
Aerospace Research in.Bulgaria
Volume 9. Sofia .1993
Bulgarian Academy of Sciences

Pegarqoogga KoJrerE

E. Eonen (rnaren pegarrop),
fL Berunor, II. Ienoa,
E. Magxapon, f.. Mapgupocror
(orroaoperr cexperap), [. Mr.nueu,
fI. Henoncrur,
X, Cnnpuonos, JI. Ounuuon,
C. 9aurruor, 3.,{urvrurpona
(orronopen pegaxrop ua 6por)

flpenoga.r JL Kpa:rena

Editorial Board

B. Bonev (Editor-in-Chief ),
P. Vellinov, P. Genov,
B. Majarov, G. Mardirosjan
(Secretary), D. Mishev,
P. Nenovski, H. Spiridonov,
L. Philipov, S. Chapkanov,
Z. Dimitrova (Technical Editor)
Translated by L. Kraleva

Alpec

AepoKocMutrecKr,r rr3cJreABaHr{s B

Errraplrr
Izlncrfiryr ga xocMnqecKr{
uscnegnaxua npr-r EAH
Erarapra, CoQlr.a 1000,
yn. ,,Mocxoncxa"N 6

Address

Aerospace Research in Bulgaria
Space Research Institute,
Bulgarian Academy of Sciences d
6 Moskovska Str., Sofia 1000, 3
Bulgaria

llsgarencrro na Ernrapixata
aKaAeMn I rra HayKnTe

Pegaxrop
H. Enntuoaa
Kopexrop
P, I4wrcsa ,rr

Te>cr. pegaxrop
B. Augpouona

I{g.q. rttlerc 13030
[agena sa xa6op
rcsu 1993 r. .,

flognr.rcana ea nevar
ceurevnpu'l993 r.

Oopuar 70x100/16
Tupax 350
Ileqatnn xoln 6,00
tl3IarencKtr Konn7,78



ISSN 086 1-11a2 

AEPO 
V14ECKV1 

V13G1EL1BAHlI1>J B 6bl1rAPll1~
 

9 
CO<IJH51 • 1993 

lJb.TU'/\PCI\A AKAllEMI151 HA H A~'KI1TE 

IIa Twa :nlil C 

\la!lJl1>M\lU 

I 3 

P. BepHep 

Haca c.lBil ll ll lt 

nouo urr a ua 
11306p a il\CUlt ll 

B. llaMroB 

;\ \eToa ..'l..' It nonuuu-uIl l! 

'I VIlCTOUTC.' j,\l OCTH .!lWr'IIIK<I 
coa uesuoro BCTpa I 16 

C. LJan" bllOB 

Bu p x y ~IY Ii Jil lJjl} II 11 IHI II CTO ua 
COH.1UBa ilnap aTyp a !l 

VC..l 0 1JHilTa \1.1 <IKTHBCII 

KVC ~ t1l' l e C K II CKCIlCPU ~IC jlT I 17 

r . l\Iap.'I.HpOCAH, P. KbllI'leBa 

~' crpoficr no ,'l..'Hl H 3 ~ I CPC IIII H 

IIU.'\II KilTPHChi OTpaMC IIHll I 21 

)1(. )l(eKOB. ll. HBaHORa, 
B. 3axapHcB. "A. XpHCTOB 

Bapua unn 11<1 o (i W.OTO 

Cb:I'LpiK311 I1 e na 030\1 IJ 

Cell pOU3TO'IHa 5 ".'l rap uH 29 

Content s 

R. Verner 

P las rnn studi es by th e help 
uf long itu dina l images I 5 

V. Damgov 

So lar wind senso rs : a met hod 
of incrcase in sen iti vito I G 

S. Chapkanov 

On th e probe equip ment 
o p e ra t ion in active space 
exp erimen t condit ions I 20 

G. Mardirossian. R. Kancheva 

/\ devi ce for rneasur mont 
of t he ref lection indica tr ess I 28 

J. Jekov , D. Ivanova, 
V. Zacha r iev, A. Chr istov 

Atmosp her ic total " W ill: 
conten t var iation in th e 
Nort h-Eas tern region of 
l3ulgar ia i 32 

..
 



T. 3apaBeB. 11.. I(peIKOBa.
11. neTKOB 
MCTOil aa MilTe\laTIl'ICCKO 
~1011e.lIIPilIlC 1Ii1 .1 Hll e Hfl ll CIICTC'IIl 
aa a8TO ~laT "'1II0 y npanJ1CIIIIC / 37 

10. C"MeOHOBa
 
OC OOCHOCTH npu
 
CKcn.l0UTalL\HI Til II a
 
~U1K pOKa lw.nllne nmlCTHIlH /I
 

,'a(jopaTopH 11 ycnonun f:i8
 

B. HMKOJlOB 

.' \ero.1l aa Oupe.1leMIIIC n a 
3ep0,il Il H aM Il 4I1H Te xapaKTepllC-
TIl KII II a xp t .croo ti paaau 
K p H.~ il npu ~03UY KOBH 

CKO pOCTIl na nOJICTa upea 
npo cr pa ucr ne ua BHXpOBfI 
CXC\laTIIJ:l Um l 11 <1 Kp flJIOTO I 43 

