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1. DIacTUKJIMK HA3apUSCMHMHI MYBo3aHat auddepeHmuall
TEHIJIAaMAJIap CUCTEMACH.

Kus o3ajapaaru Ky4wIiaHMIiap.

Cupr mapriapu.

boin kywiaHuuuiap.

KyWwIaHraHJiMK XO0JATHHUHI HHBAPMAHTJIAPH.

OKTaIpUK KYWIAHUIIIAP.

JHI KATTA YPUHMA KYWIAHMILLIIAP.

KyWwIaHHIIHUHT J1eBUATOPH.

Ky4JaHUIIIap MHTEHCUBJIMIH.

©oNOOOTRWN



2.1. DJIACTUKIMK HA3APUACHHUHI MyBO3aHAT

aAugdepeHIna]l TEHITIAMACH

Tamku Ttabcup (Ky4d, Temieparypa Ba OOIIKa TabCHUpIaAp)
HaTWKacuga JAcopMalMsUlaHyBUYaH KATTUK  KUCMHHHI  UXTUEpHUI
HYKTacuja XOCHJ OVJaguraH KyWlaHUIIap YMYMHMH XOJJa Yy3rapyB4H
OynmnO, yinap HYKTaHHHT >KOMJAIIMIN KOoopAuHAaraidapu (X,Y,Z)ra OOFIHK

(HyKTa KOOpJAWHATaJapUHUHI (DYHKUMSICH) OyiIraH Xojija Y3rapuiln
MYMKHH, S'TbHU

GX:GX(X’y’Z); Gy:Gy(X1y’Z); GZZGZ(X,y,Z);
Ixy = Txy (X’ Ys Z); tyz =tyz (X’ Y, Z); Tzx = Txx (X’ Y Z); (2.1)
Ty =Ty (X Y,2) Ty =7y (XY, 2); 74 = T30 (XY, 2).



Arapna JgedopmanusiiaHyBYaH KaTTUK SKHCMHUHI OHMpoOpTa HYKTacu
arpodpugan Tomonmapu 0dX,dy,dz ra TeHr OynraH mapaelenUNIeIHA aXpaTuo OJIno
(2.1-pacM) yHHHT HONb HYKTacHJAH 4YHKKAH TOMOHJIApUTa TabCHpP KHIIyBYU
KywiaHuumapau Oy, Oy, 07 Txy’TyDTZX’TyX’sz’TXZ ned apa3 KWicak, y
X0JIla Iy TOMOHJAapra Iapajuies OyjiaradH Ba Iy ToMoHjaapnaa dx,dy,dz macodana
KOMJIAIITraH napajuieIeHue HI TOMOHIapAa X0CHJI OyIaaurad Ky 4jiaHuILiap:

00y Tyx ok
o+ dx; 7. + dx; 7, +—2dx
X ox < ox X o
oymanm (2.1-pacm). oo or O
X A YX .. T7x
B onanapbna Oy +—=0X, 7.y +——0dX; 75, +—22dX
y nporanapaa  Ix o X ox XX

muddepeHnuan orneparop Iy KywiaHunmapau dX Macodama Yy3rapuiniapuHHA
ndonanaiiagu. Koiran KydiaHMII KOMOHEHTaJapu XaM Ba Macodanapja IIyHra
yx1abd y3rapasu.

Arappa Tomoniapu 0X,dy,dz Tenr 6ynran napajieaenuInIeIHl Maccacu dm
Oyica, y Xoija mapajuielienuie Marepuannay suwmra p= dm / dx,dy,dz 6ymamn. ¥
X0JI1a MapauIelICIUIIe/ra TAbCUP KWITYBYN TAIIKA KyYHH A¢0 KapalluMHu3 MyMKHH.



2.1-pacm.
Kywianumiap
TAbCUPUIATH YEKCH3
KHYHUK
napaJuiejenuimne/x



by Tamky Ky4dHu (KOMIIOHEHTAJIapH) KOOpAWHATA YKIapiaru
npoekiustapu Xpdxdydz, Ypdxdydz, Zpdxdydz 6ymamm.

X,Y,Znap OUpIUK XaXKMra TabCUp KHJIYBUM TAallKA Kyd F Hu
KOOpAWHATA YKJIapuaard OpOeKIUsIapy, SbHHA COMUIITHPMA X KM
(Macca) Kywiapu. JlanamOep npuHIUNHAAH (oNgalaHuO dIEMEHTap
napajjelICuIIeAra TabCUP KWIAETTaH HWHEPHMS Ky4IapUHH Xam
Kapalll UMKOHUSITUTa STraMM3, TbHU

2 2 52

pdxdydza u,odxdydz8 Wdedde—
ot ot ot

o°u o0%v 0w
ot o’ at?

