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t]. L'roroB
HauioHanr,urii yHiBepcli,l.er "JILBiBc6(a nonirexEiKa"

AHAJ'II3 TA .IIOC,IIIAXEHHTI CIIOCOEY BCTAHOBJIEIIH-I
3IIIMA-TIbHI{X KAMEP BINHOCHO OPI€HTYIOIII4X NPI{CTPOIB

@ frolnoe 8.,2005

ITpednazaemar awutas cno&r6a ))ahaqosr<u c beiroqHo, Ko,uept oml ocuttetbEo

opaeHmupytougzo ycrllportcmga. Ilp sede a a Puoptra, o4eflxa fioqtrccma cnoco64' Komo|t(ttt

6 nomteqL no cmpozrLn alopttln&rt. nenatumct cooheemcsltor4ae ebreoiht.

Anallsis of the t ethod of establishme t of surveJirtg cLmera rclating to orienti g device is

consiilcreil in the paper, A priori accuracJ eraluation of the method ilnplemented using rigotous

formulns is described. The ptoper conclusions Lre made.

IlocraHoaxa tpoorenx' Cl,otoaHi und)poBi deMerpltqHi Ka,"lepl{ 3Hairxnll 3acrocyB?lH}u B 6arar6ox

rarry3fi HapoaHoro rocnoAapcTBa, uo npHBo/xluc6 ao pi3HoMagiTrflrx po3po6ok qu$poBux +oloTeoaoniTjB Ha

6asi uu$poam I€Mop m rmaoniTiB, a mKox cnocodiB yaocKoltaJegHt roqlocri Ta oneparuBrlocri

opiernyBaHHr nptlraAiB i apaxycauru cucrevaruqllll}i nox[6oK cl'rc'l€lvl- Ou(e, AocrirxeEHt ciroco6y AacrB

3MOry BCTaHOBrrru TOgHi XapaMerpI, a BiATaK njARHrqmlj roqHjcrL 3anponorloBal{oro cnoco6y

3Btr3o( fu Barrs.|nBuntfi fiayl$BnMu iI npaI{:Tq'InIlMn ]aBAaHHqMu. Aocnir2K()HHt ta aHanb caoco6y

agrasoBier{Hr rptilposux :nina,rsnr-rx xaN{ep BiaHocHo opiem}'}or{ux npucrpolB 3uaq[o po3ttMpnrb

3aqoq/tsaEHx qttopoBoro Sormeo.loniTltolo 3HiMaHrn y pi3soMaliNtrx rajry3tx Hal4ol i TexHiK .

ni,qBuD{!fir npoAl,l<|lrsHicrr' eiAnoei,qnux npoercHo apxiTcn'rypHtrx cnopya. iHrl€HcpHo-6yAiBe[6H]D( po6iT,

nprl Burxy(yBaHHi ,rBroMo6hLBux Aopir ra 3atbrlaqHtrx kotii y rop6t crii ra ripcEKii NlicrcBocri ronlo [3]

AIIa,,ri3 ocraduix aocfli,qrReHb ra ny6JIilcaqii, nprcBflqeHHx BspiIIIeIIrlIo qiei npo6tenrr' y
po6ori [1] 3arpoloHoBaHo cnoci6 3'eaHaHHt ufi4)poBoi KaMep]i 3 TeoaoJliTolr T-30 3a 4onoMororc

MexaHiqHoro xpinreHHq. ABTopI4 3Bepralorb yBary rla re, qo np 3atrpirrsHt{i KaMepfi ao 3oposoi rpy6u

TeoAoriTa "BorieBrAI' BlrHItKa€ Aet(a H€napMer'ILHicr! j'x onruqlllix ocei Ta noBopol rcavepr y n''rorqarri

3HiMKa Hasontrbcc cfloco6h BtllHJ'le lHt nonpaRoK B e,qeveatn tonsiulnloto oDjchIyBaHltt Ia

3a3HagaerLc9, rlo BCi CnOcO6fi e nonhoBrMri, OAnar rexrrororiuua cxeMa 3anpotoHoBaltux cnoco6iB

