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QEHO@mdon gsdmlsbnm 33l 3o mIb G ogo by s s G g Mo

335 9fmegds.

dogomomse, o 0Xyz lLogéhgdo M(X,y,z) §godomo  3cdérsmdls

Bas306by, OMImols gsbBmemagdss
f(x,y,z) =0,
35806 53 gdBomolsmgal gl ool 330l gsbBmmgds (m&Ibeogo 33s).

o F96@0mo 3mdesmdls R Gsponlol bggoml dogbom, 35806 3dols
3368 mmads 046938 ((38edbeogo 3ds)

x*y*+z2 <R

358sbosdy, oy Gs03y bgos3ocon, G@Imol gsbBmemgdss f(X,y,z)=0,
boaesgl FogoBomol dmd@smdal  ségl, 3dsTob 3ol gsbBmemagdsl gJ6g0s
sbgmo Lsby: f(x,y,2)£0, o6 f(x,y,2)>0.

335, OmIgmo b 86 sl EsImorgdnmo dgJsbo3m60
Lobgdol Faddomgdols bobJsdrgby, g.0. o6 Bouosgl Lobjsergl, gfmegds
3999800 (Ionmebmdn®o) 33s. 0go 3s3malisbgds Bmemmdoo: f(X,y,z) = 0.

33T, BmIgmoi EIMgoEgdgmos s  dseBm dgdsbogndo  Lolggdol
ToOdomgdols  dpgdstrgmdol  JmmGeabsdgdty,  sMsdge, &3 FgoOdomgdols
Lohdstols  gomteobsgdbgs 9.0 bonoszl dom boBJstrgl, gfmogds
J06995(8037950 (s6183mmmbmdnco) 83s. dsgsmomse: (X, y, 2z, X'y, 2)=0.

o 83y EOmol  asbdsgmmdsdo  sé  o(zzmgds, g.0. o 3ol
3568 mmgdsdo  Om  gbsese 86 Ygeol,  3sTob Il gfmegds
b sombs@emo (b 30096506m376G0).

o 335 EOMol 3363s3mmmsTo o(33mgs dmzgdnmo Lsbom, g.0. o
3dol  3obBmmgdsdo O (bsese TFgreol,  3sFob Al gfmegds
333 b 330636700 (Bgemberdsn). sbigmos 3ds

f(x,y,z,t) =0.

VII SILOMAIS. ws70bm035070 6030009650 Faciocm0l Ferbs bmGmdobsomzol
33009890708 8 bs 3903s0bo, Hmd Jsbbq Jdmadmemo dsemadol Semem Jdao
092 ls_b9emols Beaemo.

07} 60300960 FadBomo FobskGotrmdsdos F |, F ., F | dsegdols
dmJdgegdom, d>3nb
F +F,+...+F,=0, sy TF,=0
0sg0lgsmo bogmogdo GgoBomal Fmbsliffmemdols 9gdmbggzsedo debby
Impgdnmo deggdol dMszsmg3gteo dg36memoas (Bsggdomas).
30J30  Iggdnmos  s@smsgolimasero  bogmogGo  [FaGGoemo, Gedgmos
FobsbGmeOmdsBos sy dmpgdngmo  sdoméo |E 1> |E Jpeees |E 2 doggdols

dngdgegdom. oy F9OBomBg  swgdmem  8dsl  Fggzmom Ggsiool N
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dogmom, 35306 FgdBomo Tgagodmos  asbzobomme  GmamE g msgzolmegsmo,

eIy dmddgegdgb |E 1> |E e F s N dogmgdo.
39-7 s Jbocmdols 0sbsbIse 33 FgOBomols Fmbslfmemdalsmzgals bs
FbOnmegl  3oGHmds:

F,+F,+. . +F +N=0, sy XF,+N =o0.
353sbssdy, 330330 bmas0m0 60300260 Gat800m0k
Ebs bGercrerdobsorz0l syr300m9390m08 08 bs 30560bo, Ged [Facidoc» &9 HMr/ﬂf](?o

SA8o0nG0 dsemadol s 98 00l dsemol avsdo 0gml bemol feaemo.
bogmoye  [Focdomms (bbggcms)  boblgdol [ebsbferdmmdobsmgols

bsgodems  bobdgdsdo  dgdsgsemo  mommymero  [aGdomo  (bbymero)  ogmb
ferbs bffercerds So.

§1.4. dSNL 333300 RISHIBI VS LN_dHGIIBI.
dO2OL S6STNB IS 353MLIBL3S

B396 Bgdmzomgo dsemals (36985, dogms [o®ImsEagbl 393 mal, Gmdgmbs
399hBb0s dmEgdols FgOBomoa, Lowawy s dodsGromgmgds. dogas d9godmgds
dnzgdgmo  ogmb  0dsgy  Igomeom, Gmam®;3  3sbolsbmzdgds  3gddmo.
babgememd®, bsgmmeeabsgm mg®dgdby dobo ggadamagdomn ©s deemals dmegdols
T9080mols 3pgdscgmdoon.

bBoBogol 83m3s6g80l $3mblbol sbsemo bmmo dgmmeo ©sdgsergdamos
©9»dby 96 LoddBggbyg domol ggadamols (3698By.