MapKa3WHU KOOpAWHATA YKJIApUAATH TE€3JIaHUIILIAPHU.

by epna: - QJIEMEHTAP XAKMHUHT OFUPIIUK



JledbopmanusiianyBUaH KaTTUK >KHCM MyBO3aHaTda Oyica, yHaa axparuO
OJIMHIaH »JIEMEHTAp XaXM XaM MyBo3aHardga Oyiaau, AeMak Oapya TabCUp
KWIAETraH KydJap TabCUpHUAA JJIEMEHTAp XaKMHM MYBO3aHAaTHHH TabMHUHIAII
y4yH CTaTUKAaHUHI MYBO3aHT TE€HIVIaMaJapuHU IIapTH OaKapUJIMIIK KEpaK, SbHU.

YX =0, YM,=0;
2Y =0, >»M,=0;
2>.Z2=0; >M,=0.

DJIEMEHTap MapaielICMIIeAra TabCUp OTyBUM Oapya KydJlapHHU VKKa
IPOCKUMSIIA0 KyWHIaruHU XOCHJI KMIaMU3:

olox ot
(ax + 6xx dxjdydz — o, dydz + (rxy + % dy)dxdz — TyydXdz +

Vo

(2.2)

2
+ (sz + a;ﬂdzjdxdy— Ty dxdy + Xp-dx-dy-dz=0 [Z dedydza—;
. ot

j (2.3)



Tearnamagarn KaBcilapHu o4u0, wKku TomoHmHU dxdydz ra OymmoO
1000pcak, Kyruaaru audgepeHiuan TeHIiiaMa XoCuil oOyiiaau.

2
0oy « OTyy 8TXZ i X =0 |=p0Y o0“u | (2.4)
OX oy Oz ot?

Xyaau ITyHUHIZIEK, AJEMEHTap HapajielienuineAra TabCcup 3TyBUM Oapua
KyWwIapHU Y,Z VKJIapura HUCOAaraH OpOeKnusuiad aedopMalnusiaHyBYaH KaTTHK
KUCMHHHI MYBO3aHAaT XOJIaTUHU H(OIaI0BUH ﬂH(bd)epeHuHan TEHIJIaMaJjlap
CUCTEMACHHHU XOCHUJ KUJINII MyYMKHH:

O 2
80X+ Txy_l_@rxz_l_xzo p@
OX oy oz ot?
oT 86 oT 2
e Y- iy =0 pa— . (2.5)
OX oy OZ ot?
2
az'zx_l_ﬁfzy_l_ﬁaz_l_zzo =,08—u.
ox oy = oz ot?




Arap TabcHp KWIHIIK MyMKUH OYiIraH XaxMui kyuyau Fdm nmecaxk.

CraTukaHu KOJTaH ydyTa MOMEHTIap OyHMYa XaM MYyBO3aHaT TEeHraMajlapHhiaH
doiigananum yayH napamienenumnenra (2.1-pacm.) Tabcup Kuraétran 0apua KydiapaaH
X,Y,Z YKJiapura HucOaTaH MOMEHTJIap OJuM0 yJIapHM MYyBO3aHaT TEHIVIaMajapura oJiMo
Oopu0 Kkyiicak KyWMJaru KYpHUHHUIIJAArd TEHIJIaMaJlapHH CHUCTEMacu XOCHJ Oynasu.
Mucoa TapukKacuaa Yy YKAra HUcOaTaH OJMHITaH MOMEHTIApHH MOMEHTIap Oyinya (2.2)
MYBO3aHaT TCHINIJAMAHUHT OMPUHYMCHUIA KYyNCAaK KyHHuaard TeHIJIaMa X0CHI OYJITaau:

[0' N o
X

2 2 ¢ 2

— [az + 5;; dzj(dxdy)- % + [sz + 822‘2 dzj(dxdy)- dz —

— [sz + 5;;x dxj(dydz)- dX — 7y (dzdx)- % + (2.6)
4 O o,

+| Tyy + i dyj(dzdx)-dzz—(rzy +;;ydyJ(dzdx -%+

N Yy
+ z-zydzdx-d—zZ + X (dx- dy-dz)-% — Z(dxdydz)-% =0.



by TeHrmaMaHu cogajaliTUpUO YeKCU3 KHUUK MHUKJAOPJIAPHU Talliao
I000pCaK, y Xoiaa
Txz = Tyx
YKAHJIUTUHU KeJINO YHUKaIH.
Jlemak, OolIKa VKjapra HACOAaTaH MOMEHTIIAP OJIHUO, yIapHA MOMEHT
OVitmdya MyBo3aHaT (2.2) TeHImaManapra Kyicak, y Xojja Kyhumaru Keiand

