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bob. 1. 3obogasesbsGobo @m@dbGogo Lsdsgodmm dmdLsm@ggo
5650350 Bs3g@om jmbG@osbo 3bowo dsyodom:

1 — boSdpmmos6o x>m@53d5M0; 2 — doBomswo bsFggo dsyodo; 3, 6, 7 —
Rem@gdo; 4, 5 — ©sILISGY LoFggo d5300950; 8 - doMomswo Fbogo dsgoto;
9, 21 — gHNES@0560 LsGgodmm deomgzo; 10 — gdogs, 11 — Lsbgdo; 12 —
900500560 daoemgo; 13, 14 — 356dbmmmgdnmo dewmzgdo; 15, 19 — danemggdo;
16, 17 — 3033>Gmggemo dgmeggdo; 18 — bASbbyaro 39ds60b30o; 20 — Bsgg@oe-
396@9®0560 dbowo dsgoto; 22 — Bs3Kgdo; 23, 24 — 3533900



‘dgddbogros sbhogno 2ob0gaoslo@dobo Ladogo®m Jndlsm@ggo
sbsways@ol Lgds, @mdganToi ho@mygeos hoggdow 3mbdg®osbo dmddsgo
dbowo  bdogodo  (bob. 1).

3560g3505L5GS60 LddSa00m dMALsn@ggo EsbsEy>MOL KSmsFd@Ol
Fa30L dogmol 35b6Lobmgds Bgheemddy Jzggoesbh bggom gsb og GOSLSIwg
Im@ogo bob  ImANGggol AL . Sbomo Jgonmeogol bogydgge by
Lodog00m sboas®gdols xomsddb@ols Lofggo dogodgbobsmgols
doJLodognyy@o Losbyo®odm (gg0l dognol aoblsbrmg@ols dobbom
‘dgagbognos dmd@smdols bgdgdo. mommgyer Jgdsdo omagboanos
dmegdols FgdO@oggdo, Lowsi swodg@gds Fobss@dwgaymdbols dogngdo.

3ob0ga005LoBb0 ho3gB o 30b@YM05bo doq0@-denm 3@o Lodsyo®m
Jo@bom®ggo obswys@om 35 %00 obMogr BgAHOMdby Jodm@ggol
Ba9dbmamyoydo 3GmEglols 306ggao, 4gg9eoby Gmygmo Mm3gAsEos s@ol
Lo( 930 dogo®om Jmd@oao bol Jggzosb bggom powssaomgds (bob. 2).

dod@oao boli ©sdgs®gdyeo, mobsds®o LobJs@om yomsswyoagdols
b, Fobosomdpgamd ol bmdobsgny@o  dsgngdo (gd@oggddo  I-XII
056205M03gds RMAI Y0 gdom:
[-S, =W, =0sina +wcosa;
0=200039; @=0,6; a=35°
n-S,=8+wW,, =5, +G,L,(sina + o, cosa);
G,=0,453p; L, =709; o =9 =50°% w, =0,1;
-8, =8, +W,, =8, +S,0, =S,,(1+ w,);
IV-8y=8Sy; +W,, =8, +G,L,(w, cosa +sina);
L, =1009; a=0%
V-8,=8y+W;, =8y +Syo, =S, (1+0,);
VI-S,, =S, +W,; =8, +G,Ly(w, cosa —sina);
Ly, =1009; o =25
VII-Sy, =Sy, + W, =S, + S0, =S, 1+ w,);
VI =Sy =Sy + W, =Sy +GLy(sina + o, cosa);
L., =103; o =90°

(1)

IX =S =Sy +Wsa =Sy + Sym@, = Sy (1 +@,);

X=8y=8Sx+W,, =8 +G,L,(sina +w, cosar);
L, =2508; o =35%

XI-8 =8 + W, =8 + S0, =S, (1+w,);

XI=Syy =8, +W,, =Sy +G, Ly, (@, cosa —sina);
L, =203; o=30%




bob. 2. 5, & — 3560ga5@5LG60 Lsdsy0Hm Im@LsNGIgo ©S6sEySGOL

332930L Lgds:
> — ImgGomo bob J3g30056 bggomn ggHmdby Im@n@ggol GASLY;

3 — BB5boby obmspgdgmo Fobsswdmgy@mdol dsgmgdol EXII
Impgdol Fgd@omgdo.

bowo3z Ly, Ly, Ly, Ly, Ly, Ly —356dogngdo Foboo@dwgamdol dogngdols
dmegdols FgOEogdl dmdols, d.

QA gddo (1) @oibgomo 360d3bgamdgbols holidom dogowgdm,
Amd Jod@oao bol ©sIgo®gdymo, msbsdo®o Lohds®omn gows seaoagdols
Ol I §go@omosh, g.0. x0@300s6 Lofggo dogodol @manby
doVyomdol XII Fgo@omsdpg Fobss@dogamdols dsgngdos:



Sxu =W AW + W + Wy + W, + W+ W+ W, + W, +
W, s+ W, s+ W, =2130+26+216+4,5+238+2,93+
+262+4,5+288,5+73,7+325-3,72=3567 g,

doJLodognyy@o dogms, @mdganoi  Fo@dmowygbl 1 -XII §g@@oegddo
dogdygeo dogngdols xodl I §g@@omosb XII §g@@Gomols hosmgenom
Sy =3567 3.