B. H"KOnUB 

1!Jc.~ e;\Ba IlC na cra u ao u« p uure 
II necra uuoun p uate 
a ep O;I IlHa MIl 'lll ll 
xapuxre pncrnxn Hil op ran u 3<1 
y npaB.'ICHHC ua ,1eTflTC .~fl ll 

an aparu npn ,iJ,03 UYKOIl :, 
cxopocr n upea ua xpon 
Mcroll / 55 

11. ftopnallOB. 10. CH~leOIlOBa , 
A. UlonOB
 
H 3 11 0 .Q3BaflC na ~ ICT OJ\ a
 

Ha eJ1CKTpOHHaTa
 
O >t\c -cn CKTpOCKOnHll 301 
a"<1,1113 ua ny xuarnuu 1\
 

xopuyceu eneMeliT or
 
a au anuoaeu llDlirare.r1 I 69
 

B. fO'IeB
 
B.~ II !1 I1 I1 C n a n:XH HKO

exc naoara naonunrc 
xap uxrepucru xu ua C<JMOJlCnJ 

BbPX Y Cli c n.~ oara ll ll(>11 l1jJ re 

~ IY paaxonn I 75 

A. feH4eB
 
Ka na UIlTl18110-JUlO)l.CII
 
npeoripaayaarex ua nan pexce 

II l1e I 88
 

Hot/II suueu 

O r Kocnoca cperuy 
e KOJlOfll'H1Il TC xaracrpodnr / 93 

I n memoriam 

I \K<I,l . KHplt,il Cepaqnnrou 
(2-1. V. 1932-2. I V. (993) I 95 

T. Zdravev, D. Krezhova, 
D. Petkov 
A methud for ma thema tica l 
mudelJ ing of I inea r sys tems 
for automat ic control 1 33 

Y. Simeonova 
Some cha racter istics of mic ro 
channel pl ates funct ioning 
ill thc conditi on. of <J 

la borat or y cxper imen t I 42 

V. Nikolov 
Met hod fur dct cr mi nilli on of 
t he crosswise wings aerody na 
mic cha ract eristics at f1yin!Z 
su bsoni c ve loci ty th ru ugh 
the w ing spa ti al whi r lwind 
schema tisa t ion I 54 

V. Nikolov 
The resea rch of the opera tion 
organs stil ti onar y an d non
s tali ona r y char acter lsf cs 
of the flyi ng mac hines at 
subsonic veloci tv through 
the whirlw ind method / 68 

I). Iordanov, Y. Slmeonova , 
A. Shopov 
Using th e method of electronic 
spectroscopy (AES) for th e 
ana lys is of cracks on the 
body of aircra ft engi nes I 74 

V. Gochev 
Influ ence of the tech nica l and 
cxp loi tat ion char acter is tics 
o f the a ir pl a n e Oil it s 
exploit ati on costs 1 87 

A. Genchev 
A capaci ti ve-diod voltage 
transfor mer I 92 

New books 

From Space Ag a i nst 
Ecological Di as ters I 93 

In memoriam. 

Acad . K iri l Sera fimo v (24. V. 
19:32- 2. IV . 1993) / 95 

..
 

2 



Er,nrapcxa ana1eMr4,s, Ha HayKI,Ire. Bulgarian Academy of Sciences

AeporocuzuecKl{ I{sc,rIeABanu.a n Ernrapur. 9. Aerospace Qesearch in Bulgaria

CoSnr. 1993. Sofia

l4scnelBaHnr Ha [JIa3Ma c noMoulTa
Ha HaAJrbxHpt r43o6pax{eHl4f

PonS Bepuep

I'lucmumgtn sd Koc.tiruq,ecKu uscaedeatlun, EAH

Ct,s.4asauero LI ycr,BbplrleHcrBal{ero Ha MeroAIzre sa Qop-
MI4p_aHe, BbscraHoBflBaHe Iz no4o6panaue va uso6pa>KeHlrf yclopeAHo c 6ypuo-
ro pasBr4rrze Ha KoMrrrorbpHara rexFrrzKa 

^aBar 
I4MrIyd'Icv sa paspa6orKa Ha HoBIr

Iz3cJIeAoBareJIcKI4 MeroALI. E4uIa or rsx ce ocHoBaBar Ha rlprieMane, perl4crpa-
Ur4fl, 3arraMerfBaHe rr B:b3craHOBflBaHe Ha HaAJrb)KuIa ueo6pa>Nenza (longitu-
dinal images), uanpnuep cKaHlzpalqa (B 4r,l6ourana) MLIKpocKorIlzx. llpe4rl 4a
6r4ar pa3rJreAaHr4 Bt3Mo)KHocrrzre 3a rrpzJroxeFrr4e Ha MeroAa Ha HaAIrblKHI4re
uso6paxenun s o6nacrra Ha nJIaBMeHIzre Ir3cJIeABaHLIfl, e Heo6xoAI4Mo KparKo
LI3JIO)KeHI,Ie Ha C:bIIIHOCTTa 14 IIpLIFIIII4III'ITe VM,

Kaxro e LI3BecrHo or $ororpa$un'ta, o6eNmt, xotlro ce cI{I4Ma, rl:bpBo ce

Qoxycrapa Bbpxy $u.rtuoeara paBHuHa. llpn rona e B czJra ocHoBHI4lr 3aKoH Ha

oIIrI4lIIloro zso6paN<enue (saNon na fayc sa f' :71

(r) *:*+*'1.1.2

KT,Aero f e $oxycnoro pa3croflHtre na o6errnBa, c rofiro ce nocrpoffBa uso6paxe-
Hr4ero ua o6exr, HaMr4paxl ce Ha pa3crofHr.Ie 4, B paBHrruara (r. Hap. ,,faycoBa
paBHr4Ha ua uso6pax<euze") c Ar.{craHrrutr 22 3aA Heto,

Pas4enlzre.uuara cnoco6Hocr Ha BcfKa olrur{Ha crrcreMa e otpaFluqeHa rlpe3

4u$paNqran. llo npn6.rr.r3r4TeJreH HaqlrH, KaKTo ce r43qr{cJrfBa pasnpeAeJleHlzero
Ha rzHTeHgl{BHocrra n faycoeara paBFrrrHa Ha eAI,iH TotrKoB MoHoxpoMarlrqeH
I{3TOIIHI4K, MO)KE AA CC IZ3qIICJII4 14 PA3TIPCACJICHI4ETO MY, HAAJIb>KHO HA OTITIIqHATA
oc B rrpocrpaHcrBoro na uso6pa>xeuve. B npu6rzx<eu[e Ha @paynxo$e kr npll
MaJTKI{ QaSOnU pa3rrwKlr Ha BT,r'rHOBr.r SpOuroee 3a HaAJIT,)KHOTO pa3npeAeJIeHWe
Ha IrHTeH3rrBHocrra FIa aBToqHI4xa, xoI?ro ce FraMI4pa Ha pa3crof:r-ue z ot o6eN-
rLIBa c QoNyc f u pa1uyc r (croreercrByBaq Ha BXoAHara ailaparypa) fl, 2l,
ce noJryqaBa