domol anadomo macddbq b gsmastramo bopowys,
GmIgmo ol dsmol Lopowobs ©s o3

dogmols dog® 096 dols ©sEgdom - B

30356309 gslosh  Fgagboemo  ymbols A %

3mLobybol 6sdGrsgemls: : - _':

393dx F = Fx=X=ab = |F |Cosa . 3 a 3 =
Oxy Lodtgggby dmmsgligdaemo F bob. 4.1

dogms 3g0dmagds 3393933000

bogmotreobsgm 0x  ©s 0y ogédgdby  (6s5.4.2). dogomgdo
6368X|E:FX:X:||E |COS(|E N X);

6368ylf :Fy:Yq:HE\Cos(lf,’\y) 4 - B
gmggmo F dogms  dgademgds § _73: —?i—— — 'C
Fo63mzsa06m0m Omgme  m6o  drggbgmo T J] 4 !
dogmols xsdo: |E =ﬁx+ﬁy, ot =z & =
(bosgy |EX=A6, |EY=A|5). 6b-4-2
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|E X @ lE y dsemgdo bowaon Boeas bs jmm®eabsgm mg@dgdby IE
dogmals Iglbsdsdalio ggadamgdols sdbmenn@o 36003bgmrmdgdols.  sdsbmsbsgy,
09 X 3y 096dgdol d3gbsggd0s | ©o J 39J@megd0, 35306

Fy=iF=iX, F,=jF=]Y; go F={X+]Y.

F dsmols Loogwy ||E|=.VX2+Y2.

3930330 §O®3sbgmnaligsh Mbes gege@homm dsemals agadogmo mg@dby
s dsmol dpanbgmo. dsmol ggadomo mg®dby - Lgems@rmmo boworgs, dsgmols
d39b9emo - 3addHmegmo Logogy.

Oxyz 1)036)(33'30 A GooBomby dmegdmemo F dogmols Esagadogmgods
3moeEobsBms  0xyz Lob@gdol  @gcdgdby
3g0dmgds 35635BmG309mmo Fqdgabsots:
F dogsl  xg6 3sg3g3domgdo  gOo-gGHm
b gmeateobsgm mg@dby (sgemomse 0z
0g6dby). 3900003, F dogosls

3939330930 ©36sABY6 MG mgedby m@MIszo
©s39330egd0ls Faboo (6sb.4.3): %96 o3
m60  gedol 393339 b gmmerabsdm

Loddrgggby (0Xy  bodédgggby), Gmdgmo
398G mmo  bopowpgs  (Geeasbsy gl ggadommo  bsbosmegds 36 JoOrBm
boowom, 363390 3 Lod®Bggdo dodstorgmadomss), bome  8qdmgy 3

39J806L  3sa9390ma3m  LoddBygby Begdstrg bszmmewabsgm 0Xy Lolggdols
0x s 0y @g@dgdby. dsemals ggadoemo 0Xy Lodér@ggby smzgbodbme m®dsgo

obegJlom.  a39469ds:
a5a80; F =|F | Sin0,
3939 oxy F= F
bogoon |FXY|=|F |COSG;

0 - 3mobgs F dogsls s Oxy  Loddgggl  Bmeol. @ -zmoby lEXY
39dB0ebs ©s 0X @g@dl Fmeol

ey F v 30d606b  gsggadomgbor 0xy  LodeibggBo domsgbgbys
306ebsHms 0X ©s 0y p6dgdby; 9 Foboo ws3gademadol Bgmgasr
U gombeabsdm mg6dgdby F  dsgmols agad0mgdo 0J6gbash:

X = Fx=2933 x F= 3929x F XY—\FXY\ COS(p—\F | Cos 0 - Cos ¢;

Y = Fy=3933 v F = 2339 F XY:|F XY|‘Sm(P:|F | Cos 0 - Sin ;

Z=F, =499, F =| F|Sin0 .
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o 935608l dstmgmmbs  JomGeabsgos  bobBgdol  mg@dgdols
339539008 gOmgNmmzsbo i, j , k 39JB™e980. 3s80b

F=iXx+jY+k z.

F dools Loworyg 3sdmomgmads gm@dnmon:
|F|=F = JX2+Y?+27 ;
boeme |E -0l dodsorgmgds asbalsbmzmgds gm@dnmgdon:
~ X ~ Y — Z
Cos(F *x)=— , Cos(F *yy= —, Cos(F rz)=—.
F F F

dogols  doge  gmmeEobsGms  mg@dgdmsb  dgeagbomo  gmobggdols
3mBoblbgdo s3ds9maz0mgdgb 3oMmdsls
Cos?(F ,~x) + Cos?(F y) + Cos?(F f2) = 1.
bsdo  gobosb  ©sdmyzoegdgmos  dbmmeme  m6o.  sdogmd Bog®3990
3560 370bs  3mmdEobsgos bob@ggdol mgedgdby dsmol ©sggadamgdols Ol
30%s63gFmbommos  asdmzoggbmo  dbmmme mco grmbg (B396l doge asbbogrme
F93mb393980 sbgmo 3mobggdos O s ¢ ).

§ 1.5 01933MI-NRT dS0S LOLSIBS.
SMRLIFIRNL S65NHB IS0 353MLIBL3S

wsgdoygbomo dsergdo gfmegdsm obyo dsemydl, Gedyeros
gdggdo gG0 [96GGom 8o 0439093056, 33 (9o oml gfmegds ms3dmgdmols
G906 Go.