3o0bgoMm0dgdol Imbo(39d9d0wab 2dmdwobadyg, B gdbmermaoy®o
30m39Lol 3o@g9em0 doGomswo M3gMmszool sbbm@0ga gdols @AM,
‘dgehggeoos 11 33 gggmol LoFggo dogodo s xosdd@ol ddsgs 11330
Loddensg@om.

3ob0gaosloBobo ho3g@ o 30b@By@osbo bodogo®m ©sbswas®ols
L JgdoTo gogg0560 LoFggo dopo®ol sd@9bgds Bygbsgoxby Imd@omo bols
sdmbsbowso bom@zogmgds bgemomn (bob. 3). Bygbsgoxyby bygemom
sllod@Ybgdaow Lodo®m dogns o@ol Foboowdwgamdbol dogngdols xsdo 1
V9o @omopsb I dobg dofyomdols XI §g@@ogsdwyg. Fobosomdpgymdgdols,
oby (930l dognols dsJlbodsanydo d60dgbganmds I §gd@ogopsb XI
VadHogol  Bomganon yobolisbeg@gds gggms Vad@Howdo dmwegdgeo
Fobss@dwgamdols dogngdols dgxsdgdom, @Gmdagdo osbysmodgds
QMO0 gdom:

-8, =W, :le‘fOZ_l:; h=12-13;G, =3203p; f, =0.15;

d, =0,053; D, = 6,338;
n-S,=8+W,, =8, +G Ly (sina+w,cosa);
G, =0,453; L, =209; w,=0,1; o =30
OI-8, =8, +W;, =8, +S,0, =5, (1+®,);

V-8, =S, +W,, =S, +G,L, (0w, cosa —sina); 2)
L, =2503; o =35%
V=8, =8y +W;, =8y +Syo, =S (1 +,);
VI-S,, =8, +W,;, =8, +G,L,, (®,cosa —sina);
L, =103; a=90%
VII=S8yy =Sy + W5 =8y +5y0, =S, (1+ 0,);
VIHI-S, =Sy + W, =Sy + G, L (sina + o, cosa);
L, =1003; a =25




IX=8x=Syy +W4 =Sy, + Symo, = Sy + a’z);
X=8=8x+W,s =S +GL,(sina +w, cosa);

L, =1009; o =0°%
XI-8y, =84 +W,s =8 + S0, =S, (1+w,);

2)

PN

T T2z

(e

S)

65b. 3. 5, & — 3560ga505L5G60 Bs3gGom3MbGAMS60 dsaoB-dme Ao
Lodog00m Im@OLsn@ggze ©S6SEESMOL jgmggol bgds:
S — 35330560 LoFggo 353000l Ggglsgogby bgmoom 9356 ©S6G9bgdols
A®SLS; & — GASLobY gdobedygdmo Fobssedpgamdol dsgngdols
IXI 3mpgdol Fgo@omgdo

xod9@0 Foboomdwgamdol sbao@odol @Ml dmbsFogngmdsls
0gbd@mdgb (ga@omgdo IV, V, VI, VII, VIII, IX, X ©s XL
Sxi =Wos + Wiy + Wy s + Wiy + Wy + W + W s + W s =

—4,5+0,5-4,5+0,05+9+0,96+9+2=2151 30223,

dogowgm, @mI  GYgbogoxzby  dJmd@oan  bglbomsb Lofggo dogodols

10



Eolod®bgdas® olis(yoldo I9dsd ¢bos wodmoml 22 3
Fobss@dwgymds, @o3 LOYmos @goy@os.
dod@oao boli s@smobsds®o Lohdo®om gowoseaommg dob wOml  —
5000056 sdg@ol dmdgbddo, I Tgh@ogowsb XII §g@d@ogsdwg
06g® 300l dogngdols yomgoeolfobgdom [obsomdwgamdols dsangdos:
Sy =W AW, + W, AW AW, W, + W+ W+ W, , +

AW, AW s+ W s+ W, =2130+68+26+222+4,5+245+

+3+270+4,5+297+74+335-4=3675 ;3.

dogomgm, @md Foboomdwgamdgdols xod9@ doggdl dm@ols
QgOmdby J3g300b bggom dmk@omo boli gopsswyomgdbsbyg 0bg® (300l
doangbdols aogmgomolifobgdasm Sy =3567 3o, aomgogolifobgdom 36753y,
2oblbgoggods 99dbodgbganms. ofgosb gsdmdwobody, Lofggo dogomols
339000 ©0539H®0 > xosdd@ol dhsgol boddansgdg o®dbgds
JCIRIRO-

3560g3505b5@S60 LdS0H™ FMALsMMgzo ESbSEYSMOL XSmOl
Fa30L dogmol 35b6Lobmg@ds gobogo  dodsBngmgdomn GASLSIEY Fdgdol
6553050530090 dad>MgMd>To FMmBMAgzol OML . yobgobommn
©sdbdo®g m3g@sios (bob. 4), Mo mogol dbcMog omgoolifobgol Lofggo
b52000L 3o33bg x0ddo@om  hoddyemo Jm@ol of 3ol o gowoygebols
bobgg®omes 3ogdygen dpamds@gmdsdo. smbodbymmo sdbdodmg m3g@si0ls
AOOL BOsloby (bob. 4 ) 9bos go@somsbml Fobsomdpgamdgdo 1
V90@o@o©sb, 56y dmdowsb XI {g@@omols hosmgemom, bo{ggo dogodols
©o@by dofyemdol FaoHomsdey.