,1r', ry:$["r"(#)]'
(2)
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lIep ne Il~H I< Y JI 51 P IIO RoM lIeSJ . TOraB3 1t30UpcJ)KeHlleTO e ,QlIyMepHo It MOme ,'1;a 61,
l~e perucrpu pa HO C nOMow,T3 ua nnyvepru: nerexropu. B CJl Y1laiL 'Ie H3Jlb4BaHC

TO e ennouepno caao no OIlTH'IIIClTa OC. )tOCTaT1,4110 e H30UpameJIHeTO JJ.a ce pe
r ucr pupa C ,,'lHlleell nerexrop. Ilpu ,Ubnroq}OKYCHIf 06eKTltIlH B rayCOB3Ta paauu
Bet MOme ~a ce 1I03HUIIOHilpa DXO;,JnIHT nponen 11 11 <',1.ltll-1 cnexrpoaer-sp. TIPII TH

xaaa nOCT£l nOBI<a ctcaunpauero n )tl,.'lU04111l(l nusnonsna enaoapeaeuno ,IVl CC 
on p CACMn lie cauo pa3 upcne,n HUHTa Jill InllW H IlJla3Me I1H KOMIIoneHTH, no II 
H3:>l eneHHCTO na renneparypar a Ka TO namCH nna oren TH1lJaMeTbp no OllTH1IIIClTa 
oc. C nOMOII~Ta 11:.1 /.1.ByMcpell,neTeKTOp xrora t aa ce perncrpnpar MllomeCTBO cnexr
pn (ycnopeauo I<llM paBIlHIJaT<I ua t.lHCncpCIISJ), CbOTBeTcTnyB8ll.1,Il na II:"l,'lblJB<I 

fl~H 06JlaCTlI. lIaMII parun ce na paa.munn pa:lCT0511J It 51 0'1' o6e J<T liB a . 

3a 1l::lJIOmCIJl1TC upennoxceuus 38 1l:lIJO.'I3H<lIJe MCTO}.(8 1J3 lJanJl'blKHOTO 1130

0p8>KellHC npu rr.'la::lIvlelJll ~BCJJeJlB <lIJlIH ca HY}KIlH nO-HaTaTbWU8 excnepuaeu
Ta,lJI<l JIpOBepK8 II reopernxeu aHClJ1lf3. aa !~a ce IICl:\olCpHT orpanu-nrrezuurre yc
.'WBHH IJpH npaKTH'IeCKOTO M, npun oaceuue . 

.1{ If T e p ,IT Yr a 

I. H arc I' k 0 I' n, I-J. Op ti k, VEn De utscher Verlag del' Wissenscha Itcn , Berlin, 1984 
2. H u, Y., B. R. F I' i e d e n . Res to ra tio n of longitudinal images . - Applied Optics 

27, 1988, No 2, 414-418. 
:1 . F I' i c den, B. R. Lon gitudina l image for ma tion . - of. Opt. Soc. Arn.. 56. 1966 , 

p. 1495. 

Ilocm 7,IlU,W /III 18. I . 1990 e. 

Plasma studies by the help of longitudinal 
images 

Rol] Verne, 

(S u OJ OJ a I' yJ 

The ex tensive development of longitudinal i mages da
tes since 1965. The obtained results are applied in technics. An illustrative 
example of this is scanner microscopy. In the exposition the fundamentals of 
this theory are brief! y rcpor ted an d the oppor tun it i es for the theor y's appl i
cation in plasma experiments as wel l are discussed. Suggestions are made for 
its use in the st ud y of pi asrna char acterist i cs all (1 t hei r ch ange wi th space dept h . 
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effective low-noise negative C-, G- and L-, R- [0]. Using electromechanical
modulation-parametric systems one can implement negative flexibility and
friction [9],

The method proposed consists in
frequency parametric systems (FFPS),
tive capacitance (C-) and negative co
Sol ar-wind multielectrode-modulation
result of the comoensation of its own
mented effective 

^low-noise 
negative

values in a wide videofrequency bandwidth.
A general theory of the pioposed FFPS, exhibiting wide-band (video-

frequendy banclwidthi low-noise nigative C- and G- iJdeveloped.. Expres-
sions fof absolute vaiues of the negative parameters are derived and the' dyna-
mic characteristics are studied- Th.;;i; pffierties ol the are
investigated th^eoretically. The the
Solar-wind traD. one-ooit with and
two-port of thepreamilifying st sab-
le use of negative param6ters one-ports in the system are derived on the basis
of comparison of the system-fluctuati rn sensitivities under the circumstances
of present and absent parametric one-port (FFPS).'The system stability has been considereil theoretically on the basis of a

diagram of the interrelations of all influencing factors.

Analysis of noise properties

The interplanetary-plasma-trapping multielectrode-mo-
dulation sensor with a FFPS is dchematitailv presented in Rig. l. FFPS imple-
ments negative C- ancl. G- in parallel with-trap collector - sensor body.

Fig. I
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(5) u,tr, +l+-#(+-,
:n!!-n -,-, when '+>ro.a \uc-f va,, _ 

a

The ratio ol expressions (4) and (5) gives the gain, showing the efficiency

of the FFPS utilization:

u\\ 2G+c)(6) K^:;n: -ffvo.
In all Practical cases Kuvl. .