0IMHIBS. 5590289 Imwadmemo os39matiocm dserms bolibads acoma
obgmo dsemols [eaemasbos, Gmdaemory [Beaemos  g390ms  d9dswa 269cm0 dsemadols
2903986000 3dobs s Jeradgemos 38 dseradol ms2dmyols 1396086 Fo.

©3dB303g9s: 3nd3se 0xyz Logd(3g8o Lbgmemby  mgdgegdls dsgmans
mo33m3€)0Qo hoh@afb F I(Xl’Yl‘ Z) , F (XY, Zy) ..., F XY, Z) .
3935bG0smmo gl dsgmgdo  msgasbmo  ggdggdols gslfgtog s dmgeme  dsmo

0530my0l A 3968630 dogorgdo 1)03603'30 960 Gaogomby  dmegdnm
dsgmos Lbolggdst. dsmo Fg309800 dogomgdo g0 R (X,Y, Z) dsemsl




R=F +F,+ . +F,, o §=Zﬁk, 5.1)
k=

3 R dosls gffmeagds msgdmymogno dsemgdols Beren fdgwo. msgdmydomo
dogmgdols Bomddgoo  Fgdeeagbgm  doggdby  sa9dmmo dsgnms
3Gs35ma 39600l hsdzgdo 39ddmeas.

Bmmddgeo gedmglsbmm sbsgmabn@sw.
39JB0Onmo semaqd®oEsb (36mdomos, Gm3  3905mGms xsdol g3g3d0cmo Gsody
@gadEy  eogmos  0dsgy  @gmdEy  dobsy@gdo  gadhmE d0l  gg8d0cngdol
3239860 xsdobs.  sBoed, o (5.1)  Fowmemdsl  wszsg9adomagdo

B gmmerabsgm mgtdgdby, dogomgdm:

X=X, +X, +...+X,, N X=) X,

Y=Y, +Y ,+ ... +Y Y, (5.2)

ns

Z=7 AZ,+...+Z,, z=> Z,

<
i ﬁ[\”4= o N

o] X, Y, Z §s63dmspaqgbgb F_é B Jdgeol agadomgol. Gee Jdgeals
bopoeg s 30dsermmgds asbalsbrmaggds gm@dnmgdon:

RER VX2 +Y2 422 = )OI X )P+ Q) + Q20 63

COS(F_é’Ax):%; Cos(ﬁ/\y):%’ COS(F_éAy)Ié.

o dmggdgmos bbgnmbg 0XY  Lodédgggdo 8mddgeo  mogdmgamo

dsgoans baliggds F (XY, F 20, Yo),... F (X, Y), 35806 (52) @ommbgdo
olsam 1)015315 300;{13686:

n
X=X, +X,+... 4X,, by X=D X
=S|

n
Y=Y +Y,+... +Y,, Y=Y, (5.4)
S|

s X, Y, Fo63maragbgb e Jdgeol a9adomgdb.
B Jdgeol bopowy ©s Jodsromgds asbalsbmgmgds gm@dnmgdon:

R=[RI=VX2+Y2 = [ X)) +QY,)’ (5.5)
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Cos(ﬁ,Ax)—%; Cos(li’\y)—YE.

SAMGBS6S 1. gobglobmghmmn F =106, F, =156 ©s F; =206
mogdmy@ogo  dogngdols  GmenJdgool  dmwyaols
Lbowogwy, 09 3bmdoaos RY:| dogn gdols
39JH™@gool  Bogd  goagboemo  ggmbggdo  0OX
mg@dmob: a; =30°, a, =45°, a, =60°.

33mblbs.  mogdmydogro  dsgngdol  Gean-Jdgoo
dognols 25635( 930l mobsbdsg:

F=F+F,+F,.
9L 39demOYmo  Goemds  ©ogoygadogmen  Lsgmm®wo-bo@dm
®gAdgdby.  dogmol  @gMdby ggadogmol  obdo®Bgool  msebobdsw
030692>:
X, = 298.F = F cos @, =10 cos 30° = 8,5;

X, = pgouF: = > cos @, =15 cos 45" ~10,6;
X, = 29005 = F, cos a; =20 cos 60° ~ 10;

Y, = 682)oylfl =F cos (90—, ) =10 cos 60° = 5;
Y, = 2000 F = F, cos(90-a, ) =15 cos 45° ~10,6;
Y; = 2080 = F; cos(90—a, ) =20 cos 30° 17,3,
bowo  (X,,Y,), (X,,Y,) @ (X,,Y,) dgbsdedolboe F.,F,,F,
doangdols ggadogdos Logmm@eobs@m @g@mdg-dby.
09 Gman Jdgoo IE dogrols  ag3doengdls Logmm@eobs@m mg@dgdby
>mgbodbogm X s Y—om, 3530b
X=X +X,+X;=85+10,6 +101 29,1
Y=Y+Y,+Y,=5+10,6+17,31 32,9
Losodmenmm, Gomeddgoo dosaols ooy Goeos
F=VX2 Y7 =(29,1) +(32,9)" [ 4.
3sbggbo: 44 b.
SAMGS6S 2. Jmpymomn  Amameo IE3 dogms  bps  Jmgmm,

