUYMK TeOpaHunia sine = ¢, Cos @ = 1 —.% ne6

oaumr MymkuH. Ulyunra xypa

H
H1=Ps(?2—cosa—]—q) -sina).

I, nu xuco6aamaa npyXunanuHr nactku yuu Oy peprukan
yctura TYWHIIY YYYH DNPYXHUaHd afAaHTHPHMIN Kepak OYaraH
6ypyakHy o, Guaan Oesnrnnaaiimus; Oy x044a MPYXKWHATA €2y MO-
MeHT KyHu Kepak. Arap MafaTHHK BEPTHKAaNLAH o+ ¢ Gypuaxka
6ypuarad 6y.ca, o, Oypuak a - ¢ ra kamaiiub, npyxHHaHUHT pe-
8KTHB MOMeHTH ¢(@y — a —¢) ra rtenr. llynra kypa

|
H2=’5€(“0‘_“‘“<P)2-

Hartnxana cucrema NOTeHLMAJ SHePrusacH YuyH Ky#nnaru udona
X0Cua GyJram:
2
I =Ps(‘%cosa -+ ¢sina )—|——; c(ayg—a— )2
éxu
¢ : ¢ 2
I =PS(—2- cosa—l—cps1na>~{——§ (2, —a)’—

!
—¢(2,~0)p + g, (1)
oll .
CucremaHuur MyBo3anaT xo/aruaa ((3—) =0 6yiumwunn 9bTH-
P /¢=0
Gopra oanb, (1) HA coppasawLITHPamMus.
ol .
= P-s(gcosa -+ sina) — clag — a) 4 c¢;
P
/‘-’ﬂ) = Pssina—c(a;, — a).
0‘,0 =0
Wynnnr yuyn (1) gy#nnaruua ésunanu:
Il = (Pscos a+ ) + 2 (o — a)". (2
BDHAN Jlarpan:KHUHT MKKHHYH TyD TEHTIAMACHHH Ty3aMus:
d /0T dT -
_(—7)—_=Qn. (3)
dt \ d‘f . df
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Ma’b-/lyMKH, norennMaAa kyudaapra Moc KeayBUH yMymjaauirad

nmt
Kyy QH=——0—; dopmyna Ouaan anukaaHanu. Bunobapuu,
it
Q= — 30; = —(Pscosa + ¢)o. 4)

Masituux Ky3raamac yx arpobuna aisanma xapaxarina 6yJarauu
YY4YH YHUHT KUHETHK dHEpPrusCH Kyiduaaruuya xacoOJaHaiu:

b, . |,
T==--2— IW'ﬁ5/Y=,

ByHnaH xocuaanap 0/1amu3:

or or ‘ -
AN R L— i’(il) I3. (5)
d? 0? Wli a?
(4) Ba (5) Hu (3) ra xyamus:
1; = — (Pscosa--c¢)- 9.
ByHna
Pscosa+¢ .
—

Gearmaall KUPUTUJICA, TEHrJ/ama

¢+ k¢ =0 (6)
KYPHHUIIHA onanu. (6) 3ca 3pkud TebpaHMa xapakaT nuddepen-
1MaA TeHrnamacHHu udonanad, yHudr I TeGpaHHLl AaBpH

y
k

¢Gopmynagad anukaanagu, Llyugah guau6,

Te=9s+/__ 1 .
27:]/ Pscosa+¢

(7) udonana « -0, a=—;- neG oaub, rOPH3OHTaA Ba BEPTHKa

TeGpaHULINaD AABPJAPHHH  @HHKJALI
MYMKHH.

72-macana. Maccacu m, y3yHJau-
ru [ 6yaran 6up xuucau OA crep-
#enb O HyKTana Kysrajmac wiap-
HUp Ouaan GupuxTHpuaraH (22.5-
pacm), CrepxeHHWHTr B HyKracura
6up TOMOHAAH ¢ OMKUPJAUKAATH NPY-
'WHHA, UKKWHYY ToModaaH L) nemm-
dep xyhuaran 6yau6, aemndep op-
Ka/Ju TabCUP 3TYBYH KapPLIUAKK KYuH

R=—B-v,ra tesr (3=const) Ba

{
08 = 3 CTepxeHHHHT  BepTuKa

22,5-pacwm,
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X0a1aTHAA nNpyxXuHa Aedopmanusigimaran ne6 kapab, npy-
suHa OMKVUPJUTHHUHT KaHAall KHAMATUAA CTePXKEHHHMHI BepTHkan
Xx0/aaTAard MyBO3aHATH YCTyBOp Oy iMluM Ba B HHMHT Kannap Kuid-
MaTujaa CTepxeHb XapakaTH CYHYBYH TebpaHuusiapaas néopar 6y-
AUINE TOHUJCHH.