BuMarae BiAnoBiAHoro 'Iacy Di,q qac BtlKoHallrlt not6oBtx po6ir'. To6To He € oneparttBHorc' OKpiM Toro'

niA uac nrjxoaaul],r O,JrcTeoaotiTHoro 3HiMaHlL B 3aKprrrux pedorrax' Hanptixna!' npra ruivauni



190 feaAxin, Kapmozpa$i, i aepoponsqit aHHs. Bun. 66. 2005

apxireKrypHtix cnopy! ra Bl{lrpiulHix iHTep'epiB Ta r A qac KoporKo6a3!'IcHoi ibororpaMMerpii

3ae6irr,ulolo HeNrae Nroxnfisocri Bri6paxt Bi/lllaleHi 06'eKTn.
y ny6riKaqii I5l aaeeAeuo KaMcparIEHr''i cnoci6 (a{i6pyBaHHt 3HiM?.nbHlrx quopoBux xaMep. 13

qiero Mero$ 3ascocoByerbcr r{erfieBa nrlariBKa 500x500x5 MM, y tldii 3{axoafiBca 792 o'tBoptr (24x33)

.qiaMe'rpoNr 3 vrr i: rpoxor"r 15:uu- llocaiAxerrur DposoA .l1Ircc raneporo Kodak 660 (Oo(ycHa Biaa?t'16

20 Mn), 3uiMarrr{r BuKorryB:Lnoc6 Ha BoclMlr crarlltiqx t tg,Totrr (oHBepreHqiiro 300- BiacraHB ao 116'eKTa

3HiMaHru 6yna Bi,u[oBiaHo 2 ,fa 0,5 M- (DyIrKLtioHarLHa 3ane]KtlicrB ylvloBa KoMrtaHapHocri Ao
neaoniKiB cnoco6y Heo6xiaHo BinHecru roqrricrl' po3TauryBaHHt Katti6pyBanLllhx ro'loK Ha MaKeri

(0,01 Mit, a, o(pirl Toro, BrnlrB KopeirtqifiHt 3B'e3KiB nplt po3B't3yBaHHi ctcreMx piBlltHE, nro

3Harrsoro Mipop cnorBoploe Be"'ruquHr'r oJreMesriB opieHTyBaHHq.

Y po6ori 16l aHanori.tlro, tk i B fioficpernii, nponotyer6ct 3acrocoByBarfi KaMepMBnIrii cnoci6

KaJri6pyBaHHr qn4)poBr.rx :niua,rr,nr,rx xanaep. Anrop nponolryc nuuiptru B cor[ o6'€KriB na vicqceocrj

Ta cKJlalaf4 pjButHHr BiAHocHo Bricolt $ororpaoyBaHHq ra BiAEotl]etrut Brcor o6'€r(TiB. y I{boMy

B{naAKy nponoEy€Tbcr Br{r(opric'IoByBaTr:i yMoB} Kolli}reapHocri. oaHax. tK i B nonepeadEoMy BUnaqKy,

BnnuB Kope-lrrliiHr,rx sB'r3KiB npltBoltnl.| !o FIeBenHKoi ToqHocri Bh3HaqeHLlt npocropoBix KoopAI'IHaa

roqor{ Ha MicrteBocri mx = 0,I M, my = 0,04 M, mz = 0,08 N{, ant BiAcraHi Ao o6'eKra 3-2 NL

HeB[piureHi .racrnrrH garar'lbHoi npo6',l€M'r. Bu3HaqesHt 'r'ortfficHlrx napaMerpiB 3anpofloHo-

BaHoto crroco6y, a raKo)K acraHoallenlrr rexfiororirrHux l"loxcrluBocreii Bnt(opucraHHt llri{bpoBux iForo-

TeoAoJriTtxx c&creM, ulo Aacrb 3lrory y no.qzrnBuo\{y BpaxyBa cncTeMarlrqHi noxu6Ku crcrcMn-

flocraHoBRa 3rBAaH{fl. Auanb cfioco6y BcratloBteHHt tlt{(bpoB!{x i(aMep BitlfioeHo opi€HTylot]oro

npr.IcTporo BxMara€:

- BunopficroByroqf crpoli $op,vya . Bn3Hd,rHTr cepe!Hi KBaqparxqHi noxn6xx llryKaHlrx

BOflnqrrH 3a BciNla apryMcsraMu;

- Ha riAcTaRi orpxMaHax pe3yrETariB npoBecrH aHar'113 Berlx'lr-{H crocoBHo EnBaIeHHt cucTcMa-

T[qfiax nox[6oK Ta clloco6lt ycyHcHHt ii BnnfiBy Ha ocTaToqHrlii pe3]'x6TaT,

Brlrraa ocnoBuoro lrarepiany. KoporKo HaraAaeNlo rexsonoriro 3anpononoBaHoro cfloco6y [2].
y na6oparopHHx yMoBax }€Mepy BcrnHoBjllolorL Ha reoaonil i Ea6nuxeRo opieHryIor6. Ilicjl' qoro

3OpORy Apy6y TeoaoJliTa rlpriBoatTr, y fopu3oHTanlHc nojror(eHHt I ToqHo Bt3ylorb Ha rlepgrlrH

I.ornpo.rbpo-BMIripHo-r cilKu. tK) ra^pinrcHo Ha niacraeui LlilaruBa Ha r4iHiMalbllo Mo)KIHB) BiucraHh

Bi,q Oororeoao,ljTa. Cirxa 3a AonoMororc HaKiaAI tx a6o pa\lHtlx piBHiB lrpHBoArrbct y BeprtKan6He

nono)i{eHHs, a cy;viqenue ciTxu HlrTo( 3opoBoi Tp}6, r€oAonifa 3 nepe -{HoM }roHTpon6lto-RvMip}ro-t

ciTKn Nroxrr'rBo BrrKoHarr{ rapajterhHo 3a aonoMorolo Br'rBiAHIlx rBI'lHTiB ni{craBKu BfiKoHylorb sHiMaHHs

oi'rru KaMeporc 3 yc'IaHoBn€Itoto iborycnoto ai.q,laao, : rroro 6yae y noAar6 roMy eKcrinyaryBarllct

SormeoAoniT. 3o6paxaunr ciTKu llepeAalorb fla IJOC i 3a aonoMorolo nporpa\rHoro 3a6e3flegeHHt

"Models" y BiKHi "B3a€MHe opieHTyBaHHt" RttMiptlorl' (oopaHHarl'I fleperrjlry ciTkx, ulo BiafloBila€

3opoBifi Tpy6i TeoaoniTa BiarrocHo flonoxedlJt lleHTpa 3HivKa. 3Hzuoqu nnaHoBi l(oopAftEaru ro'rK\a O Ta

OoK)cHy BinJarb xavepx. 06,rHcnBlrorb Kyrt Hax|{ry roroBHoro onrhqHoro npo\leHt KaMep Bi4llocflo

onrx'rtoi oci opieHTyroqoro npficrpolo,,I{nt {6010 3acrocoBylorL oopNrynlj 3B'q3Iq Mix KoopAuHaraNnl

roqo( BeplhKanbHoro ra H&\u,'rhHoro {HivriiB. )c)H)BLU9 lHl'lrqrel'H.!enpyc)lHi;K)r K. ocKi.tbKrt.

fl,( fioxalaHo B n] 6 riKaui-r l8l. iioto BcraHoBnlo|ol l, I sinnosilHo]o lotlHic llo
Orxe. B.a1ha,i. o.*r K\rH a ra @ tK nonpaBKH B aHano l'rhl N\mBi e.lc\lcHfu ?oBHitllH60rc

opjeHryBaHHq, BpaxoBJ4orr, ix rlp]-i BuKogaHHi 3oBHi[Glboro opiem]Basst, anre6pai'rHo cyMyloqtl 3

BCTaIIOBneHnIUU npII 3rIlMaqHl KyToBlIM eteMeHfarllI.