0 ogdmydogn F,=26 o F,=46  doangol,
OmImgdboz 00X ©@gddmsb  sey9bgb  dglisdsdolsw
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a=30° o B=60° 39mbggdl, oly, GmI o3 Lodo dognols Gmen Jdgwo
04l 0-0ls Bmeno.
33mblbs.  30Mmdols msbsbdow

F+F+F=0.
09 Logmmboobsdmn oatdgdby FL, F, o F dsggool pga80mgdl
o@ab0dbogo (X ,Y,), (X,,Y,) ©o (X,,Y,)- oo, 35306 p39d690>
X, +X,+ X, =0
Y, +Y,+Y, =0.
X, = 298.F = F cosa@ =2 cos 30° [ 1,7;

X, =393 =F, cos f=4cos 60° =2;

Y, = 030w F: = Fi c0s (90 ~a) =2cos 60" =1
Y, = 2980 F, = F, cos(90— ) =4cos 30° [1 3,4;

X3 = —X1 — X2 =-1,7-2=-3,7;
Y3 = —Yl —Y2 =-1-3,4=-4,4.
Lodmamm, F3 dognol Loowols goblobsbwg@sgem 4391690

R = X2 4Y2 =(-3,7) +(4,4) 6.

3sbggbo: 6 b.

S3MBS6S 3. . Igod ULbgyabdg A FgdBomdo dmdgogdl me@o
F,=66 s F,=36 doams. domo  9gdggdo  dpgdocgmdgb  OXy
Lod®@ygdo.  aobglobwghmm o3  dogngdols

7= 398d0oagdol  xodo 0X @gddbyg, oy Jgmbg
T a=60°.

83mblbs. gndzom |E1 ©S |f2 dogn 90ls

39adogngdo 0X mg@dby  Igbsdsdobow Gmaros
X, © Xz—olj, dodob

X=X +X,
X, =8980 F = F cos (90" —a) =6 cos 30° [ 5,2;
X, =398 = F, cosa=3cos 60° =1,5.
Lodm@mm, 3391690

17



X=X +X,=52+1,5=6,7
3sbggbo: 6,7 b.

d3MBdBS 4. g Ubgyedg O [g@Goedo  dmJdgogdl
b BYgeo  mogdmydogo dogmms Lobggds F =16, F, =26, F, =36,
F, =46. 2obgbobmgBmm o3 dogngdols ggadoggdols
xodo 0y ©g@adbg, oy Inggdgmos  a=30°,
L =45°, y=60°.
88mblbs. gmdgom dmgdygao dogn gdols
39adogngdo 0y @gddby  dglodsdobo@  Gmaroos:
YI,YQ,Y3,Y4-015, d5dob

Y=Y +Y,+Y;+Y,

Y, =000 F = F c0s (90° —a) =1cos 60° =0, 5;
Y, = g)aaoylfz =F, cos (90° — ) =2cos 45° [ 1,4;
Y, =000 5 = F; cos (180° =) =3 cos 120° =-1,5;
Y, =200 F: = F, cos 180° =4 cos180° =— 4.
Lodm@mm, 33916905
Y=Y +Y,+Y;+Y,=0,5+1,4-1,5-4=-3,6.
3sbgbo: -3, 6 b.

S3MGBS6S 5. Jmgdygmro  dAOGYgEro  megdmy@ogo  doms
bobgdobomgol(B):  F =30 +4],F, =61 +2],F, =i —8] .
35b3bobgAMmm Fman Jdgoo dsaols Lowowy.

8dmblbs.  godgom, dmEgdne  dsgms  LolEgdol  Gmandgwos

|E(X,Y) , 35906 F =X +Y] . 0obobds@ BmenJdgools go6ds@@gdols
F=F+F+F=3-6+1)i +(4+2-8)j=-2i -2].
5Jgob 20dmdwobomyg dgodargds og{gmmn, @3
X=-2 Y=— 2.
BMe Jdgoo dognol Loowyg godmomgemgds Go@dyamom:
F =JX2+Y? =4+4=242023.
3obggbo: 2,8 b.

18



S3MBI6S 6. JoBhmgygmbs 0XYyZ jom@Eobs@ms LobEgdol bs-meggby
dmEgdyemos m@o E=5T+7T+9E ggolfz:—i—zi—}z dogma.

35b3Lob@wgAmm B Jdgoo dogools dog® Lo gmem®o-bo@m
®gAdgdmsb JgJdboemo jymbggdol jmlbobylgdo Lro-wog.
38mblibs. gmdgom, dmEgdym  dsgrms  LobEgdol  EGmenJdg-os

F ( X,Y.,Z ) , d5>dob F=Xi +YT + le . mogdmy@ogoo  doangbdols
BMeJdgools 3obdomBgools msbsbdsw

F=F+F =(5-3)1 +(7-2) 7 +(9-3)k =2i +5] +6K s]ges6
3odmdobs®g dgodangds ogfgdmm, @md

X =2 Y= 5 Z=6.
BMe Jdgoo dognol Loowyg yodmomgengds Go@dganom:

F=VX24Y24272=4+25+36=+/6508,1.
d0ds@m e gdols 3mbobyligdobsmgol 391690

cos(lf,f):éi 0,2467,
(

cos ﬁ,j):%m 0,6173,

cos(lf,IZ) :%D 0,7407.