Eunur, CrepxeHHUHM BEpPTHKAJAAAH OFHI 6Ypuard ¢ HH yMyM-
Agmrad xKoopAnuata ne6 osnamus. CTepxeHb MOTEHLUAN KydJap
(P ==mg — OFUPJUK KY4H Ba [ = CX — 3]aCTUKJMK KY4H) XaMaa
KapUIHJAUK KY4YH TabCHPHAA XapaxkaTjaHaau. BunoGapuu, (22.20)
KypuHHMWAArd Jlarpank TeHrJ/JaMacMHu TY3HII Kepak.

CucremManuHr OFUPJMK Ky4d Ba 3JaCTHKJAUK Kyuu Tydaiam Xo-
cun 6yJaraH nmOTeHUMAJa 3HepIuAIapuHH Moc pasuwia II; sa TI,
Gusan Gearuaaiimvus, ¥ xoaia

l A2
II,=mg.—cose, l=0c—
2 2
69116, 6yHaaru npyxunHa pedopmaunsacu A Kyfingaruia xucob.aa-
Ha4H:

A= OBsincp=%sincp.

;|
CTepXeHHHHT KUYUK TeOPAHUIUK §PTraHWAraHnaaH cose == 1 — %,
sine=g¢ Aeb OJIMHCA,
44 2 cf?
e M, T, =285 ) ¥ 3 7 9 1
1Ly P ( 2) 8 7 (1)
xocua 6yadau.
(1) nas ¢ Oyiinua xocuaa xucoOaalmMu3s:
ol mgl . cl? 20l —9mg
R e e (2)

9 2 ' 18

By udonaun noara tenrsawTupub, ¢ =0 1a CTepXeHb MYBO3a-
HaTna OyaulWiMHY kypamus. MyBO3aHATHUHI YCTYBOPJMK 11apTU

ol .
(—-\ >0 ngan ¢Qoitnananamus:
0

GC_D“‘ ’(F=
@ Al — 9m£ [
d¢2 18 ‘

Wywunr yuyn 2¢/—9mg >0 TeHrCH3NUKHH KAHOATJAaHTHDPYBUH
€=, Ja CrepKEHHHHI MYBO3aHaTH ycTyBsop OY/aaad. Byunpan ¢,>
On g
>
2
Onau JlarpaHXKHWHT BKKHHYH TYp TEHrJaMacHMHU TY3HII MaK-
CanuAa cucreMa KHHETHK IJHEPrHACHHH Ba KapIIHJAHK Ky4J1apH
Tydanau xocun 6yaysuu Panelt GyHKIUACHHYE 8HMKAAIITE YTaMH3.
Crepxens Kysraamac YK aTpoduna aiinanma xapakaT KHJAraHH
YY4YH yHUHT KUHETHK HEPrUACH Kyduaaruua TOnujaajnu:

Keaub YHKaILH.

1, ml-
T'= = [e?=""" g%
2" T ¢
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- -
ByHﬂa an—g— Gearuaaiu KHPpUTCaK, OXHUPru TEHIAHKHU KynHga-

ruya é3amus:

T = ‘L.af:'“’.
“~
(22.26) nau do#inanaunb, Paneit GyHKUMACHHA AHHKAANMH3:
1., 2 3L -4 Ap -
¢ == =Ll gyt e
g PUE=7 (a )=

Q2 - .
Byuga p= '19- Gesarujam KUpUTCaK, KyHuparura sra 6ysamus:

D ==yt

2| —

Haruwana (22.20) xypunuvwaaru JlarpaHXHUHE HKKHHYH TYp
TeHrJaMacH gyidunarnya udojaqaHanu:

ot 2el — «my
it S

ag=— —— 7 — Be.

20 —9mg
Bynga & op, 22K
y A 2a [§.73

«abu guddepennyuans TeHraaMa XOCHJA KUJaMU3:
g;+2bcé+k”cp=0.

By muddepennnan tenraaMa c¥aysud TeSpauma xapaxkatuu udpo-
Aanamy  yuyH b <k wapr Gaxapuaumu Kepax. Ly mapraau
$odnananub, B KodpHUUAEHTHE TOMaMH3:

<" 21 —Ymeg /

- [ = #? Gearunawmaap Kuputn6, (22.28)

18a
éxu
A _
9 a ") d - Ymg ‘
. it
. 3 * a
byunan
r B :
3 < l Umtilcl— Ymg) (3

keqn6 uyukanu. Ulymna#i guaud (3) wapr O6axapuaca, cTepxeun
CcynyBuM Tebpanma xapakaria 0y.aand.
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