Arr oaHo3taquoi Oirca{if KaMepH eiauocuo rtoao,rira nponorr}crbct Kpintenrit rurr.!

"nacriBqrrHrr; xBicr" i3 fiofiopHo]o KynbKorc, Bt€HaquB[u nol1paBxx lr)rriB npu BI'l(oHaBHi noxboB]a

po6iT. Hcva' no pc6H BuxoH)Bat B,4Ilip'l rrt Bn,rHarlcHH, KoofqfiHar onopH,lx lo'loK: icH](

vo)rc |l,tBic r b oLTocoB\ Ba I x npr\4) oo. ol I. aM\e I pu'lD 3aci9K)
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flepefi.qeMo renep ao BI€HaqeHItr arlpiopHoi oriHkn roqHocri Berlli.l)rtl, 9ki OirypyorL y rexHo-

ii cxeui cnoco6y. ,I!u IIBoro cKop{qmsMoct oopMy"'IaMlr auatirgqdoro rpMcQopMyBaHHt, Bpaxo-

191

Cnoratry o6ur,rourtuo ro,IHicr6, i3 sxolo BtBHaqaerLct Biac,aHb Mrx roJIoBHl4Mtl onruqHtMl

trpoMefitMfi rQMopn ra reoaoniTa, To6To 3sa.reHHt - z, .

3nafi aeMo qacrrosi noxiaHi

re, uo noKr6xa x}m r Ha nopraoK MeHura Bir rlriB cl@oy ra fia&!'Iy xaM€plr, i orptMaeMo I4l:

r' r'cosd+.f sina cosar-z sina sin(,
._

-x.sllrcx+ J cosa cosa)+z'cosa sln,) {l)
/.sinar+z.cosar

-r'sira+/ cos4 cosa+z'coso srnn

/ sin a.(z.cosa) + / .sin @)

0x (cos d.(/.cos a) + z.sin ro) -.t.sina)'?

_ / .(/ cosa.(2.cos'zar-1)-.r'sina cosar.

(cosa.(/.cosal + z.sinn) -t sina)"

jf . (x. cosa.(2.cosro + / sinar) + sina ((2'? + f ') sTar'cosar + / z)) .

(cosd.(/ cos,) t z.sinrd) - t sina)'

cosd.sinr, ((r'?+/').cos@+2 /.z.siu@)-.t sina'(< cos.,+2 f 'sin@)

(cosa (/ cosar+< sinar)-* sina)'z

/ .((Z'? - f'),cosa + r.sin d. (/ cos@ - z sinrr)).
(cosa.(/ cos@+ z sin ro) -.t sina)2

f .(f cosa + z.sin,,)
(cosa.(/.cosrl) + a. sina) - t sina)

f ((z' - f') cos'a-2'f z'sintt'coso-x'-z'
(cosa.(/. cosrd +.. sina) -.t sina)'?

Ax x - z. cos' tt. sif, a- sina. cosa. ((z' f ' ) cos' ao

df (cosa'(f cos@ + z'sin n) - )r'sind)'
2.f .z.sin@ coso+x'-z')-x'sitr'ct (2 f cosa+z sin a)

0r, f.i.(/.sin., + z cos ar)

a., (cosa, .(/ cos @ '' z sinejl - x sin1]' r '

Bpa.xoByroqu Bllpa3'r orpuMaHrx noxilnux. el,{jra' 1r'lo cepeaHi KBaapalr-rqHl

MlX TOIOBHLIVI,I OnTIlqHxMrl flpOMeHflMI'l:

. m) + c' . ml + d' m|. t' "tl,

Az

of-

A.D

a,

f x.sir,l,
(cosa. (/. coso + z.sin.r) - .x sina)'?