SAMGBS6S 7. obglobwgdmn F =126, F, =106 s F =96
dogngdols  FmanJdgool  bowowg. GmIagdo
dogdgmos A FgohRoado olyg, Goamaag gb
bohggbgons bobobhby

38mblbs. oy  Foanddgoo  dosgmols  ©s
0 7 ¥ dmigdyeo dogngdols 15> 3MOAEO-bsF™
®gdgoby agadoargdo dgls-dsdolo Gmaros

F(X,Y,Z),R(X,.Y,,2)),F(X,.Y,,Z,), K, (X,.Y,, 2,

ry

g

35T0b

i
l
l

T
Il
+
+

05
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X=X +X,+X;
Y=Y +Y,+Y;;
=7 +71,+Z,.
X =og0eh =0, Yi=t00wFi =0 Z =000k =
=F cos90° =12 ;

X, = 03000 = Y, =203 =0 Z, =300 =0;
=F, cos180° =-10,
X3 = 2)82)0x F3 = 07 Y3 = 2)38)0y F3 = Z3 = 2)82)0x F3 = O

=F, cos180° =-9,
X=0-10+0=-10,
Y=0+0-9=-9,
Z=12+0+0=12.

BME Jdgoo dognols Lowowyg 0gbgde:

F=vX2+Y2+272=1100+81+144118
3slgbo. 18 6.

S3MBI6S 8. 2obglobwghmmn Logdigdo msgdmy®ommo  F =156,
Zj F, =206 o F, =256 dogngdols @oendgools
dmoamo, o9 F s F, doggdol  g9dg9d0l;
dogd  Logmm@pobs@m  mg@dgomsb  dgoagbogro
Jombggdo,  dgbsdosdobs  Fmenos  a=60° o
p=45°.

S8mbolibs. GmenJdgoo  dogrols s Lol-Ggdsdo

dgdogogmo  dogngdol  agadogngdo  dglsdsdobow
>mgbo'dbom

F(X,Y,Z), Fl(Xl,Yl,Zl), FZ(XZ,Yz,Zz), F3(X3,Y3,Z3) —00.
AMeJdgoo dognols 3obdomBgdol mobosbdsw
F=F+F +F,.
‘Ygbsdodobow g39J69ds
X=X +X,+ XY =Y, +Y,+Y;Z2=2,+2,+2Z,.
X, =890 oxF = F cos(90° —a) =15c0s30° [112,8;

20



—

Y, = Méoylf:F cosa =15c0s60° =7,5;
2, =398 0.F =0;

X, =392 oxF> = F c0s90° =20;
V=300 0P =00 Z,=003 0.5 =0
X5 =393 oxFs = 0;
Y =398 oyF = F; c0s(90° — B) =25co0s45° [117,5;
Z, =293 o,F, =F, cos f=25cos45 =17,5;

X =12,8+20+0=32,8;
Y=7,5+0+17,5=25;
Z=0+0+17,5=17,5.

BMe Jdgoo dognols Loowyg 0gbgds:

F=VX2 Y2422 = [(32,8) +25°+(17,5)" [ 44,8

3sbgbo. 44,8 6.

§ 1. 6. 01833MISHNR 3SMS LOLGIINL
VMBSLT MO MY

0339 9r00m _ dsemoms bolii§adol Fmbs bGmemdolbsomzol sy soemadacmos s

bs 13sG0bo, Gmd  Jsmo e ddamo  baemols Beremo ogml:. R = 0. 9L 306mds
Fg0dmgds 3sdmzbsmm Mo gmGdoo:

1. agmdgdGonmaee gl 6036s3l, Gm3 mszdmytom deggdby sg3gdmmo
dogros IMsgsmazgteo  Bsggdomo mbos ogmls;

2. 0xyz Logé3g30 msgdmgdomo dsgmos boliBgdal Fobslfmmmdol
36semab@o 306mds 33sdmagl:

RI=VX24+Y2 427 = [OX) + Q) +(XZ,)" =o.

Bsopsba(s X=0, Y=0, Z=0

21



86 D X, = Z Y, = Z Z,= (6.1)
2]

ab 336 memgdgdn Vo(‘)amo;gaaﬁali o3dmytiogno  dsgmgdols
065 bGmGBmdol 356/80m0ma393L Lost(3990.
8 I 3°(3I
OXy Lodégggdo osgdmgomo  dsmms  Lob@gdal  (mbslfeordmdols

3bsmob o 3oOmds sligmos:

RI=VX7+Y2 = JO X))+ QY -
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s X @gfdo 86 w0l A s B §go@omgdby gedsgsemo  Feggals
doromdo.
FobsbGmdmdol 83 30603930l as3mygbgdalisl dmbebgebgdgmas
33968)9d0b (396G sGRgnm ofbsl obgmo A s B {gé@omado,
OmImgdby(3 3o@0sb (3bmdo dsgmgdo, dsgemomse Mgsdool dsegmgdo.
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dgzb60dbmm, God o X mghdo AB feOgol dseromdmmos, 35806
(22.5)  396Bmemgdgdo 36 0690056 FebslFmOmdol s zdséobo  3ocHmdgdo,
Gpasbsz 93 F93mbgg3580 dsemas Loliggds dgodmgds ©s304356m0 BmeJdge
dsmsbyg, Gmdmols 3dg ool A s B {godomgdby.

a) 0xy Lodéd@gyggbg Oy oghdol 3sGomgmaé domms
Lob@gdobsmgol Gmbslfodmdal (22.3) as6@memgdgéo doomgdgb
3gdga babgl:

Y Fy =0, Y x¢Fx =0.