onV. :
gt

0 =2000p; a=90%n, =0,6; V, , =0,53/§3; =3(0;

-8, =8,+"W,, =8, +S0, =5,(1+w,);

m-S,=8,+WwW,, =S, +G,L,(sina + o, cosa);, 4)
G, =0,453; L, =1009; w,=0,1; a=0°

V=8 =8y + W, =Sy + Sy, =Sy (1+@,);

V-8, =Sy +W,, =Sy +G,Ly (v, cosa —sina);
L, =1003; o =2°%

[-S, =W, +W,, =0n,(sina +w, cosa) +

11



VI-S,, =S8, +W,; =8, +S,0, =S, (1+w,);

VII-Sy, =Sy, +W,;, =S, +G,L, (sina + @, cosa);
L, =103; a=90°%

VII=Syy =Sy + W3y = Syy +Sy@, = Sy (1+ @,);

IX=S8Sx =Syu +W,4 =Sy +G.Ly (sina + o, cosa); 4)
L, =2508; a =35%

X =8y =8x + W5 =Sk +Sx0, = Sy 1+ @,);

XI-8y, =Sx +W,, =S4 +G,L,(w, cosa —sina);

L, =203; o =30°.

6ob. 4. 5, 3 — 35bogaoEsLsGS60 B gGom 3MbE G560 dsgod-dme gt
Lodog00m ImALsn@ggo S6sEasMOl jgmggol bgds:
> — bdFggo 3530600l dmdBsmdol G@SLS Im@ol bobgg@dom-
0530090 7m JEamd>MHgmdsTo 3osggsbol AmML; 3 — G@SLSBY
35bmog g0 gm0 Fobssmdpgamdols dsggdol EXI dmpgdols
Faddosmgso

12



I $90@0mmosb bofggo dspo®ol wmenbyg dofyomdol XI §gd@osdwg
Fobss@dwgamdols dogngdos:

Sxt =W ¥ Was AWy + W + Wiy + Wy + Wiy + Wy + W5 +
W, W, s+ W, =1200+20+122+4,5+134,7+2,93+148,4 +

+4,5+163,7+73,7+187—-4=2057 3p.
sdbdotyg m3g@Mo300l 2obbm@A 09 gdoll @AM Fobsomdwgamdols
xody@o dogns Sy =2057 3.
50b0dbyeoEsb godmdwobomy, gowgdm 8 33 339mol Lofgg dogodls
> xosdd@ol dhogol 7,5 336 Loddgnsg@om.
Foboomdpgymdols dogngdo I -XXIII g@@ogngddo (bob. 5) dgmmg

do@oms© G®SLabg @0l msbsdo®o Lohds®omn dmd@smdol @AM
05620M0dgds RMAI Y0 gdom:

I-S, =W/ :jGﬂfOZ—V"’; J=12-13; G, =250 ja;
kil

So=0,15; d, =0,04 3 D =0,285 3;
n-S,=8+wW,, =5,+G,L,,(sina + w, cosa),

G, =03 305 Ly; =209; o, =0,1; a =30
HI=S8y =8y +W;, =S, + S0, =S, (1+@,);
V-8, =8,+W,, =S, +G,L,(w,cosa —sina) =

=S, +G,L,(w cosa—sina),
L, =2509; a =35°% w, =0,1, o, =0,2;
V=8, =8y +W;, =S8y +Syo, =Sy (1+0,);
VI-Sy, =S8, +W,; =8, +G,L(w,cosa —sina) =
=S, -G,L, sina; (5)
L, =103; a =90°%
VII=Sy; =Sy + W5 =Sy + Sy, =Sy (1+0,);
VIII-Sy =Sy + W, =Sy + G, Ly (sina + o, cosa);
L, =100 3; o =2
IX=Sx =Sym + W4 = Sym + Sym@, = Sy (1+ @,);
X=8y=8x+W,s =S +G,L,(sina +w, cosa) =
=Sy +G,Lyw,,L; =100 3; o =0°;
XI=8y =Sy +W, e + Wi, =S¢ +G;Ly (sina + w, cosa) +
+0nw; =Sy +(G;L,, +0n))os;
Ly, =400 9; o =0° G, =0,63 3p; n, =0,6; w; =0,01;
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X =S8y =85 +Wss + W5, =Sy + S50 + Ty 05 =
=Sx + (Sx + Ty
X =Sy = Sxy +Ws + W5, = Sxu + Sxun + Sxn@s + T3 =
=Sy + Sxi + Txy )33
XIV =Sy = Sxm + Wz = Sxu + 9n,0;
XV-=8w =Sxv +W,, =S4 + G, L, (sina + o, cosa) =
=Sy +GLyo,; L, =1003; a =0°;
XVI=S8yy =Sxv + W57 = Sxy +Sxv @, = Sxy 1+ @,);
XVII=Syvy =Sy ¥ W, =Sy + G Ly (0, cosa —sinar);
L, =1008; a =2° (&)
XVII=Syyiy = Sxvin +Was = Sxvi T Sxvn = Sxvn 1+ @,);
XIX=Sxx = Sxvin + Wao = Sxym + GiLyy (sina + @, cosa) =
= Sxvm + G Ly sina;
L, =103; a =90°%
XX =8xx = Sxx ¥ W35 = Sxix + Sxix @, = Sxx (1+@,);
XXI =Sy =Sxx + W, 10 =Sxx + G,Ly (sina + w, cosa);
L, =250 9; o =35° G, =0,45 3p;
XX =Syxn = Sxxt ¥ W10 = Sxxa + Sxxa @2 = S (1 +@,);
XXM =Syxm = Sxxn + Waii = Sxxn + G Ly (@, cosa —sinar);
Ly, =20 3; a =30°.