YUKAIU. B R
Tyx = Txys
Uyxz = Tzx- |




Mabnymku, MyBo3aHar  guddepenmuan  Tenrmmamamap  (2.5)
CUCTEMAaCHHH TYKKH3Ta HOMAabJIyM KYWIAHHMII OMMJUIAPU TAIIKHI STaju.
Ypuama kywranunmiap Kypriauk (2.7) KOHYHUHH 3bTHOOpra OJu0, OJTH
HOMAabJIYMJIM y4Ta audQepeHunal TeHIJIaMaaap CUCTEMacura sra 0yiamus.
Jlemak, SMacTUKIUK HA3apUICHHUHT Kyd4JaHUIIIapra HHcOaTaH TY3WITaH
TEHIJIaMJIap CHCTEMAacH MacajJlaHM €UMIl Y4yH eTapau OyiaMaraHjiuru
ca0a0Iy dJIACTUKIMK Ha3apusicH Macajajapu CTaTMK aHUKMAac SKaHJIHNIHU
MabayM OVIau. DJACTUKIMK Ha3apHUsCH MacajlalapyuHU €UMII YUyH BIaCTUK
KUCMHUHT Ac(popMalusaIaHUIl XOJaTHHU Ba YHUHT (PU3HK XyCYCUSTIAPUHU
BTUOOpra 0JMO KyIIuMYa TCHIamMaliap Ty3ull jJo3uM. lIlyHaaH keMuHruHa
MACTUKINK Ha3apUICH MacajajJlapuHU CUUIN MYMKHWH, SBHU DJIAaCTUK
XKACMJa  XOCHJI — Oymagurad  KyWwIaHMIIApHH — KOOpJAWHATaJIapHHHT
(pyHKIUsIapu cudarua aHUKIalm MyMKAH OyJ1aau.



[unuaapuk XOr KoopAWMHATa CHCTEMacHAa »dJIACTUK >KUCMHHUHL
MYBO3aHaT T€HIJIaMaJlap CUCTEeMAacH Kynujaarunda udoaaaaHagm.

\

00y

+1 OTxg +(%XIr + 52X X =0
X r 06 or r |
6765( n 1 809 i aT@r n 276?r
oX r 00 or r
OTy N 1079 N 00, E
or r 060 or r

+®=0;, ; (2.8)

or %0 L Rr=0.




2.2. Kus w3ajnapaaru Kywianuunuiap. Cupr maprjiapu

Tamkn Kywiap Tabcupuja OYJIraH >KHUCMJIAPHUHI Ky4JIaHTaHJIMK
XO0JIaTH TYFPUCHJA TYJIMK TacaBBypra sra OyJIMII Y4yH YHUHI KOOpJMHAaTa
YVKj1apura HucOaTaH MXTHEpHH Kus (OFMa) ro3anapuia XOCHJ OyiaguraH
KyWIaHUILJIAPHU XaM TaxJIMJI KWIMII 3apyp OyiIaau.

Mypakkab kywnanum xonarumaru (2.1-pacm) mapamnenenuneagad BCD
KU TEKUCIUMK Oyihmya Kupkuo, Oumpopra OBCD Terpasap axparu6d
onamu3 (2.2-pacm). Kusg BCD texucaukaunar ¢aszomaru XoiaaTUHH YIIOY
TEKHUCJIMKKA YTKA3WJIraH ¥ HOPMAJIMHUHT UYHAJITUPYBUYM KOCUHYCIApH
cos(x v)=/¢;cos(y v)=n; cos(z v) = m Gerrunaiizm.

Kus BCD rtexucnuk ro3acuau dA, koopauHara TEKUCIHKIaApUIaru
to3anap BOC yubypuakuuar ro3acuau dA, , COD yuOypuyakHUHT 103aCHHU
dA, , DOB y40ypuakuuHr ro3acunu A, Ouan OenruiaimMus.



by r03anap opacugaru KyiujaaHu MyHOca0aTIapHU aHUKJIaMU3:

—————————————————

TerpasapHuHT KUA
KECHUM K03aCH



Xaxmuii kywiapau X,Y,Z Ounan Oenrunammi3. Kapama€rran terpasap
KOOpJMHATa TEKUCIUKIapuaa Ky4IaHUIILUIAPHUHT TalllKWUJI 3Ty BYWIapU
OxyOy1O0z: Tyys Tyzy Tzxs Tyxs Tzys Txz Ba  xaxmun XY,/ Kywiap Xamjaa
HopMmanu v OynraH, kusga BCD ro3agarm tyna xyunanum P, HUHr ykimap Oyiinya
Talmkui 3TyBumiiapu X,,Y ,Z SKaHIWTHHU YbTHOOpPra OJICaK, Y XOJJIa TeTpasapra
TabCUP KWIAETTaH Oapya Kywiap MyBo3aHaaa Oynumm kepak. lllynn spTrOOpra
om0, O0BCD terpasapra tabcup 3TaéTran Oapua KywiapHH KOOpJAMHATa YKUra
IPOCKIUSIAPUHUHT I/II/IFI/IHI[I/IJIapI/IHI/I HOJITA TGHFJIaI/IMI/IB

X, dA—(oydA)l — (75, dd4)m = (7, dA)n + XdV =0,
bynma dV TeTpa’apHUHT XaKMHU.