The effect of ttre sensiiivity increase due to the FFPS utilization is to be

considered more thoiougnfy. ft'it necesssry. to prove that.the rytio signaUnoise

Llrii ir not getting *or.'. #hen FFPS is added. The quantitY M+l can be expres'

sed as follows:

- case with regeneration

(7)
u\ | 'r i^u^

l.r(-).- "a'a .v t c'u :2 ^ .l:T
'l U'N>, Li a\ u-Nz

- case without regeneration

U\II IA/(+)- ''" - 
-

l-1\ u"*"

t 1-CU nS o (lr/B) ro
1-

1c"+c;'l IJ2nu +1c"+c"1tl u'w^
(B)

(e)

(10)

(11)

(t 2)

where i":fli"a(Vs), n-is the plasma density' ft -.is the- trap-- collector

"r.",-OiWul - 
is i'iunction, .ttr*.t"tizing the- chirged-particles distribution

in energy, 
-oT 

- is the total average-quadratic noise voltage in the regene-

rative case (when FFPS is presented), OT - is the average-quadratic noise

voltaqe of the PreamPlifier"""Til fi;r:i7t'ilJ-ib) on" could derive expressions.for minimum plasma

A.n.it'-"na hinitir,i* tiai-iollector current, which can be registered in two

cases:
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parametric element; nt-I, s+, r- indicate correspondingly the FFPS input eire
uit(1) and FFPS circuits of sum (s +) and difference (r - ) combined frequencies. 

A general noise equivalent scheme (Fig. 4) is formed on the basis of 

Fig. 3. FFPS is presented by the input admittance r\ and the negative ad

~. - . 

I p-
Y DI 

fi g. 4 

mittance Y_= -0_ - jii.; 8 _ =(1), C_, input-circuit noise sources i~1 and i l>l and 

some additional noise source l1a,I,I' caused by noise conversion from the other 

FFPS circuits. 
Using Fig. 4, desired noise voltages UJ.,!:. and U~" may be expressed: 

UJ..,p
U2(16) N!:. 

_ _ 3- +1Y I
\ }'t+Y

(17) 

In (16), the quantities i~"dd and y;_ remain unspecified. 
The FFPS time-varying parametric elem ents C(t) and O(t) can be pre

sented by the Fourier series 

C (t) =Cn+2 I c, cosnropt (18) 
n=1 

1 0 (1) = 0 0 + 2 .;; On cos nWpt, 

I 
1

where { ~: }= 2rr J{ggn cos nWpt d(lIlpt). 

- " 
The processes in FFPS may be generally described by the following matrix 

equation !7. 12): 

II 
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C, c, M Go M G, d M G2 d I .where rIll=C-' rIl2 =c- ' 0=0' ]=(j - an 2=0- are mo u at IOn 
elf Jeff elf eff efl 

coefficients of the FFPS parametric elements, Cel/= CO-C2 and 0. 1/ = 0 0 -02 

arc the mean effective parameters of the system, <;0 = 11- "~~ is the effective 

relative detuning of the FFPS oscillatory circuit. 
The negative capacitance and conductance introduced to the FFPS input 

circuit can be expressed from (19) as 

(25) c_= _._1_lm(y1 _-i)=_._I_lm(Y, _ DD )
r», VI JW. ' 

(M1+Q /;0 ml) (1+Q2 (ox - 41;2)}- 2Mo M) 
= 4Ceu (M1 + f1t , Q) [I +Q2 (x-4l;2)}2+(4{) I; Mf)2 ' 

(26) O_ =Re (1'\- ~, )=Re(Y1 - gl ) 
= 20 (M + Q) M, (I +~)2 (x-41;2lJ+8Q~ 1;3 Mf! (M1 +0 ~ m,) 

eff 1 m 1 (I +QZ (x-41;2Jl2+(4Q I; Mof • 

where it = 4 (~6 +<;0 f1l2) + 2~W2 is the general detuning. 

For the considered case we introduce a noise figure of fFPS in the form 

· 2(J 
FFPS INFFPS 

(27) FFFPS =O--= 4kTI1/G'- ' 

where GFFPS - is the equivalent FFPS noise conductance, 0:- = O_-Gi. 
Using Eqn. (21) we receive the expression 

3 

(28) F~rpso,-=~+a( 1 ~; r+/ ;; r ) + -~:}- (1+1 ; ; 1 +1r;;~ r)· 
The FrpS stability is defined generally by fluctuations of the pumping ampli

tude °A ' pumping frequency 0<0 and parametric element bias 0e> 
p p 

The sensitivity of the implemented negative capacitance C_ to the fluctua 
tions 0A' 15", and 0E can be expressed as 

p p 

(29)
 

(30)
 

(31) SE=(~C~ OEl)=K(I;) -Z- 1j1 (2Ql;) [ I + I+g:~':(t;o)l, 

K( - 2 V (M1+ 2Q2 m, c;o)2+(2Q I; M])2where ~),-:- [I +2M2 + 4Q2(1;5+ /;0 1II2--1;2)]2+(4Q I; MfI)~ , 

I +4Q2 (t;5+1;0 1112-1;2) 
1jf (2Q <;) = •J(I +4Q2 (I;hl;n 1II2-1;2)J2+(4Q 1;)2 

I ,)" 

•
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The study of Eqn. (28)
parameters
(33)

using Eqns. (23) and (24) shows that for all real

&.orC'-(1+1,5)G!.
As FFPS is actually an one-port with negative admittance, i. e. FFPS

o?
provides E_ < 1, then

(34) FFrps-(0,1+0,2) dB.

Taking into account that the modern FET preamplifiers have noise figure
F^-(2+3idB, it is not difficult to estimate that the total average'quadratic

system noise Ui," distinguishes from the average-quadratic preamplifier noise

lrom 3-l0o/0.
The ratio ol average voltages (6) can be estimated in the practical con-

ditions as 
u\=) c-+c^

(35) K : ","',u. 