! 0. Loddgggby 3scemamgco  degmgdolsmgol  Fmbslfmemdol

336@8)memgdgd0 godmgds Bsoffg@ml Bgdrgao Lebomss:

L,=Y08m3,Fy =0, Ly=Yd8mdz F =0,
3ds3g @Omb A s B Fg6domgéo 36 qbes Ipgds®rgmdebyb  deggdol
3s@smamg® foggby.

SAMBI6S 1. BC =8 3 lLogedol s G = 8 36 Gebols
96m3356m3s60  dgmo A FodomBo  Bedsg@gdnmoas  Lsbl®om, bome B
dmmmno 94Obmds Logmdsgl, Omdmols  Lodérd gy EsbAomos
3m60bmbBobspdo o =30° gnobom. dgmby dmJ3gegdg6 P =10 36 dsems, M
=6 363 dmdgbgol dJmby Fygomdsems s FOgagzo 3sbmboo  gsbsfFomgdnmo
sB3060m3s sJbodsermto 068g6Logmdon B, =2 36/3; PB=60°% BD=AC=
33. a36Lsbmzegm A s B Logdogbms Ggsdiogdo.

SABLES . gsbzobogwmo  BC dgmol  Feobslfmermds;  dslby

dmddgregdl  9Bnsmme  dmpgdmgmo IS dogms,  Fyzomdsms - M 3m3g68)00,
096l Gobs G, Inegdgmo mgeol s 0 FgodomBo. sacdgmzy FOHxg030

i

A "/ 1mo:c
< P& ¢
M

a*d

E\ & v g

A7 4% |8

irs/; B (o] x
A

P o
XA

K [+

bsb. 25
396mbom  asbsFomgdnmo  ©sBzo0mzs, GmImols Bmedgeas Q= 0,5-AC.

Opmax = 3 36,
030 dmegdnmos K g6 omdo, bepsy KC=1-AC=13.
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dgemo  3336msz0lnmmo 3dd0Lsgsb. dgmbg 0dmddgregdl bsgmmsgals
695Jiools ﬁB dogs, Gm3gemoagy bsgm®sgol bsgdwgbo Loddgol ds@rommdamas.

3nJdgegdl sadgozg mddszo A Lsblscol @gsiools F_éA dogms,  Gemdemols
bopory ©5 30dst0rgmgds Fobslfed mibmdos. omeabsgos 0Xy Lolggdols
X ©g®do dozdstrmmn dgmol aslf3doz 3mGobmbBsmnmse, bome Yy mg6do

3968035 M Bggom.  dsTab R, dogos  Jgagzodmos  sgdemmm  sd
3MOOEbsBms  @gAdgdols  SsGremgmmn® XA s VA dgbgmgdse. sbems
dgemo 3ga30dmas asbzabommm, Gmame g [mbsbfmmmbsdo dygmeo msgobygsmo
dgetro  Lbgmemo, Gmdgmbgi;  9mddgegdgb 9o Loddgggdo  asbmeggdnmo
6mdoma IS , G, (5 dogmgdo, M 3mdgb@ol Fyzomdsms ©s bmdo dsegngdo

R, XA’ YA' 9:0. 33m(3365 LsBogndee as6bsbog@nmos (633935009) .
3939030600 FobsbGmoOmdol  asbBmmgdgdo. dmdgbBgdol  (396@ G
30b563gfmbogos  sg0@Bomm Fge@omo, Lepsz msgl oghol g0 Gomegbmdal
16030 dsems. gBm-gHmo sbgmos B §addoma. Fyzomdsmol bs3690 39dme0
6ol Beagmos, sdoBmd dolo ggadomo  6780Ldogd  mg@dby  bymols Bmeos,
boge  FggoemdegmsBo dgdsgemmo  dsggdol  dmdgbBgdol xsdo  bgdoldogdo

Too ool dodstro Gmmos §ggoemdsgmals dmdgb@olss.
Febs GOm0l 3363 memgoqgdos:

X, =0; X,+ P- Cosp + Ry - Sina. =0; (s)
2Y,.=0; Y,—Q-G-P-Sinp + Ry Cosa =0; )
>Ls=0; P-BE+G-B0-Y,BA+QBK-M=0. )

Ao bsbsbowst As6l BE=BD - Sinf=2,58; B0=4; BA=5; BK=7.

(3) 3963 mmgdorst: Y= 14,58 36

(3) 396Bmmgdowsb: Rg= 5,86 36;

(s) 36Bmmgdosb 1 X,=-793 56.