Tenrnamama XaXKMHH Ky4jap YYMHYHA TapTHOIM YEKCH3 KHYHK Xa
Oynranm ydyyH Tanuiad roOopamu3. YHAa Oy TeHIamajaH KyWujaaru
nPoJaHu XO0CHUII KUJTaMH3!

Xy =0yl + Ty M+17y,N.



Ymoy OBCD Tterpasmpra Tabcup dTaéTraH Oapya KydlapHU VY,;Z
KOOpJIMHATA YKJIapura OpoeKUUsJIapu MUFUHAWIAPUHA XaM HOJIra TEHIJIao,
(Oab3u OMp MareMarvk amajulapHu OakaprO), SsHA MKKUTA TEHIJIaMa XOCHJI
KdiaaMu3. Jlemak, Kapajla€TraH TETpadap YYYH CHUPT IIApTU Kyuuaaruya
ndoanaHaIu:

b s szaX€+nym+rXZn;
iy = €+Gym+ryz (2.9)

Ly =Tyl+T,yM+0,N.

Arap kus BCD roza xucm cuptu OWIaH yCTMa-yCT TYHIMO KOJICa,
yana XY ,Z nap CHPTKM KyWIAPHUHI KOOpJHWHATa YVKjiap Oyhin4Ya TallKul
TyBUMJIApUHU Hoaananad. YHa Oy TEHIVIaMa WYKH KydJap OWJIaH TaIlKu
Kywiap opacujaru OorjaHUIIUIapHHA Oepagu. [lemak, Oy TeHITIaMa >KHUCM
yerapa €Ky CUPT MIapTHHHA U OoaaTanIu.



2.3.bom1 kKywnanunuiap. KywiaHranjiuk XoJiaTu

HHBaApHUaAHT/IAPHA

bepuiran JKUCMHHUHI HMXTUEPUM HYKTACHra IIyHAAW y3apo
MEPICHAUKYJISIP TEKHUCIHUKIAP YTKa3WIl MYMKHHKHM, Oy TEKMCIMKIapAa
ypHHMA KyWIaHMIJIAp XOCHJI OyamMaciaH, (pakar HOpMajl Ky4JaHHUIILIap
MaBxXyd Oynaau. Y xonga Oy TEKUCIHKIAP 00wl meKUCaIuKkaap Ieininaam.
by Texucnukiapra MOC KEJIyBYM HOpPMaJl Ky4IaHUILIAD 3Ca 0Oouw
Kyuaanuwiiap Nenujiaau.

Arap KOOpJAMHAaTa TCKHCIMKJIAapra mapajien OyJraH, y4ra y3apo
MEPIICHIUKYJIISP H03ajapAaru KyWIaHUIIAPHUHT TAIIKWII 3TYBUMIIAPU
(ox; Oy, Oz, Txy: Tyzs Ty) Mabiym Gymca, (2.9) doiinananu6
KUCMHUHI HXTHEPUKW KHSA TEKUCIUTHMHUHI HXTHEPUKW HYKTACHIaru
KYYJIQHUIIUIAPHU aHUKJIAII MYMKHH.



Kusa ro3amarm XY ,Z ~ TalIKWI OTYBYA KYWIAHUIUIAPHUHT TEHT
TabCUpP OTYBUYWCH TyJla KYyWIaHHWIN Jc0 arajaaud Ba TalIKWI 3TyBYH
KYYIAHUIIUIADHUHT T€OMETPUK UUFUHIMCY KYPUHUIIMIA AaHUKJIAHA N

P = X2+Y2+22 (2.10)

Tyma xyunanum PV HM HOpMan O, Ba ypHHMA TalIKui 3TyBud T,

KYUWIdHUIILIapra axKparaMu3i.

Hopman KydiaHWII KOOpAWHATA YKjapura Iapajiell OyJraH TallKH
3TYBYHM KYWIAHUIUIAPUHUHI 1034 HOPMaJIWra OJHMHIaH [IPOEKIUAIapy
WUUFUHUCUTA TCHT .

o, =X, 0+Y,m+2Z,n=

2

=0X€2 +oym +Gzn2 + 27y M+ 27, MN+ 27,00, (2.11)



Yoy TeHIMIMKAaH KYPUHAAWKH, )KUCMHUHT UXTUEPUN KU F03aCUIaru
HOpMaJ KYWIaHMII KOOpJMHATaJap TEKHUCIUKJIApura mnapapauiena OyJran
y3apo MNEepHeauKysip OyJraH ydTa TEKHUCIMKIApAard OJTHTA Ky4JIaHHIII
KOMIIOHEHTJIapX OWJIaH aHUKJIaHAp DKaH.