I $9o@0mosb Los@go@mem mabg bofggo dogodols 30§ yomdols
XXIII §go@ogsdpg Ggoomols msbsdosdo LohJs@om dmd@smdols @Ml
Foboo@dogamdols dogngdos:
Sxxn =Ws AWy + Wy + Wy A Wy + Wy s + Wy + Wy + W + W 5 +

+ W2.6 + W6.2 + I/V3.5 + W7.1 + VV&G + W7<1 + W6.3 + W2.7 + VV3.7 + W2.8 +
W o AW g + W + W, 0 + W 00 + W, =6,3+35+0,98+3+0,3—

-3+0,03+7,04+0,74+3+252+12+0,26+51+0,77+51+
+480+4,5+61,4+293+68+4,5+75,05+73,7+90-3,72 =996 3.

dogomgm, @md Ggdbmmmaon®o 3GmEglbols dgmeg dodomswo
39300, 3g@dme Im @0l 3ob0gaosolo@eb dbow dogodby
bobgg®os0egdye doamds®gmdsdo Lsdsgo@m sbswys®ol doomsw
B®sbodeg Jmmncggol wOml, bof gy emmbg dJofyomdols XXIII
F90Boedo xodygdo Fobsomdmgamdols dogns Sy =996 3, godbggm 6 99 -
0560 33gmols Lo gg 0200l o xogsddb@ols ddogol 7.5 336 Loddasg@om.
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%1
-
= T

vt/
Z{\-’m /

) XVII

.y 11
,\)\liI 1 y

i~

VI Xvi

65b. 5. 5, 6 — 35608a505LSGS60 BS3gGHOmINbG A0S0 dsgoB-dme gg@o

Lodog00m ImALsn@gge S6sEasMOl jgmggol bgds:
> — B53gdom 306G @056 Iboe d5306bg bobgg@oewsJowgdym
93350 g@mdsTo ydobogo 30dsGMYmgdon Fedgdol Im@nGggol

ASLS; 3 — GASLObY gobadygdmo Fobssedpgamdol dsgngdols
I-XXTI 3epgdol Fgd@omgdo

doJLodoenyy@o Fobsodogamdols dogrols Losbyo®odme Lodo@ms

30300350l Fobmm 0bg@zo0l dsangdo I, XI, XIV §g@@0agddo ©s
ok0dgemdols dogngdo XII o XII §gaEoe gddo.

dgme g do@omso Mm39As3E0ol xodydo Fobsomdwgamdols dogrgdols

boobgo®odm gm@dgergdo doowgdgb dgdegy Lobgl:
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d, 0,7G,D:m
LS, == G fy e
) 9159

J'=125 G, =250 ga; f, =0,15 d,=0,043; D, =0,285 3;

n, =335 d64/fos R, =0,1425 3 1 =33,
n-S,=S8,+w,, =S,+G,L,(sina +m, cosar),

G,=03 32 Ly, =209; a=20°% w,=0,];
-8, =8, +W,, =S, +S,0, =S,(1+w,);
V-8, =8S,+W,, =S, +G,L,(w,cosa —sina) =G,L,;

a =90°;
V=8, =8y +W;, =8y +Syw, =Sy (1+a,);
VI-§,, =S, +W,; =8, +G,L,,(w,cosa —sina) =
=S, -G,Ly,sina=S,-G,L,; a=90%
VII-Sy, =Sy, +W,5, =8, +Sy0, =S, (1+w,);
VIHI-Sy, =Sy +W,, =Sy + G, L, (sina + @, cosa) =
=Sy +G, L (sina+w,cosaxr); Ly, =100 3; o =2° w, =0,2;
X =8 =Sym + W54 = Sy + Syu@, =Sy (1+ @,);
IX-8y =S +W,s =S +G,L,(sina+w,cosa) =
=Sy +G, L0, a=0%

XI=8 =8 +W, e +Ws, +W,, =Sy +G;Ly 0, + Ono; +
+ (Gl ;in)V““?’ ; G, =0,6 305 Ly =400 3; , =0,01; n, =0,6;
X =S8y =Sy + Wy s + W3 = Sxq + Sx 05 + Tyy0; =

=Sy + (S + Ty Ty =5100 32
XM= Sy =Sxu + W6 + W, = Sxyn + Sxu®@; + Ty, =

= Sxn + (Sxu + Txn) @53

XIV-Syv =Sxu +Ws3 +W,, =Sy +On,00 + %,
n, =0,4;
XV-=Sw =Sy +W,; =Sy +GL,(sina + w, cosa) =
=Sy +GL,0,; aa=0%
XVI=Sxv =Sxv + W37 = Sxv + Sxy®, = Sy (1+ @,);
XVII =Sy =Sy +Wog =Sy + G Ly (@, cosa —sina);
L,=1008; a =2°%
XVII=Syyi = Sxvn + Ws5 = Sxvn + Sxvn®@2 = Sxyn (1+@,);
XIX=Syx =Sxvm + Wro = Sxym + G Ly (sina + o, cosa) =
=Syvm +G,Lyysina; L, =108; a =90

(6)
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XX =Sxx =Sxx +Ws9 = Sxix + Sxix®; = Sxx 1+ @,);

XXI=Syx =Sxx W, 10 =Sxx + G,Ly (sina + o, cosa); o =35

XXII- Sxxu = SXXI + Wv}lo = Sxx1 + Sxx1a)2 = SXXI (I+ a)z); (6)

XXM = Syx = Sxx + W11 = Sxxn + Gi Ly (@, cosa —sina);
L, =20 3; a=30°.