Ry= X2 +Y2=/(=7.93)* +(14,58)> = 16,82

SAMBI6S 2. goblobmgmgmn bobobby godmbsbyemo  3mblm-goydo
dgenols  Rodog@gdols  godiEogoo, oy
dobby o g- 399l q=1,5(;6/8

qd
m 063 9bb0gMmdol Mmebsd@o@asbsf o goy-
—_] ~ @0 Qo@)goﬁ)mgjo, F 24‘56-01) Amero

’,X\ / F Vgga@lbygeo  dogns > M =2363
y‘ s N dm89b@ol 3Jmby Fygoemdogms.
' o) N\ sdmblbs.  sdmEobols  s3mloblbgasw

993500060 Loobyo-®0dm L Jgdo.

ﬂt dgeno 300mdomo as535bmsgoliyggemm
_ F '
X
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43gb0-boob s  dmgomen  dgbsdsdobo  @gsdizool  dogngdo.  gmm@-
obs@ms  Lomsgg  sgodbomm A {9dGomdo s  ®g@dgdo  olg
d0gdoMmnmm, Amam®i bobsbbgs bobggbgdo. A FgdBomTdo 9353l
bob@o (gmblm@gdo) hodog®gds, Gmdgamoi aodm-Goibogh Lbyygarols
4mggeags®  dmd@omdsls =  aossao-ggdsls s gdmd@mybgdsls,
sdo@dmd  hodop@gdyen  bofobg  dmddgoo  @gojiool  dsengdo

‘dgo3ge0goosh  g@mo RA 6go-J300L  dogrom s MABMSQG(’)OB
dJmbyg  gohmo  Fygoando-grom.  domo  JodsBmyergdgdo  yibemdos.
53 dogmm dogms Mm@ XA ©5 YA dygbgamgdop. Slig, Gmd A
Logdegbdo ag5-J3b bsdo 9iEbmdo Lowogyg XA, YA ©S MA.

AB ¢1056%g 4 06@gblogmdols mobs®o@ gobsfomgdyamo ws@-godmgs

936300 G Jdgoo dognom:
Q=q-AB=1,5-3=4,546.

Qdop\vm dogdgeos AB 9ds560ls Igo FgdGogndo. dgenbg dmdgwo
b By dognms  LobEgdobomgol ©og{gdmen Fm-bsbfm@mdol bsdo
3obBmengds.  dggbodbmm, @md Jmdgb-Gms  (39bH@s  godbggzm od
Vo dogol, dmdgandoi dgBo gEbmdo dsgrols ydg googarol, Gowasb
Lgomodygao  dmdgbGol  mgoligdol aodm o3 Fg@Gogol  dodoGm
93bmo  dosgmms  dmdgbHgdo bymols Gmaos. Sbgm  (39b6HGs©  Sgo-
ahggo A (gadoml. Fmbol{mamdol aob@mengdgdls slgmo  Lobg
9Jbgdom:

D> X, =0 X, —Fcos45 =0; (1)
DY, =0; Y, —Q+Fsin45 =0; (2)
DMy =0 M,+Q:L5+M—F-5sin45 =0. ( 3 )

30639e00 3obGmegdosb dogowgdm:

V2

X, =Fcos45 = 47D 2,8 3b.
dgmarg 2obBmen gdoesb dJogowmgdm:
V2

YA :Q—I:Sil'l‘|'5o :4,5—47D 1,7 66

dgbodg obHmagdosb dogowgdm:
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M,=F-5sin45-Q-1,5-M :4,5-g—4,5-1.5—

—2[15,25 gb.

XA, YA ©> MA domgdyero 3b0dgbganmdgdo  @ogbomos. gl go
035%g doygmomgdl, @md hggbls dog® o3 doangdolis-mgol s®hgyeo
dodsdmygagdgdo gdmbgggs dom bsdwgoa dJods@mygmrgdgol.

S3MEBI6S 3. bowoli oFymdobsl Lododm aobws bowols  ¢9@dol ABC
boFogols  oFgs  Lodo  dogodols  Lodygomgdom  olg, @mamag gL
bohggbgdos bobosbbg. 9g@dol 53 bofoaol Fmbss 42 6, boam
L0ddodol 396¢®0 Igds@mgmdl D Fg@@owdo. bmdogros, @md AD =
4 3, DB = 2 3, BF = 1 3. 2oblobpgdhgm dogodgdol makodyenmdgdo,
099 AC 3m@0bmb@ogy@os.

83mblbs: gobgobognmm bowols ABC bofogmol  fmbobfm@mds o
393505309 Bmmm 030 3dgooloysh.  ¢g@mIsby dmJdgrgdls Loddodol

ﬁdog@o s> dogodgddo  osmdd o ﬁA, ﬁBQoﬁc Agodiools
dogngdo.  dggoeaobmm  Fmbosl{memdol gob@mangdgdo. ImdgbEgdols

(395pMoE o;;()éﬂommﬁBQo ﬁc 095J300l dogngdols 93ydggdols aoes-

1
]
v
1
Pv i

\;/
33900l E  §gd@o-aro, @opgob o3 F9oBoeol  dodo®o  domo

dmdgb@gdo bymols Fmaos.
Fbslfm@mbols aob@mengdgdos:

57



3
ZXK =0; R,c0s90° +Pcos90 —R; cos60° +R. cos45° =0,

n=1

3
ZYk =0; R,cos0r+ Pcos180° +R; cos30° +R. cos45 =0,

n=1

3
> Mg =0; R,-AF—P-DF =0.
=1

Lol gdol gods@m@oggdols dgdpgy Bogomgdo:
—R; cos60° +R. cos45° =0,
R,—P+R; cos30° +R. cos45° =0,
RA-AF—P-DFZO.