YHaa Oy 103a7aru ypuHMa KyWwIaHMII Tyja Ba HOpMaJl Ky4JIaHHUIILIAP
alMpMacH KaOu aHUKJIaHA]IU.

ty = \/I:)v2 _5\3- (2.12)
Arap kapana€TraH Kus 103a OuJiaH Ooll ro3anap Oup-Oupu OujiaH
yCTMa-yCT TyllIca, Oy ¥03aJia ypruHMa Ky4JaHHUIIl HOJIra TEHT OyJIaju.
bom ro3ara TabCUp ATYBUM OOII Ky4WIaHUIIHMA OunaH Oeruiad
(2.9)man Kyitnmarnya aHUKJIaHA N,

Xy=0-l; Yy=0-m; Z,=0"n.



Ymoy ndogann (2.9) nmdonga Omnan Takkociad, KyHUIaruHu XOCHII

KWJIaMU3.
Ol =0yl +TyM+7Ty,N;

o-Mm=r1 €+Jym+z'yz (2.13)

AHAJIUTUK TE€OMETPUSIIAH MABIYMKH, WYHAJITAPYBUYM KOCHHYCJAP
opacuja Kyhuujaaruda OOFJIaHUII MaBxKYy/l:

/% +m%+n°=1. (2.14)

lynara acocan (2.13)-(2.14) tenmmmamamapaa TYpTTa HOMabIIyMiap
OynuO, Oynap OOl Ky4WIaHMII Ba YHHMHI y4Ta WYHaJITUPYBUM
KOCHHYCIIApHUIUP.



FOxopumarn (2.13) TeHrnaManu KyHnugaru KYpUHHUIITA KEITHPAMU3:
Tyxf + (Gy — G)m + Tyvz n=0; (2.15)
Tyl + TyyM+ (6, —o)n=0.

Yoy oup skuHCcau TeHnTamanap cucreMacu eunvd f = M=N =10
OyIuIIM MyMKHH 3Mac, 9yHKH Oy (2.14) maptra 3uggup. Xed OyiIMaraHja,
MYHAJITUPYBYM KOCHUHYCIIAPUHUHT OMpopTacu HoiJaH (apkiau Oyiaranaa, Oy
CUCTEMAaHMHI OOIlKAa €YMMJIapM MaBXKyH OVYIUIIM Y4yH CHCTEMaHHHT

ACTEPMUHAHTH HOJTa TEHI OVJIMIIHM JO3UM, S'hbHU:



Tyx Oy—O 7y, |=0. (2.16)

JleTepMUHAHTUHU OYMO YMKAMMU3!

(GX — a)(ay — GX O, — a) + TyxTzyTxz + ToxTxyTyz —

2 2 2
— (O'y — (T)TZX — (GX — G)Tyz — (O‘Z — G)Z'Xy =0.
by udonamarn xapciapHu 04ynO YMKWO, OOII Ky4JIaHHWII J1apakacu
OyHHnya rypyxJanijaH KeMUH Kyruugaru Kyo TCHIiamMa XoCuJI Oyiaaau:

GB_I].GGZ_I_IZGG_I?)O':O (2.17)



by epna

2 2 2 .
I, =0yOy +0y0; +0,0y =Ty =Ty, =T (2.18)

2 2 2

by (2.18) ndoganapra KydaaHUII TCH30PUHUHT OUPHHYN, UKKMHYN Ba
VUYWNHYM WHBApUAHTIApH JCHWIagd. Yiap OOl Ky4JIaHHIUIApD OpPKaJH
Kyhngarnda udoaaaaHaaim.
|, =01+0y+03;
|26 = 0107 + 0203 +0307; (2.19)

|3(7 201'02'03.



bomn KyunaHuiln 0 ra HUCOaTaH YYMHYM Aapakaliv, SbHHU KyO (2.17)

TCHINIAMaHU €YML HATKACUAA yuTa 01, Oy, O3 WIAU3IAp aHUKIAHAIH.