IV §g0@omowsb Lof g0 dogodol wmanbg dofyomdols XXIII

F90Boesdog 0bg@ool doangdols ©s hoggBow 3mb@g®osbo Ibowo
b520M0L okodyemdols yomgogolifobgbomn [obss@dwgaymdols dogngdos

SXXIII = W2.2 + VV32 + W2.3 + I/V3.3 + W2.4 + W;A + WZ.S + W2.6 + W().Z +
+ W441 + VV:’&.S + W7.l + VV&() + W7.1 + W6.3 + W4.2 + W2.7 + W3.7 + W2.8 +
+ VVZ’&.S + W2.9 + W;.9 + WZ.IO + I/VS.IO + W2.11 =3+ 053 -3+ 0’03 +

+7,04+0,74+3+252+12+24,7+0,5+51+1,02+51+480 +
+14+4,5+652+2,93+72+4,5+79,6 +74+95-4=1041 3.
dogogm, @md Gygbogoaby by -Gyob Jndo@ysol Gagbmmmyoydo

30m39Lol dgm@g doGomswo m3g@siools, 390dme dm@ol gobogo
dodo@m e gdom hoggBoe $6@M0sb Ibow dogodby bobgg@domws owgdye
damdo®gmdsdo Ladsgo®m sbsyos®ol doMoms GEAsLodwy
30550 g0l @AML Fo  boowdegamdol dosgnols 360dgbgarmds IV
V9o @omopsb XXII §g@@omols hsmgenom dogodmols ©s Bgo®mols
0bg@300l dogngdols gomgoolfobgdomn dgoagbl Sy =1041 3o, bmeom
dom 2oM9dg Bg00mols Mmobsdbodo LohJo®om owssmaomgdols @M
Syx =996 3o, 35bLbgoggds dom dm@ols ¢dbodgbganmes.

50b0dbyeoEsb 0dmdEobody, gBM3gdm 3ggmols Lofgg dogodl s
Ko odd@0l ddsgols 7,5 333 Loddansg®oo.

03059 dgomeogol bagydggmby §oGoMgon yodmggeggel, sebotfiro
Badbmemyoy@o 3GmEglol dgm@g doGomswo m3gHsEools 3o3gosbo
Lo{gg0 d52000L Bygbogoxnyd g ©sd@9bgdols wMmb. LJgdobyg (bob. 6)
aodmbabymo g39bgeoll §@sbol dobgogomn glbobwg@ogm (obosswdogaym -
dg60l doengdls I §g@@oaowsb, 569 Lofggo @meowsb 939bgaol wmanbyg
doVyomdol XXII §g@@ogols hsmganoom:
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XXI SN Al

65b. 6. 5, 3 — 3560g35@5L>GS60 b5 JgBom 3MbE @560 dsg0d-de j@o
Lodog00m ImALsn@ggzo S6sEESMOL jgmggol bgds: > — 3dggosbo
LoFgg0 353000l 939Lgmol 350000 BYglsgsxgby sdG96gdols
ADSLS; 3 — GASLObY gdobedygdmo Fobssedmga®dol dsgngdols
IXXT 3mpgdol Fgd@omgdo

=, = W+ W= G, f, L LT GDLm
Dy, Ry,,,4g30¢
Jj=125; G, =320 go; D, =0,3303; d, =0,053;
fo=015; t=3 {3;
n-S,=8,+wW,, =S,+G,Ly,(sina + o, cosa), (7)
G, =0,45 305 L, =209; a=30% w,=0,1;
=S8y =Sy + W, =S, + 8,0, =S, (1+0,);
V-8, =Sy, +W,, =S8, +G,L, (0w, cosa —sina);
L, =250 3; a=35%