AF =AD+DB+BF =73, DF = DB+ BF =34.
R, = P-DF _ 4,23 1,8 4.
AF
Lol gdol 3oMggemo gob@magdowsb ag5]3l, @ma
R, =v2-R..
hoglgoom gl 860dgbganmds 3gmeg aob@mengdsdo.  g9]6gds:
1,8—4,2+£RC +£ R. =0,
2
2-2,4
R. =————=01,2;6, R, [11,736.
NN d B d
AF = AD + DB +BF =73, DF = DB + BF =34.
R, = P-DF _ 4,2-3 ~1,8 46.
AF

3sbggbo: RA =8 d6, RC 01, 2(36, RB 0 1,766
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§ 1.23. 63301L30de» LO3HGND dS0)S LOLGINL
YMESLY(MHMBS

30J390, Loghg80 degdscrg dgstr Lbymemby  dmddgregdl degmos
609 Lolig)gds:.

F I(XlaYlsZI) s FZ(X29Y2322)3'-~, I:n (Xn 9Yn sZn)
dogos dmzgdnmo Lob@gdol bsz@gdo 39ddmdo ogml FX,Y.2), boeme
6336980 39dBmOmmo dmdgbdo 0 Lsmszols dodstron ogels L,(@LyLy,L).

0IM&IA3S. dsevons  6980bdoatro  bol§adols Embs bGercremdobsomz0l

33002890708 8 bs 10s0bo  bolidadol  b6s:6930  3948mG0 s by 365950
294800 Idabrio  Geadacmods 13967860 Jodsor ogml bmemol Beremo

F=0, L,=0. (23.1)

o

9 306mdgd0 a9adomgddo sbg Bsofggds:
X=0, Y =0, Z=0,
Ly=0, Ly=0, L,=0. (23.2)
07 353m3097693m dsgrms 6980bdog@o Laliggdols 6536930 39JGHme0l (12.1)
s 63360980 39d@mcnmo 3m3gbBol (12.3) sbamabn® gsdmbebzsl, 35806 (23.2)
Bmmedgdo sbgo Lebgl doowmgdgb:

n n
ZXKv =0, Z Vi —2Y) =0,

k= k=

n n

D Y. =0, D WZ-zY)=0, (233)
2] 2]

n n

Z Z¢=0, z (XY - viX,)-= 0.

S} 2}

gl asbBmmgdgdo  FoMdmspagbgb 690l doge Logéd oo
domms Lol @Bgdol FobolbfTmomodmdol gobmmagdgdl
©935608ol  JsOrmzmgnbs jnmeeabsgms LolBgdsdo. o] XK » Yk » Zg 56056
|E g 950l dmpgdol Agx  Faodomol someEobsBgdo, bome Xy Yy , Zy
stosb  F ¢ dogols ggadamgdo jom®Eobsms mg@dgdby.

33335650, Logh3gdo dgsd  Lbgnemby Imddgoo dsmms  bydaldogeo
Lobggdols Gmbslfmemdol sdm3sbals gsbbomgols @A™l Bggzadmoas Bgzseanbmm
FebslGmOmdol 9d3bo asbBmemgds. gb 60dbsgls, Gm3d Bgaz0dmas 3s63Lsbmzmm

930 936mdo Lowory. 0 s@0dmhbes, GmI Im39dnm $dm(3865T0 335943  943bby
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dgBo Ebmdo ooy, 3580b sbgm  8dm(30bsl  FmEgégd LB ooz e
© 963393 %67 LEepogncee asbnqlebmagm sdem3sbsls.

396dm Fgdmbgggzs: 3s O e mgm e domas Lolb@gds.

30J390, Logd(3990 dc(399m0s
3o6smam@  dogmos  Lobggds.  mm®eabs@os
Lobggds olg dgzsdbomm, o3 960-9600
3mOOEobsBms  mgedo, zodzso 0z og®do
30335600 33 dosgmgdal s gmm@ae.  ds3ob,
(23.3) 3363mmgdgdoesd  doopgds Lo g &
Ggdo 3sBomygmygtGo dsmpygdol
[erbs bFercmdols  gobigeremgdgdo -

n

n n
ZFK=0> ZYKFK= 0, ZZKFKZO
k= k= k=
3530bssdy,  Logdomo 3sGemgemn®o dsegdol Fmbslfmemdalsmgol

803008908 s 18 13860bo, 83 doemqdol wsdo ogml bmemol Bmemo s
domadol  dsbrommdnmo ™o Lo 300600658 mqa®dols  dodsdo  dsemadols
dm3d96i8980L %830 (33em-(39em 39 0943696 byemals Bmembo.

‘33603369. bgdmm domgdmma FobslGmOrmdol  gsbBmemagdgdo
Fo63maranbgb msgolngsmo dgsto Lbgmmol Fobslfm®mdols asb@memndqdl
Logd(3930.

o gobomsgm s O s msgolggeomo Lbgygmol
FebsbGmdOmdsl, Lsgodms gl Lbgmmo asgsmsgolgnmmn 3dgd0lasb, g.0. 3350
F93G39mmm 3ol Ggsdool  degmgdom.  3s80b Lbgmembg dmegdme sJ@on®
dogdl ogdedgdem Ggediools dsmgdoz ©s dogms gl Lolb@gds «bes ogmls
GobslGmemdsdo.

33MBI6S 1. G Fmbol ghmagsdmgsbo ABCD ms®m dmeo-
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