Ky06 (2.17) TeHInmamMaHW CUMIMTHHHT UKKU YCYIMHH KYpHO YMKAMM3.
1. Ky6 menenama (2.17)nune uan momownunu Kynxaoaa axcpamuii
yeyau.  Arap  (2.17) TeHrnmamMaHMHT Yalm TOMOHHMHHM  KydHaarumda

KyIanuTyBUYMJIApra aKpaTuill MyMKHH OYJIca:

0y~ 01 )ay =2 oy =03)=0 (2.20)

yHJ1a Oy TeHINIAaMaHUHT WIU3JIapH KyAa OCOH TOIMIAIN, SbHU

Oy =01, Oy =07, Oy3=03 (2.21)



2. Ky6 menenama (1.21)uu mpuconomempux ycynoa evuu.
Ky6 (2.17) rearnmamara g =Y + |10 / 3 ajaMallITUpUIIL  KUPUTHO, YHHU
Kydujarnya €3uill MyMKHH:

Y®+PY +q=0 (2.22)
by epna IZ 9 1
: 3
PZIZJ_ ]{301 q:_ﬁllo'+§llal2c7_l3a' (2.23)

Arap ITUCKpUMHHAHT MaHOUH, 1pHE A = P° +0° <0 6ynca, (2.22) ky6
TEHIVIAMAHUHI y4yaJla XaKuKAd HWIJAU3W MaBXy[d. Yiaap Kydugard
dbopmynanapaaH aHUKIaHAIN.

Y, =-2r cosg; Y, =2r 003(600 — %) Yq=2r 003(600 + %j (2.24)



byHna
COS@ = 2%; = i0,5774\m. (2.25)
Ky6 (2.22) TeHrnama edmMMIIApMHUHT TYFPWIMTHA Kyhdumaru (opmysa
epamMuia TEKIIUPUIAIN
Yl -|-Y2 -|-Y3 =0. (2.26)
bomr kywnanunmiap 3ca  Kywugara — Gopmynanap — €paamuiaa
aHI/IKJIaHaI[I/I | | |
o' =Y + ?, o' =Y, + ?, " =Y5 + ?. (2.27)

AHUVKJIaHTaH KyWIaHUIIAPHU TeTUIINYA OOII Ky4YJIaHUIIIap 01> 09 > 03
OuJIad OeJIruiIaiMus.



Ky0 (2.17) TeHrnama wiau3IapuHUHT, SbHU OOII KyWIaHUILIAPHUHT
TYFPUJIUTUA KYUHUJAru TEHIIamManap €paaMuaa TEKIIUPUIIaIu.

OyOy +0y0; + 0,0y —T)%y —Z'>2,Z — TZZX = 0109 + 0903 +0307;, (2.28)

2 2 2

NyHaNITHpYyBYM KOCHHYCJHIAp KHHMATJIApUHUHI TYFPUWJIMIH, OOIII

KyWIaHUIILIAP BEKTOPJIAPUHUHT OPTOTOHAJUTUTHIAH dhongaaHuo
TEKIMPUIATH, SBHU: (.0 5 + MM, + N, = 0;

{503 +MyoMg +Nyng =0; (2.29)

0401 +mgmy + N3 =0.



Arap 0ol TeKUCIUKIapaaH OMpY MablIyMm OyJiica, 0ol
Ky4JIaHUIIIApHU TOMUIN YUyH Kyluaaru popmynanapaaH dhogalaHuIaan:

oytoy, 1 5
012 = 5 yia\/(ﬁx—ﬂy)z-FZI-Txy, O3 =0,. (230)
bo1r YKJIapHUHT XO0JIaTh 3ca Kyuuaaru (hopmMynaaaH aHUKJIaAHAIN:
2T
tg2ay = —>—, (2.31)

Oy popmynanan o =@ Ba Qy =0y + 90° ukxkura Oyp4ak TOIMHINO, SIHHU
OMpHUHYN Ba MKKMHYM OOIN YKJIAPHUHT XOJATH aHUKJIAHAIH.

Kentupn®  umkapumiran  Hartwkagap EpaamMuaa  KOHCTPYKIIHS
JIEMEHTIIapKIa TallKd Kydwiap TabCUpJa XOCHJI OYIMIIM MYMKWUH OYIraH

Ky4WIaHHII X0JaTJIapUHA KyprUO YMKUIIIMMU3 MYMKHH:



1.0pauit uy3unuin (CUKWININ) XoJaruja OoIl KydJlaHUIIapHA OHTTa
KOMITIOHCHTACH XOCHJI OYIINIIM MyMKUH, SpHU (2.3 a-pacm).

2. Texkuc KywiaaHHII XoOJaTuja »dca OOl Ky4YIaHUIUIAPHUHI HKKHUTA
KOMITOHCHTACH X0CHJI OYIHIy MyMKHUH, SpHU (2.3 b-pacMm). By xonma 01 > 09
ne0 Kapallaau.