bo(gg0 dogoMo ©ogdggds Byol aM9bdby s Gm@Iygas dJoomgdl dgdwgy
Lobgl
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V-8, =8,+W,, =S, +G,L,, sinc;
L, =103 a=90%
V=8, =8y +W;, =8y +Syw, =Sy (1+0,);
VI-S,, =S8, +W,, =S, +G,L (0, cosa —sina) =
=S, -G L, sina; o =90°%
VII-Sy, =Sy +W;; =8, +Sy,0, =S, (1 +,);
VIHI-S,; =Sy +W,, =Sy + G, Ly (sina + o, cosar);
L, =100 9; a =2°%
Lo 930 dog0M0 sgdggds Gyol g@9bdbg wo Gm@IYPs Joowgdls
dgdg Lobgl
VIHI-S,, =Sy, +W,, =Sy + G Ly (sina + o, cosar);
a=0°% w =0,2;
IX=8x = Svu + W54 = Sy +Sym@, = Sy (1+@,);
X=8, =S +W,s =S +G,L,(sina + ®, cosa);
od dgdmbgggedosz Lo ggo dogodo ©sgdggds Gyol a®9b@ by s
5306909
X=8=8Sx+W,s =S +GL,(sina +®, cosax) =
=Sx +G Lo, a=0% L, =100 9;
XI-8y, =Sy +W,+W,; =S4 +G, Ly, (sina + w; cosar) +
+ G3LVIIvaoE‘) — SX + G3LVHCO3 + G3LVIII/15¢?) ;
gt gt
G, =0,63 305 Ly; =400 9; ¢ =0%V,,, =0,59/{3; w,=0,01;
X =S8y =Sx +Wys + Wy =Sy + S5 + Ty =
=S8y +(Sx +Txy)os; Ty =5100 g3
XHI=Syy =Sy +Ws + W, =Sxn + Sxn@; + Ty@; =
= Sy + (S + Ty,
XIV=Syy =S +W,7 =Sy + G,L, (sina + w, cosa);
a=0% L;=1003; w,=01; G,=03 3;
XV =S8y =Sy + W57 =Sxy + Sxv @, = Sy 1+ @,);
XVI=8; =Sy + W, =Sy +G,L, (w, cosa —sina);
o =25
XVII= Sy = Syt +Ws5 = Sy + Sxui®@, = Sxyi(1+@,);
XVII=Syvin = Sxvi + Wao = Sxyn + G, L,y (sina + m, cosa) =
=Sy +G,Lysina =Sy, +G,L;  a=90%
XIX = Sxix = Sxvin ¥ Ws9 = Sxvm + Sxvm@: = Sxym (1 + @, );
XX =Sy =Sxix ¥ W, 10 =Sxx + G,L, (sina + o, cosa);
L, =2508; o =35%

(7)
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XXI=Syq =Sxx T W310 =Sxx +Sxx @, =Sy (1 + @,);
XX = Syxn =Sxa * Wo1y =S + G, Ly, (0, cosa —sina); (7)
Ly, =20 3; a=30°.
dogogm, @md GHygbogogby dodmdyzol Hgbogmyogdo 3Gmg glols
dgmeg do@omso Mm3gasiEool, 3g@Mdmo 3oggosbo Lofggo oo godol 356
©3609bgbols, 569 9ddo Lgemoli yobbm®Eogegbol WML, Go3 LOYmEgds
39do60bgdgao Fgbow 939bgmol @meols godmygbgdom IV §gdGomomsb
XXII §ga@oaols, 5b9 939bgeol wmabg dofyomdols §g@@ogsdoy
Fobss@dwgamdols dogngdos:
St =Woy v Wy + Wy + Wiy + W, + W W s + W, + W, s +
AW AW AW+ W AW, AW + W + W o+ W, +
W+ W, W, 0 + W, =4,5+0,45-4,5+0,05+
+10,57+1,11+9+2,52+4,284+0,28+51+0,79+51+3+
+13,41+1,95+14,94+3+16,74 + 49,16 + 23,33 - 2,48 = 254,1 30.
Fobss@degymdols (g@@omgddo I -XXII xodgco dogns XXII
T9mB0oeTo, 0b6gM00L dogngdols gomgogolifobgdom Gmenos 254 ja.
5Jgob 2odm doboty, Lofggo dopo@ols wosdg@do @hgds sdbdomy
3905300l dgdmbgggsdo 8 33, bmerem d@sgs 7.5 330-
356033505b5@S60 LdSg0Hm FMALsMMgzo ESbSEYSMOL Ko STdMOl
Fa30lL dogmol 3obLobmgds GASLSIY,  3gaPregdoEst Imdndgymo by -

Agol dges LoFgmdby hsdmTggdol 56 SHowgol @™l SN TS
Aadbmemyoydo LJgdowsb godmdwobsdy ,  dowogdmosh Fyglogoxnby

Ba9dbmemyoy@o 3GmEglols dgbedy JoGoms® Mm3gAsEosl Fomdmoa9bls
AOLIPY 3390 60056 JB M@ g0 d9309@sl bgos Lofymdby
hodmdggds ob sbowgs. gl Mm3g@oios LOYm©gds G30®mols  Joeosbow
9H035bg Wo0©gd Y doamdomgmdsdo. smbodbyeo JoMomswo Mm3gMsiEools
YgbOgengdedwg Lakodms Ggodmol, dgz@gmsl babom g9@@0goey@s
oF 935 30330560 LoFggo dopo®ol g@ogzol deomzol hoddgmdo
sx0JboMgdsdwy.

Aa9dbmemyoy@o 3OmEglol sdbdsmg m3g@siools bjgdowsb (bob. 7)
0033935 @m3 FggOgmsl §goHo  gomyg@dar Sfggol @Ml agodgh
Joboomdpgymdols  dogngdols  gdgbo  (g@@ogo. T Tgd@oedo  bpgds
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J&‘:@v&

6ob. 7. 5, 3 — 3560g35@5L>GS60 Lddsyodm Fedbsn®ggo ©sSbs©ys@Ol

33%2930L 1Jgds: & — g@ogzol dgegol hsdZgHTo EsLsgoJLoGgdms©

93095l ggPA0I @YAS® OSSP dol GASLY; & — GOSLSYY

356539090 Fobsomdpgamdol dogmgdol FVI dmpgdols Fgd@omgdo
‘d930 9ol 5Q0moEsb ©sdgMs s ggaR 0 omP®s© of g3 g®ogol
dodo@m e gdom. 53 M3gAo300l 2obbm@ 09 gdoll @AML, Fobsswdgymdols
xodg@ dogools gbobmg®ogm  0bg@E0ol dognol gomgomolifobgdom, @og
5 353doMgoymos 930 gmsl saomosb odg@slmsb. I-VI §g@@ o 9ddo
Fobss@dwgamdols dogngdols Losbaos®odm gm@dygegdos:

|14
[-S, =W, +W,, =0,(sina +wcosa) +—Q1 th ;
b4
0, =3000 3o =90% V, , =0,25 /%3 0=0,6; t =3 {3; (8)