0x,

Aa

mz = \a' .mi +b"

noxr6rlr eiAccaxi

(2)
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rea, c, d, e - 3HaqeHHr HaBeAeHrx Brrle qacrkoBt{x noxinirux nnr -fo =90lru, ,r = 1NrM,z= 10MM,

ct=0,6', @=6", mr=mt=m-=0,005 MNr, md=md=3". V pesynrrari o6qHcreH6 orpuMaeMo

lnz-0.006uu.Ax6aexro.orpuMirHe3Ha'leHHlsianooiaaerovaocrianvipisrcooparxarroqorna:sivrax.

Ba3Ha.rrjMo renep Betuqwry arrpiopHol floxtt6t<u noupae(lt y nonepeqfi[i xj,,r Ha\ury i3 crrcreMk
piBfl{Hb (l), qo BpaxoByerLcr y ronepeqHfiii Ryr Haxrny naMepr. Ur nonpaBKa aHarir,4qHo BBoAr,rrr-

:ulerbct ) t(l,.roBHi1 creMeHr '1oBHiurHboro opicmyeannr. ulo Bcia|lOBrlO.'1r,cr npa :nir'ranni ua

opicmyroqoMy nplrcrpoi uuibpoBoro OororeoAonim. OTxe, orpr.{Ma€Nto:

( 2 f . sin a. z sin a tL(4 f ' slrr^' a. z' . sir' a 
-l:yl! 

3L!lg
Ia = afctgl
l (x'cos'a /'sin'a) l.
ll

(3)

3naft aeno qacrxoni noxitsi
0@

dx

z' f" )coso a +11' z' '+2r').cos'a+
/ z sin'al(x'?+zr . cos' a - z' ) {{- {x' + .r ' lz '* f')r J' z') cosoa+

+ x' (z' + f ') + 2 f ' z' cos' a + 7' z2 (sino a - t)l' * (r' + z'). 
"o"' ". 

(q t' . r' G' o r').

. sino c + +z' f ' ) - cos' alt T' x' 1*' + z' ). sin' a + \t' + z l k' - f ' ))+ z" lt' Vz' + t).
I

.sino a+r'-1').(-(r'+ f'l1x'+ z") coso a +\x"\z' + 7')+2.1'.2')."o"'o+
I

0a
Az

-cos'a , +;, ) sino r, + z'1+f1)+2f') <'J).sin'a
-4f .z.sin' a. + z')cosu a 1*'+z')(*' {:-'+;')-lI'.2'

- x'\z' + f' -3.fx z'?)- !'? z'.l2 sin6 a - sina a - 2 . sin2 a + 1

-g"cos'a. sin"a{ x'i.",21") t1'.2')r /' .' (sin"a -l

"ina cora h+ 2.1{.r'-e ')'.co'"a 2.'} |x'- 1 }cos'a r.o
*' z')cos"a Vl', V iz)sin'a|<' f'l-

J )t l' z'})cos'a-(;'?(z) -l')*zI' z'}).co! a-1) zr (sin"a-1
/' r"(r' + z') 'in'a (x' r zz'J.(z/ I') ) -?' 'V'\41 l

. {{. (,' -/') z (r'' f') co"a t \.') f)

f ("+,'(z'+1') 
"o"^o+(,' 

(z'+7")+2 f'.z') cos'a+ f'.r'$'"" "-))fr

+ z"(2,7' .s;n' a + z' 7'))

+7' z' $in" a t)f
2 .sin'a((..r' + <')'cos'a -2z lr'-z'l cos a. z'l{( .(r'

x'+z').cos^ o .\4 f' .21\t' t zt) sir" ct + z) - 7 
- )-cos- a)

, r/ )+/ .2 )cos'a, (''(i I J')"2j Z')).cos')a-1" ;'(sino a - 1

/ .z'(x 
' :').sin'a [x' r2z l:' I')l z'\I lqt^ +t ir'a-f'?lJ.

- z.("os' o ('' + 1'). (" + z') sin'c 
" 

.(z' + 7')-27' . 