3. X@KMHUM  Ky4IaHUII XoJaTuja d3ca OOl KyWwIapHUHI  XamMma
KOMITOHEHTaJIapu Xocun oymaan, seam (2.3 d-pacm). By xonma 01 > 0y > 03
ne0 Kapanaau.

a) A b) A d) G
O1 O . 1 1 = o)
: 7,
| 7
-  — - - — \ —>
G2 G2 (o3} / G2
] G3-’ .
/’/ |
Jo Jo !
O1

2.3-pacM. KywiaHraHjimMk xoJ1aT TypJjapu



2.4. OKTa3IpUK KYWIAHUIILIAP.DHI KATTA YPMHMA

KY4JIAHUIILIIAP

¥Y3apo neprneHauKyJsip OyJrad yuyra 0ol r3ara HucOaTtasn OMp Xui

1

Oypuak xocua Kuiaub yrran1o3a £ =M =N =— oKTa3IpuK 103a 1eo

J3

aranagn. Yamaa (2.9) opmynmagan KydugarujiapHU X0CHI KHIaMH3:
Xl = Glg, X2 = O, X3 = o3,
by 103aaru KywiaHUILIAp Kyuugaru Gopmylaiap €paaMuia
HUKJIaHAIH.
Tyia Ky4ianuu:

1
P, = 7 ol +ol+ ol (2.32)

J3



OKTasapuK HOpMaJl Ky4JIaHHIII:

1

Ot = é(al + 09 + 03 ) (2.33)

OKTa’apuK ypuHMA Ky4JIaHUII:

1
o =\ (01=02f +o3 =03 +(os-rf. (239

boin ypyuHMa Ky4iaHANUIAp KyHuJIarnya aHuKjIaHaau, SbHU:

O, O%, L. 02703, L 9370

1
T,, =% Ty =T Ty =X
12 » 23 d 31
2 2

2



by ypuHMa Ky4laHUILIAp XAKMHUM Ky4wlaHUII XojJaruja, OoIl

fozajapra 45* Oypuak octujgarm OyiaraH ro3amapra (2.4-pacm)  Tabcup
Ham. b) d)

403 O, 103 07

|
/ ¢ ]
.

| |
I i .’ I
ng lﬁs

2.4- pacm. Kud 103aj1apaaru ypuHMa KyWwIaHHILIAP



OKTasrapuK ro3ajlapJard ypuHMa Ky4jJaHH!Il OOl YpUHMA Ky4IaHUIILIAp
OpKaIM Kynujgaruda €3ujiaju.

_2\/ 2 2 2
Toct_g T1p + 793 + 731 (2.35)
byHna
01-02. SO 3 03~01
2'12 = 2 , 2'23 =+ 2 , 2'31 =+ 2 . (236)

JKucmuuaT Oepriirad HyKTacHuaru MakCuMall Ba MUHMMAJl YPUHMA
Ky4JIaHHILIAp Kydnmara opMyliaiapaad aHUKIaHAIH
01— 03 01 —07
Tmax = 5 Tmin =~ 5

(2.37)

OKTadIpuK YpUHMA Ky4JIaHUII MaKCUMal ypHHMA Ky4IaHUIIAAH Ky1a Kam
(dapk Kujaaau Ba yiaap opacuia KyrMujagard MyHOca0aT YpUHIIM OYJIagu:

0,941~ % > _foct \E ~ (),816. (2.38)

T max




2.5. KywjianuinHuHr aeBuaropu. Kywianumuiap

HHTCHCUBJINT'UA

KyunaHuimiap TEH30pHMHU KYWIAHHIIHUHT Iap TCH30pWUra Ba
KYUJIAHHUIITHUHI ICBHUATOPUI'A AKPATHUIIl MYMKHH, ABbHU.
- 2.39
. TG =1l O T DG ( )
CKU
Ox» Txyr Txz| |0y 0, O Ox = Om:»  Txy: Txz

To =ty Oy, Ty |=|0, o, 0 |+| 7y, Oy—0On, 7Ty (2.40)

OyHJ1a

(2.41)



KydmanunurapayHr map TEH30pHM TabCUPH HaTIDKACHAA JKMCMHUHT
XakMu y3rapagn (2.5 a-pacm). KyuynaHMIIIapHMHT AEBHATOP TEH30PH
TabCUPH HATHKACHa JKUCMHUHT IIakiau y3rapaau (2.5 b-pacm).

a)

___________

2.5 -pacm.
Ky4JIaHMINHUHT
[Iap Ba JeBATOP

TEH30PUHUHT
Xo0JIaTJIapu




Ky4aHUIIHUHAT 1ap TEH30p Ky4YIaHUIITHUHT OMpUHYHY MHBApUAHTH

OWJIaH yCTMa-yCT TyILIaJu, SbHU:
IllU =30y =0y + 0y +0;.
JleBHaTop Ky4IaHUIIHUHI OMPUHYM MHBAPUAHTH 3Ca HOJIra TEHT OYJIaiu.
XAaKMKaTIaH XaM,
lip(6) = (oy —om )+ (Gy — O )+ (0, —om)=0y + oy+o;—30y =0. (2.42)