-9. 
-t' :u Fc-(I +5). 102.'ra- U(+) -- OuTo

Using these estimationi, we can be convinced in the considerable increase

of the ratio signal/noise 
t :

,2c\ N(-) o,, (c.+q) u y..,(o,b+l).104.(Jb) I\,e)'*c* W ,ln*
- I'he of implementing C- and G- with ne-

eessary $g^lhi f.ormula6 (25) and (26)'.

For FFPS with advanced elements the sen-

sitivities are in the following limits: 5,-10--15'
5,-100 le,-if a, :10-1, 6'":10-6 and' 5e:10-n

(the case of common fluctuations without takihg spacial actions), the total in-

stability of C- o AF 1!o/0.
The estimation of the

ably registered with an
/..to-l0-la A'-"'-A 

general theorY of t
wind with an added stage
has onditions for the adr

as Parameters have been derived'
6 shows that the utilization of FFPS considerably

increases the signal level at the :amplifier input and to a great extent

improves system sensibility by incr ing the ratio stgnat/nolse'
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Br,rrapcxa aKaAeMr{fi Ha HayKrIre. Bulgarian

Aepoxocl,ruuecKr{ tl3cJreABauus s Br,nrapna. 9.

CoSnr. 1993. Sofia

Academy of Sciences

Aerospace Research in Bulgaria

Brpxy trynxqnoHr4paHero Ha coHAoBa
anaparypa B ycJroBr4f ra Ha aKTI4BeH

KOCMr4qecKn eKcIIepr4MeHT

CmeQau Vanrcznoe

Hncmumgm od KocittwrccKu uscrtedeauun, EAH

B noc.reAnrzre ToAI,IHH KocMI4qecKI{Te ctleullaJlIlcru o6pt-
qar oco6eHo BHr4MaHlre Ha aKrr4Bttrre eKcnep[MeHrr4 B oKoJIo3eMHoro npocrpaH-
crno. tr4sNycrBeHara IiHxeKIrLIfl Ha Heyrpar'IeH ras, eJIeKrpoHeH wnu fioneru o6-
,'IaK or 6opga Ha KocMI4qecKoro cpeAcrBo e eoeNrunen cnoco6 3a onpeAeJlfHe Ha

BpeMeTo Ha xIiBoT Ha [Hx{eKT]4paHI,ITe lIacTI,Iu[, 3a MOAeJII4paHe Ha rlpoqecl]Te
s sao6uNanflxlara c[brHI4Ka rlJrasMa, KaKTo H 3a uflJlocrHoro I{3cJIeABaHe Ha

rioHocSepuo-uaruurocSepHrzre Bpr,3Krr v B3auMoAericrnuq. B rosn cMIIcbJI rlpI4-
clbcrBrrero Ha coHAoBr.r npu6opu ya 6opga Ha KocMllqecNrzs o6exr paqIaolladrlHo

Aorrr,drrBa KoMrrJreKca HayrrHa alaparypa. Cou4onara anaparypa ce npLIJIara rrru-
poKo B KocMr4qecKaTa npaKTuKa 3a r.rscJreABaHe Ha crpyKTypHl,Ire rIJIa3MeHI4 na-
paMerpr{. flpocrorara u c[rypHocrra Fra ro3r.r BI4A IIJIasMeHLI MeroALI ru npaBrr
npeAlorll4TaHr4 B ycJroBI4flTA Ha KOMIIJIeKCHI,I KOCMIIqeCKI,I eKCIIepI4MeHTI,I, BKJIIO-
qI,ITCJIHO U AKTVBHI4,

Pa6orara Ha MHoroeJreKrpoAHr.rrr cQeprzueH fioHes yJIoBI4reJI Lr Ha II4Jrr4H-

ApriqHara coHAa Ha Jleurvr,rcI,ip Ha 6opl,a Ha KocMIzr{ecKI.I anapar, qpe3 xoftro ce
npoBexAa aKTI{BeH eKcrIepI4MeHT, e cBT,p3aHa c HflKoI4 HeloBLI oco6euoctn, xoe-
TO IIpaBI,I HeBb3MO)KHo AI1IpeKTI]oTo IIpLIJIafaHe Ha COHAI4Te.

,Il,eiicrnuero ua 6op4onurr r.rr{}KeKTop e cBT,p3aHo c TIoBI4IIIaBaI{e Ha IIoreH-
urda,ra na o6erra, ua qnriro 6opa e MoI{TI4paHo ciborBerHoro oprbAlze. Marap u
3a KparKo BpeMe, To3I4 rroreHgaJr npvp:o6zsa oracHo BLicoKIi sa conAlate trofi-
Hocrr4. flrpeocreueHHa 3a4aqa Fra eKcrrepzMeHraropa e npLIJIaraHero Ha npeBaH-
"TLIBHI4 MepKLI [O OrHO'IxeHve Ha COHAOBaTa allapaTypa B ycJIoBHfl Ha aKrI4BeH
KOCMr4qecKrZ eKCnep I'IMeHT.

Zsno,'rssaulrre B rrpaKTut<ara ua I,lucrzryra 3a KocMI4r{ecKI{ LI3cJIeABaHuf ,

EAH, c$epuquu ftoHuIa yJIoBI4rer'ILI [1] uruar B:bH'[rHa o6vust<a, o6t4xnoseHo
cB'6p3aHa c Koprryca I{a crlbrnliKa. Tr'fi Karo B MoMeHr Ha I4H}KeKIrut' ot 6oppa
Ce IIOJIyqaBa BZcOKa IIOTeI{qlIaJI}Ia pa3,'ILIKa Me>KAy KOpIIyCa Ha CII6THI'IKa I.I He,-

Ii3KpI,IBet{aTa OKOJIHa rrJIa3Ma, a COFIAOBT,TTe AaTqr4uII (B r{acTHOCT 
- 

yJIOBI{TeJIflT/

ca r43HeceHu Ha rqaHflr I43BT'H 3oHaTa na o6etres 3apflA, cb3AaBaHa oNo,no o6ex-
ra, c$epuuuuqr ttoHeH yr'roBrrred'r ce oKa3Ba rroAJrox(eH Ha AlzpeKrHoro Aeficreze

2 Aepoxocruuuect<a uscfleAsauufl, 9 17
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1c)1X coHAara ce 3apelKAa Ao aHoMaJIHo

es r Uc, flpu zsntnl{eHl{e Ha yc/'loBl'Iero
a \pv /c(101r< - Qs{Uc.