M-8, =8 +W,, =5 +80, =5,(1+w,);
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=Sy =Sy + W5, =S, + S0, =S (1+0,);
V-8, =8,+W,, =8, +G,L,(sina + w, cosa);
a=35°% L, =2509; w,=0,1 (8)
V=8, =8y +W; =8y +Syw, =Sy (1+,);
VI-S,, =S, +W,, =S, +G,L, (v, cosa —sina);
o =30°% Ly, =209.
A300m0L 39O E03o@YMS© JoEsoy0gdol  EAML, HOsLaby 1 -VI

F90Boagddo Fobsswdogamdols degngdos:

S =Wes +Wos A Wy Wiy + W + Wiy + W) =
=3000+25,5+302,6 +333+73,7+373-4=4104 3p.
dogomgm, M3 sdbdodg m3g@siools gy gdols @AM, 390d Mo,

Lodogomm sbsas®ol doMomse GEAsLody, 3390 o006 JoGm®gyao
d930gsl sbofggoe o Lafggo dogodol goggol y@dogzol deoem jdo
slogoJbodgdasw, (obss@dwgamdbol dognol wody®o Lowowyg VI
F90Boado, s@ol 4104 3o. o3 dgdmbgggodo Foboomdwgamdol xody®
dogngdls dm@ol ¢360dgbgerm aoblbgoggdol aodm, olggg Gmym@3
30039800 doMomso Mm3gAsiEool dgbdygmgdol W™ — 3567 323 3B™mggdm
11 33 33900l LoFgg dopodl s xogsdd@ols ddogol 11 333 Loddgrsg@oom.
bobobby 8, Fomdmwygbogos dJm@m@ggol @gdbmamayoydo
30m3gLol glody doGomswo M3gMs30s, 3g@dme, g@ogol danm ol
hodkg®do woxz0dlo®gdyeo dgg@ ol yoposyomagds, 35 °-om ob@oan
dbo dsp0 ObY Jgg30006 bgzom, 3es@Bmbg gobenoygdygmo bgws
Lo{ygmdolsggh, Lowsi gowoli 03@mAYgbsbowo dogol@@sama®o gbs
3°dM3033800m0 ©s A5bgLobwgdmm Fobssmdwgamdols dogngdo 1 -IV

Voo Hog o do:

-8, =W, +W,, =0, (sinax + @, cosa) + —Q‘V;““ ;
&
0, =3000p; a =35°% w, =0,01; V,_, =0,5/¢9;
n-S,=8,+w,, =S, +G,L,(sina +w, cosa); )

G, =0,4530; L, =250 3p; o =355
=Sy, =S, +W,, =S, +S5,0, =S,(1+w,);
IV-S8Sy =Sy +W,, =S +G,Ly, (0, cosa —sina);
L, =209; w, =0,1; a=30%

dogomgm, @md @gdbmmmaondo 3GmEglbols dgbsdy d 0M0MSWO
03905300, 3gMdme 3O msmo @osGgoMmymo gdozol Ibow dogomby
J3930056 bggom o@ssaomgdols @AMl dmJdgro Fobssmdmgamdoligdgdos:

Sy =W, + W s + W, + W, +W,, =1745+51+73,7+187 - 4,4 = 2052 3q.
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6ob. 8. 5, 3 — 356083505L5G60 Lodsgotm ImALsMAgge bSOl
33%2930L 1Jgds: 5 — GO PO YHogol Jgggowst bggom
3OS>EA0mgdol GASLY; & — GASLOYY gdobdygdmo
Fobsomdpgamdol dogngdol HIV dmpgdol §gd@ommgdo

3000, [oboomdwgamdol xodyg®o dogns IV Voo @ogndo
S,y =2052 33, go®bggm 8 33 33gmol LoFgg dopodl > xosdd@ols

daogol 11 333 Loddgnsg®oo.

9JL39®03g6@ o bsfoao

3ob0ga005LoBsbo Lodogo®m dm@lon®ggo obsas®ol hsjgdogn -
30690560 Jmd@sgo Ibowo dogo®ol hsgowyemdols oMol 2sblsbmgdol
dobbom ho@osdgdygemos gdl3g@modgbBmo 3gergggoo o3 dOM@sy@ol
Lo@yggem 9obol bogm®m§dobpol Lo@dygmdo. @ gJdbogmos dbowo dogomols
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hog9Boer 3mb@gdosbo  dmwgano, hsjgdomo 3mbByg®ols Loa®dg ozgergds
50, 60, 75 s 100 3 -0l goGaagddo, beognm hofg@Fgdyeo Bg0Mmo

0330 gds 1000, 1500 o 2000 ga-ob go®aengddo.

9JU39603gb@gd0l hobis@Bodgd @oe  hoggBow 3mb@y®osbo Ibowo
o000 okodyermds oigangds 5000, 7500, 100004y-0l godpegddo.