"')

'-,'[z-+ J')rt' ,').o(a'(" (,' J')-2J' .'



feod€jie, KapmoepaQie i aepo$om@HiMdHHa. Bun. 66. 2005 193

f' .2" .$i", 
" -ll, -ty. z. sin, a-((x' + z,).6" * *. .1r, * ,,7n f, .z').cosu a -

@ Q7 + 7')+z* . z' .\z' +27')+27" . zn).coso a- z" .cos'a

I
(/'.(*''z').sin'a-,'.(?' 2/ ) 3!' z'l+t' z' {sin'a-t))

2z sin)a((2'+/').cos'a-z') ((-(r'+x' (z' e !')+ J'z z'

' + z') co,^ a.\+7' . zt.lt' t z'j"in^ a + z' - [')-

-cos'a .(8;' 'z' (r' + z') sino a +.lx' t 2z'\z) t')-,'U' 4zr +l).sina ct + zt

- 1l\x'z + z'1 .cos" o -(r' + z' ).cos' a - z'(sino a l))/'.((,,'+z' cos' a - a"
.(.'*"f'), /' z') co""a+(x' lz' t 1')-zJ'.z' ).cos' a +

I

* i' "' 
.\"i"0 

" -t)- 4f z.sia"a.(x'+f').1"+z')"o"ua-6',"'lc"
l

.\22'+f )t3J' z')cos'a z' cos'a ( lx'-z'Jsin"a-'I

-

-x' .\z' . zI')-lt' .z')t 17 z" lsin^ a-t)f
Auaaorivno, lr i y nonepegxix Buxtarrtx, Bt3HaqxMo cepeaHro xBaApartltlgy loxa6xy o Y

pesy,rrmri o6vucnenr orpuMarx,o m,= 4'.lk 3H eennc raKo* ginnogirae loptaKy BIjMip-sHIjx KyriB.

Ap-* nepenipru erqermseaefiBx po3paxylrKiB npole,4euo BianoBinni etcnepnMeHTatLHi aocni'a(eHn '
B rKfix 3acrocoByBaBct uudpoBui (bomreoaotiT, nlo cruIa,4aBct 3 wibpoBoi !@Mepq olympus E-20P Ta

r€oaoriTa Thm 0108. IloneperHro po3pdxoBano anpiopxy orrixry rovnocri npocropona< xoop,ulclar.

PojB rxeMo L0o ranaqy Aff napare,l6Hom Bxnarky 3HivaHrt:

X'=81" 
'P;p

Y' = BL"inP ;
p

z' = Blsin 
'P 

'
p

3 qrx abopMyr orpxMa€Mo cepelri l(BaApaflt'rHi noxa6Klt KoopA[Har:

(ax"l (dx^)' fdx"l,';.-l* )^;l;) )^;-1* 1^'

(4)

^,,=(#)'-t(#)'^:'

^'" =(*)' -t(?)' ^t 
.(?)'t'

(5)
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Ae mx my mz cepeAfii KBaApaTuqfli floxfi6Ku KoopAaBaT X, Y, Z, mB - cepelJlt KBalpaTr.rqHa noxu6xa
BlMipy 6a3r.icy +ororpa(byBaHE ; m* mv mp - cepeAHi KB4qparlrqHi noxu6KH BrjMipy KoopArjHar 3lriMKa

,I, ]t,Z Ta napa"'raxca p , 3HaiAeMo ,racTKoBi noxiIHiTa. spaxoByrcqfi Ui 3HaqcHHr. oTprrMa€Mo

^:, =(T)',; .(V)' 
"+u.(?)' 

t,
-,,=(+)',,-(#)' a' (6)

^r=(T)'""1T)'*.1?)'', 
I

B HauroMy Bxna,nxy: I
Anr B=30 u, ,f =86 vv, r;r =40 uu, zr =30 vu , e=30". ns=5 uv, 