Qur.2

Ha rlnr. 2 e rowaeaHa 6,'roKoBara cxeMa Ha uz,'II4HAplzqHa coltAa Ha ,IIeFlr-

Mrolzp.
CoHAara ce cibcror.r or rrpeArra3eH e,'reKrpo^ (1) - reJI, rIpeMI4HaBalqa [pe3

KyX MeT Ce nPI'Ir'Iafa

E,IIHAKBO TBA I/3XOTA,

cBT,p3aH Ha IIOCTOflH-

HoroKoB rlepHara xa-
paKreprrcrr.rKa ce QopMqrpar B aHar'iofo- c), orK:bAero

rrocr6rrBar B pefr4crbp (6), npeau Aa ce noAaAar Kr'M cIIT,rHI4KoBara reJleMerpl4r.
Onacsocrra or rrpo6r.rB B ycr.rJrBarerrfl. (4) B yc,IIoBIzflTa Ha IzHx{eKur4fl Halrara

B:bBexAaHeTo FIa AOIII,JIHLITe,'IHo ped'Iel{HO ycTpoficrBo (Z) , Noero e UeJIec:bo6pa3-
Ho Aa 6bAe yrlpaBJIflBaHo or ycI,IJIBareJlr Ha roK (5) or Qur. l. Toea e peailIr3ye-

Mo, Tibfi KaTo o6I,IKHoBSHO B KoMIIJIeKca cII:bTI'II4KoBa Hayr{Ha artapaTypa coHAoBIz-

re MeroAIz lpuct,crBar r{pes eA]zHeI{ npu6op c o6UI4 @yuNqIlouaJiHl'i 6IoKoBe'
flo raN:be r{aqrzH ce rapaHTr.{pa 3arra3BaHero Ha coHAoBara er'IeKTpoHuKa rIpI{ Ha-

d'II4I]UC HA OIIACHO BI,ICOKI4 HANPC)KCHI{fl HA IIPOBOAflIqATA NOB:bPXFIOCT I]A OOCKTA.

@opuy"nara sa roKa, cTr3AaAeH or c:b6llpaHero lla eAI'IHIIr{HI4 fiouu npu brib,'I lla
araKa-gOo (trt,l wtex4y FlanpaB,'IeHI4flTa Ha coHAara Ha JIeHrMIovp v Ha cKopocr-
ra Ha o6erra), e

I i: A,tn ieao (l { kT il mius2 )- 2V I miuz) 1 12,

K:bAeTo ,4, e l,roul Ha collAara, [poeKTI4paHa BbpX)/ BeKropa Ha cKopocTTa a0

ua o6eNra; e 
- 

3apnn Ha eJIeKTpo Ja; ? - 
KoHcraHra Ha EorIIMaHi lni - 

TeM-

rreparypa ua tlouaie; ffLi - 
MAC& Ha IIoJIoX(I4reJII{I'ITe ftosu; V - 

IIoreI'IUHaJI Ha

coHAaTa Iro oTHorxeHLIe Ha nJIagMaTa. KaKTo ce BI4)KAa or QopltynaTa, ToK:bT B

KO"IICKTOPA HA COI]AATA HE CC OIPAH]flIIABA TI 3ABHC14 AIZPCKTF]O OT HAIIPC)KCI]ZCTO,

Koero ocBeH roBa AeI?crBa r.l 4rapexruo Br,pxy BXoAa Ha ycI4JIBareJIfl' (4). Ero sa-

I]Io e Heo6xoAr,rMo rrpeAnpl4eMaFrero IIa cIleqlla,'IHI4 x{epKLi 3a 3aIqI'ITa Ha coHAara

B ycr'IoBlrflTa Ha aKTIIBeH IIJIaSMeH eKCrIepI4MeHT.
Esexrunuoro AeficrBl4e Ha coHAoBara anaparypa Ha 6opl,a Ha cIITrrI{I'IKa e

cBa,p3aHO IZ C Apyfli OcO6eHOCTLI , HaJIAIaI\I4 BbBeXAaHeTO Ha AOuT,JIHI'ITeJIHII QyFIK-
qzoua.lsu 6,'roNoee [3] sa rapanrr.rpaHe Ha pa6orocfloco6Hocrra lla qerIrpI4eJIeKT-

poAHr4 fl c$epuuen IioHeu yJIoBI4TeJI I4 Ha UIl,rIZHApUqHaTa, eAHocTpaHIlO 3ailIl'iTe-

Ha coHAa Fra JIeHfMIoI.{p.