JleBnaTop Ky4JIaHUIIHUHT MKKHHYA WHBAPHAHTH aHUKJIAIl YIyH TEH30P
KYYIaHAIIMHUHT UKKMHYY WHBAapUaHTHAAH QoraananamMus Oy, O V! O
Ky4JIaHIIJIapHU (GX —Om ); (Gy = Gm) (GZ — Gm) alinpma OuaH
aIMalITupUO, 0ab3u OMp coaAalallTUPHUIILIAPHU OakapaMus.
Harmwxkama paeBuaTtop KyWlaHUMIIHUHT HWKKMHYM HHBApUAHTH KyWHJIaru
KYypUHHUIIIA UPOaaTaHaIN:

l2p(0) = % [(ax —ay)z + (ay —02)2 +(o, -0y )° + 6(7)%, +Tgp + rzzx)] (2.43)



Kyunanunuiap 1€BUATOPUHUHT YYUHYM UHBAPUAHTUHU XaM KyHuIarnya

€3UIIl MyYMKUH: 1 S
13, 3 3)_ ( 2 2 2
I3D(0) =7 [2(0)( +oy +0; |-3loyoy +0oy0o; +0;0y +
2 2 2 2 2 2
+0oyOy +0,0y +0y0; |+120,0,0, +90y\tyy — 27y, + 7y |+ (2.44)

190, (2, 472 — 202 4 90, (262 + 22, + 12 )+ Bdrgy 7yt

J

KywiaHuIIap HMTEHCHBJMIHA [1€0, KyWIAHWII JACBUATOPUHUHI HKKWUHYH
MHBAPHAHTUHUHI KBaJpaT WIAW3Ura antwiaad. Hopmans Ba ypuHMa Ky4IaHHUIILIAP
MHTCHCUBIIUTH Kyyuaaru popMmynaizapaaH aHUKJIAHAIU:

Oj = \/3| ZD(G)' (2.45)

b= \/ | 2D(o) (2.46)




by d¢opmynamapgaH — KypuHaIuKd, yiaap ~Oup  OupugaH  Qakart
IPONOPIHUOHAIIIMK KOA(pduLmeHTnapu OmiaH dapk Kuiap dKaH, ITYHUHT YUYH:

O Z\/§Ti. (2.47)

(2.43) ndomanu >prrOOpra 01mod (2.45) Ba (2.46) bopmynanmap Kyhugarnda
rudoaagam MyMKHH:

o = %\/(GX —Gy)z +(0y —62)2 +(GZ —GX)Z +6(2')%y +r$,z +2'22X). (2.48)

Tj = %\/(Gx —Gy)z -I-(Gy —02)2 +(o, —GX)Z +6(2')%y +r$,z +722x)- (2.49)

KyunaHumiap WHTEHCUBIMIMHM OOII Ky4YIaHMILIAp OpKalu KyHHaardda
nponanamr MyMKUH: 1

2 2 2
Oj NG \/(01 —02) +(02 —03) +(03 —01) . (2.50)
OKTasaprK ypUHMA KyWIAHUII OPKAJIM 3Ca Kyhuaarnda udoaaaaHau:




HA3OPAT CABOJIJIAPHU

s wWwhkE

8.
9.

Kyunanunuiap ge6 HUMara aunTuiaan?

JKucMm HYKTaCMHHMHT Ky4JIaHTaHJIMK XO0JaTUHU M30XJ1a0 OCpUHT?

bori r03a 1e0 KaHjail ro3ara auTmwiaamn?

boi ky4ynaHuIIap KaHaau KydilaHuIiap?

JKucM HYKTaCMHHUHI KyWIAHTAaHJIWK XOJaTHMHH KaHJal Ky4JIaHHUIILIap
XapaxkTepianam?

JlebopManysinianyB4aH KarTHK SKUCMHUHT MyBO3aHarT auddepeHnuman
TEHITIaMaJlapuHU U30X OCpHUHI?

DOJIaCTUK JKHMCM HYKTaCMHUHI KYYJIQaHTaHJIMK XOJaTUHUHI  KaHJai
TypJapyuHu Ouaacus?

Kanpgai orMa 103a OKTa3IpHK 103a J1e0 aragagu?

OrMa 103aJ1arv Ky4iaHUILIapra u30X, OCpuHI?

10. Cupt yerapa mapTHHHU U30XJ1a0 OSPUHT?
11. Ky4nmanuiiap HHBapUaHTHHUA U30X/1a0 OCpUHT?
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