I
mr=mz=mp= 5 MKM,3gaqesnq noxu6ox noaaxo y ra6:r, l, 

I
Arpiopla ouirrr€ roqrrocri rpocropo'nx Kooprrfiar 

Ta6nu4' I 
I

If rnu --f- I?oo 0.89 | r.9(, 0.6? | I
3ltiMaHfit npoBo/lruloct ua repr.rTopii 3arapnarcrxoi o6nacri s paioHi tcpc6rr-eixcrxC I

rilpoenelcrpocrarttii. (Doronpa{ryaaanr BrKoHys.uocr Ha periou ypoqstqa "I(prHx,ti". Micuesicrs e I
rop6r.rc,oro, nicacroro, ir ,{arapHEt(aMr.r ra Bfipy6kol.o llepes. JIic nepoBOKHo rhc'tA{uir - rpa6 ra 6y*, I
ixfit cepeftt stlcom - l7M. flepena,{ ancor r"ricrtesocri siA 300 .qo 700M. y H xHjfi qacrHfii I
porrauosanll HaccrcHui rD HKr, I

,IL'rq ahrHaqexHr ouinxr ro.rroc ri iairpoloHoBaHoro xoMnrexcy He MicueBoc, i. uo ni-urrrEn I
3HiMaHEo, 6),trfi Br-GHaqeni crryaqifiui'm,{xp rx rra Nricuesocri,'mr i Ha sHiMKax, 3a AonoMororc Tax"o""apa- |
amoMara 6yJrh Brcsaqexi roopAaxaru eurueaxa:annx po:ni:uarallnux guaxie. llpq o6po6qi crepeonap n!
qOC " enLTa-2" 6yno surrraveno KooparjHar( qm< po:ni:uararuxrx snaxis na :HiMKax. Ilopiaxrerrlrl
orprruari peynrra ru xoopauua r nia vac cxcnepuMerD, BxxoHaHo ouiHKy'ro,rHocri. I,"r.-* ''--"-l

BiacrarL (M) (M,| (M) (M)

300 0.16 0.35 0,t2
?00 0.89 1.90 0.6'l

N, AX, w LZ, M

2 3 4

0,10 0, t0 0,20

2 ,0.10 -0,30 -0,11

3 -0.02 -0,13 -0,01

-o,t2 0,09

5 ,0,15 -0,10 0,10

6 0,89 -0,53
,7 -0,80 -o,32
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npodo1nceHH, naon.2

I 2 3 4

8 0.02 1,90 o.73

9 l,00 -0,34 o.24

t0 0,03 0,2'/ 0,10

1l 0,09 -o,30 0,lo
12 -0,i0 o,I'l 0,12

l3 -0.03 0,21 0,15

t4 0J4 -0,50

t5 0.91 -o,61

t6 0,69 0.37

1',7 -o,42 1,0J ,0,51

l8 -0.90 -0.99 -0,70

t9 0,24 -0,49 0,19

2A 0,19 0,21 -0.10

21 -0,r0 0,45 0.2r

22 -o,64 0,87 0,40

23 0,89 1,08 -0,54

24 0,'73 -0,90 0,43

25 -0.85 -t,21 0,60

CepeAni xea,qparrvni noxu6ru, e raxuuu: mx =0.5'7 r"t, nk =0,98 v, nU, =O,4O M.

BucHoBKn. l, Ilepcmra ocrarrrrix npaqr, 3a npo6neMob, t(o po3rntAa€T!c,1, Aa€ ilroxnuBicrr,

3po6rrrt onHo3HaqH!fi B[cHoBoK npo arrlaaruicn ra Heo6xi,{Hicrr, po3po6ntrt y noAMBnoMy

rexno:rorii xa:ri6pyaarrtrr riu{bpoB x KaMep ra OororeoaoiliTxltx c[creu, rqo crroprotoruca la ix ocrosi.
2. AHanbyrc. pc3yrLTau o6qucneHr,, BuAHo, lrio 3raqeHHt zr 3Haxoltrr6ct B Mexax roqHocrl

BuMipy 3HiMdB Ha LIOC,
3. IlopiBHH)Ioqn pe3y.q6ra-1.}r oqiHKM ro.JHocri 3 anpiopHolo orlirrrcoro, ueo6xiAuo:po6mr

nricrrogox, Io ro.rrricrL Br3HaqeHHr npoctopotr,x koopAt Har 06'eKTiB BiafoBiaae po3paxyHKoBii.
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