BI,ICOKA CTOIiIHOCT

101r {/a{30 /<
FIA I]OTCHIIUAJIA

- QsP Uci
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Er,;rrapcra aKaAeMus Ha HayKI.Ire. Bulgarian Academy of Sciences

AepoxocuuuecKg r.r3cJreABaHug s 66flrapux. 9. Aerospace Research in Bulgaria

Codns.1993. Solia

Vcrpoficreo AJrfl H3MepeHl,tfl

uHAVKArpHCbr orpa xeH Hfl

fapo Map}upocau, Pgnnua Kuutteea

[4ucmumum Koc,l4unecKux uccrc)oeauufi EAH

Oasofi us eaxHeliurux lpo6neM AlIcraHuI{oHHbIx cfleK-
tpo$orouerpr4r{ecKr.rx zsrr.repeuuil orpa>KeHHofo or 3eMHofi nonepxuocrrl LI3JIy'
qeHus fBJlfercfl oIIraMaJIbHbIft eu6op nH$oprrrarunustx 4eUuQpoBoqHbIX [pI'I3-
HaKoB. B qe"[qx pacrro3HaBa[rrf rrrra rroBepxHocrll 14 orIpeAeJIeHI4fl cocroqHl4q
r.rccJreAyeMblx o6:nexros ucnoJlb3yercn IlnQopvraquq, 3aKoAI'IpoBaHHaf B cneK-

rpa.nrnoft u npocrpaHcreeHuoli crpyKrype orpaxeuuoft TIMIL pa44a1\vv,.

llpocrpaucrBeHHafl crpyKrypa orpa)Kel{Hofi paLVaI\vIl BKJIIoqaer raKylo
cyxlecTBeHHyto xapaKrepHcrr.rKy, KaK yrJIoByro 3aBrlcI,lMOCrb CIIeKTpaJIbHOIO

r<ba$QzUrzenra orpaxeuran (CKO) , r. e. LIHAI,IKarpIlcy orpax{eHas. I4cc,re4ona-

HUe aHUSOTpOIHOCTI{ erIeKTpaJIbHOfO O e-

Hr4rr napaMerpoB I43yqaeltlIx o6lerton, r-
HF,re xapaKrepI4crLIKLI, zsuepenuLte npu o-

TOqHITKOM zu$OpuaqUu 06 OITLIqeCKI.{X X XapaKTepxcT?lKax OObeK-

Ta, oco6eHHo qro Kacaercf pacrurel a [B' 9] . Tat<, HanpI'IMep'
rzcnoJlb3oBaul,te AaHHbIX o6 uu4zr<arpr.rc lI, B ilacTHocrl4, 06 ee 3ep-

KaJrbHoii KoMrroHeHTe rro3Boflfler orrpeAer'reHI4e noJlrPLI3aUI4oHHbIX xapaKrepl4c-
rr.rK lrccJreAyeMoit rroBepxHocrrz [3] . Co ceoeft cropoHbl, coAepxaqaflctl B rlo-

Jrflptr3oBaHHoM LI3Iyr{eHIaIa auQopua\Vfl saBLIcuT or BIaAa pacTI'IreJIbHocrI4 I{ cBf -

.unu 
" 

ee Qasuo.rtoir.{ecxr\,I cocroflHLIeM I.I OeHolorl4qecKoft Qasofi paszwrnt l4l.
floelr111eHHibre rpe6onaHr.trr MaKcr4MaJrbHo oQ$eKTLIBHoro llcnoJlb3oBaHVfl. \krc-

raHrrrzoHHo fioJryqaeMbrx 4aHuhx ]r r4x rrpequ3Hofl aHTeprlperaul{pl npu a_Har'II'I3e

cocrosHLlq l4cc,'IeAyeMofi loeepxHocru nprano4tlT K Heo6XoAt4MocrI4_yr,ry6.neHuo-
fo 3HaHVfl yr.nonoft crpyKrypbr onrlrirecKl4x ceo'iicre o6texros. B or.ntlqtle or
HaAr.rpHbrx r4ccJreAoBaHzit, noxa yr,ronBte cneKTpaJIbHbIe xapaKTepI{crHKI4 3FIa-
r{I,treJrbHo 6o"nee c,ra6o [3yrreHbl. 3ro o6ycnoBJleHo, He B nocJIeAHIoI'o oqepeAb,
allnapaTypHo-TexHr4qecKr4Mr4 CJrO>KHOCTTTMH npoBeAeHl4fl TaKOfO poAa Ha3eMHbIX

I'I AIZCTAHIII4OHHbIX TZSUCPCUV T1.

Baxuoe 3HaqeHr.re yr,ronofi 3aBr4cr4Mocru CKO LI HeAocraroqHas ee l43yqeH-

Hocrb Ao cux 11op olpeAe.rlflIor aKryaJlbHocrl paspa6orrra ycrpoficTBa A"lts I43-

MepeHLrfl 14HAI{KaTpLICbI Orpa)KeHLIf.
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IIpr eropoM noAxoAe ycrpoficrno rrosBoJlfler ABHx(eHI{e u coorBercrBeHHo

Suxcuponaur4e crreKrpoMerpa no Ayre, qeHrp xoropoft JIe)KIir B IIJIocKocrH I4c-

cJreAyeMoro o6rerra. B erovr cflyrrae ofiT[qecKafl ocb cleKTpoMeTpa 3aKJlrorlaer
c o6exrou pa3JrnqHble yrJrbr, oxBarblBarr pa3JII,IqHbIe tro BeJII,IqI,IHe [JIouIaAI4 ero
IIOBepXHOCTI{, B KOTOpbI€, OAHaKO, BCerAa noIIaAaeT oAHa I,I Ta >Ke TOqKa, a I4MeH-

Ho UeHrp gyrz (puc. 1, 6), npnueM paccroflHl4e Mex(Ay o6beKrI4BoM I{ I{ccJIeAye-
MbIM yqacrKoM BcefAa oAuIHaKoBo.

B I4ncrrryre KocMuqecKI,Ix rlccJle4onauufi Eonrapcxofi aKaASMI'II'I HayK
paspa6orauo H€cKoJIbKo BapI4aHToB ycrpofiarBa AJr.fi
orp axeHu f - I1kIO. I4srorosneH oAI4H npocr efri:urwfr

- VII4O-I. I{e"rirm flBJlfJrocb co3AaHLIe ,'IerKo; repeHo
ler{[Barouero r{3MepeHue CKO'rtoA pagfl[qHblM yrJIoM BH3I4poBaHIrn. flpn erom
6o.nturur:r r.rHTepec B cryrrae [peAcraBJrfJlo He cro./IbKo fiolyqeH].Ie Hayr{HbIX
pesyJrbTaToB, KaK BbrflBJreHr,re 3KcneprrMeHTaJrbHblx pexouen4dqlltl tz d,ltsoAoe
B TCXHOJIONI4TIECKOM, gKCNJIYATAIII{OHHOM U METOAOJ{OIKqECKOM OTHOIIIEHI4I{, HCO6-

xoAI4MbIx npz paspa6orKe I{ gKcIIJIyaraIII4u cJIeAyIou[4x Irlo4u@4xaquil ycrpoft-
CTBA.