Fobslifo® dmdbowgdyer 1000, 1500 6 2000 g -056 Fmbol Im@l
X000 33009096 ho3gB 0w 30b@ @056 Ibo dogodbg dognols dsdo
bobgg®osoegdya doamds®gmdsdo; oJgosb godmdoobs® 9, dbow
3520019 ©o30090y9e JamdoMgmdsdo sedmhbogds 600, 900 56 1200 3
do@ols §mbols bsfogo.

9JL39M0dgb@ Yo yodmygmgzgdo 3rgdol Loboom Jodwobs@gmdls
‘d93gaboods: 30950 ofygds  — 50 3 Log@dol dogrolomgol, Gm@3s
sk0dgemds — 5000 o -0o: 3900 Godwgds 600, 900 ws 12 00 3o
53 300m35bg, mommgymo sAZoMmmgol WAML 0bmdgds dogodols
hogoaemdols Lowowggdo s dg@sbognos 3bGog 90do  sbognmpoy®o
(30950 hoGo®gdyeos 7500 3o ©s 10000 3 dogrom dbowo dogo®ols
ok0dgemdols @M.

9JL39M0dgb@yano 3393900 ho@o@gdaaos 16,5 3 339000
05393 @0l dogodby.

0d63900396H g0 3393900l 5©0g33oHINMdOL @sbowalipy@gdemsw,
65O ™o hoBomgdymos mgm@oygmo asdmggergggdo Ibowo dogo@olsmgols
3o@56m@ols dgmmeon (bob.  9) hsgoygamdol ol®ols dbodgbganmdgdols
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Abstract

The problem, discussed in the thesis is associated to the difficulties of
technological process of lumber processing  on Georgian hilly cutting areas. This
mentioned problem is not an only one and includes the questions regarding the
ecologically safe technologies and log  -pulling technique requiring theoretical and
experimental researches for processing and creating the modern technologies and log -
pulling technique.

On the basis of the modern analysis one has justifies expediency of log-pulling
process in lumber processing on hilly cutting areas, using the wide -carrying cableway
log-pulling adjustments.

On the basis of analyzing research methods of existing technologies,
technological schedules and log -pulling machineries one has elaborated new original
methods of constructing the theoretical and experimental research for processing the
advanced technologies, technological schedules and for creating the modernized, new
wide-carrying cableway log-pulling adjustments.

One has elabor ated N7a ecologically safe technological scheme of complex
mechanization of log -pulling working process on hilly cutting area, providing
characteristics regarding the challenges of difficult cutting area of different
inclination, one has selected he machin eries and decided the documented sequence of
log-pulling technological process.

One has created new side  -carrying cableway log -pulling adjustment with
closed-contour movable haul rope.

On the basis of the research method for each main operation of log -pulling
technological process, with the purpose of determining the traction power in haul
rope, one has done the schedules of cable moving on traces and established the points
of raising the resistance forces; by sequence gathering the resistance powers, we ge  t
the intensity of maximal accounting total traction for each operation in traction cables,
foreseeing the inertia forces as well without them;

During the first operation of technological process as well during log -pulling
on the cut tree plain from the bottom towards the top with equal speed, from I point up
to XII one, maximal volume of traction power in traction cable is equal to 3567 kg,
and foreseeing the inertia powers — 3675 kg; for both cases from the schedules is
selected the traction cable of 11 mm cut diameter and electric motor of the winch with
11 kw.

- The first supporting operation foresees moving the knots in semi-hanging position,
during implementation of which it is necessary 2057 kg and during implementing
the second main operation- 1041 kg inertia forces; in such case one has selected 8
mm diameter traction cable and 7,5 kw winch electric motor;

- Maximal traction power for holding the third additional operation, lifting the knots
and taking into the hanging position is equal to 4101 kg, and d uring the main
operation — 2052 kg, corresponding to 1 1mm traction cable and 11 kw winch
electric motor.

Therefore, during determining the log -pulling technological process on 25 °©
inclined plain, from three main operation researches it becomes clear thatm  aximal
traction power on log -pulling has been developing during the first operation 3672 kg
and during implementing the third additional operation 4104 kg; Following from here
the cableway adjustment is equipped with 11 mm diameter traction rope, 8§ mm
backsliding cable, 13 mm haul rope and 11 kw winch electric motor — 1500 rotation in
a minute.
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From the experimental researches one has established:

- For 13 mm diameter closed -contour haul rope, in case of vertebras of maximal
longitude and loading, log -pulling process, regarding increasing the hanging
arrow, is impossible; For eradicating the above  -mentioned, it is recommended
necessity of using 15 mm and sometimes 16,5 mm diameter haul rope;

- It is established, that volumes of hanging arrow, gained from the exp eriment, by
the view of increasing, differs from the same volumes gained by the parabola
method, caused by double longitude of closed  -contour haul rope, what is not
foreseen during researching by parabola method;

- One has elaborated the methodic of determin ing the parameters of closed -contour
moving haul rope of the wide -carrying cable log -pulling adjustment; it is
established that values of the hanging arrows of the haul rope must not exceed
0,02-0,03 of vertebra longitude.

In the work on the basis  of theo retical and experimental researches one has
certified the advantage of wide -carrying cable log -pulling adjustments equipped with
closed-contour haul rope on high-mountain cutting areas comparing to other cableway
adjustments and log -pulling aggregations; a n important technical problem is decided
and necessity of wide -spreading of the above -mentioned log -pulling adjustments is
recommended.
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