Bapuau"t VIWO-1 , KaK vr Bce ocr:rJrhHbre, BbrnoJIneII Ha ocHoBe nropofi xon-
uerrllHr4, KoFAa ABI'I)KeEI e eFIeKrpOMcTpa ocy4ecTBJlfleTefi Eo-AyIe II BI4SI',IpyeT-

cr oAr{H It ror x(e yqacroK uccJreAyeMoro o6rexra flpll [ocrorHHoM paccroflHLrrl
rraexly o6rexrou rz o6texrusou npx6opa.

tltO-t npe4crae;irer co6oil neiryrc, pas6zpaervrylo AIopaJIIoMranuenyro tpy6-
qaTyro xoHcrpyr'uuro, rro3BoJrfroulyrc HecJro>KHoe onepl4poBaHI4e elo oAHI{M I4JII{

AByMfl oneparopaMr4. tlepuoe noxpurue c npeue6pexrzuo uanofi orpa>xate"nlnoli
cnoco6nocisrc rapaurnpyer orcyrcrBtre HeroqHocreil u I{cKaxeHI'Ift [ccfleAye-
vroro npo\qecca.

Oaira us pa6ounx Bblcor ycraHoBJIeHI'Ifi crleKrpoMerpa fto:100 cm Aaer
BO3MOXHOCT6 COTTOCTaBJTeHIfi AaHHbrx ra pesyJIbTaToB MHO.IOJIeTHI4X l',tsuepenuti

[4, 5, 1lJ, upoao4uMbrx c o6r,r.rHoro rpnHox{Horo rIITarkIBa c erofi }I(e BElcorbr
B HaAr{p TeM >Ke CrreKrpoMeTpoM.

l1rVtO-t npe4uasnaueuo l.rlq pa6oru c crreKrpoMerp_aMr.I cepul4 I4COX:
HCOX-010, ZCOX-020, VCAX-022 u I4COX-lll 14, l2l.

Ha pnc. 2 floqasa1 cxervrarnqgnfi swg LIWQ-].' Cnexrpouerp MolKHo ycra-
HaBJrr.rBarb B HaAIIp (s:0') nB elqe &uono>xesuft-no 4 c o6eux cropoH c

rxaroM u zu4uxarpucst
noKpoB peryJrrlpotsarb ra
ArrycoM fl cneKTp0M€rp,, JI

eaHHofi BeprxIrHaMH pacrenuft :

h'-ho+h,
rre ho - Bblcora pacr:enuft.

O.res.fiAHo' qro npu uocrofiHHoM BXoAHoM yrJle 3peHLIfl z Y c[eKrpoMerpa I'I

HeMeHflIolqeMcf R (pilc. 3), oxBarblBaeMaf [JIoI4aAl S; aecue,4yeMqro o6terta
flBJIqeTcg Qynxquefi jrJla cl,r', saKJIIoqaeMoIO ollrl{qecxofi oc*o CIIeKrpOMgrpa
c uepleHAlrKyaspoM K rIJIocKocrII rlceJlgAyevroro, o6.lerra:

Si:f(s).
S; MI{HLIMaJIbIIa npl{ d:0o, T. e., KO,tAa OXBaTbIBaeMafl I{JICIqa,4b flBJIfleTCg

KpyroM (S;n,i*:S*p), t Sr MaKcI4MaJlbEa rlpu q:+60:' r. e.' Ko'rAa^lltrleer Qop-
My gJIJII,Inca c uutoilttr,tanlgofi A.nusofi Soliluofi ocu Dmax (Si.uro:S"roo).

S.netrenrapnblM MareMarr4qecKr4M arrrraptrroM Mox{Ho BbIB.scr}I SaBIIcI'IMocrb
Mel{qy rrJrorn4aA.bro Kp}ira S*r. n r,rnoulaAr*o erlun'ca S; 

"", 
MaJIafl ocl d xoto"poro

paBHa AI,IaMerpy r<pyra, a 6on;;lsafl lBrflercn $ynxqueft yr,/Ia c:
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3arJfteil. AeftcrBr4TeIbHbrx rexH14qecKo-3KCIIJIyarall,IzoHHbIX B03MOX{HOCTefi coB-

peMeHHbIX aBTOMarI4qecKI4X BbICOKOCKOpoc oB I'I np'

,,1-o6pasuafl" KoHcrpyKuIIx no3BoJller TpI4cbI orpax{eHl4s

eoAHorZ noBepxHocr n, nJtfl qero ocHoBaHlle rotlrb Ha 6epery'

Mocrl4Ke' nJlory Ir r' A' 
quoHiiirx I4 MeroAlzqecKl4x rlpel{MylqecrB
xrpotuerp ABl4x{ercfl IIo Ayfe' ueJleco-

eoexaoxHocTl.I ABI4xeHI f BOKpyf efo

AaHHbIX tlstr,tepenufi I',I HAI4Karp I4CbI or-

oAXoAoB BbIIIoJIHeHI'I sl4VlO (crr'r' pnc' 1'

a, 6).
f,Ka3aHbI ocHoBHbIe y3JIbI rIpeAJIafaeMol'l

? - nonopaiII4Balou,aflcfl naHeJIb (AncKJ'

r uecvEI'IfI , 5 - ropl4soHTaJlbHafl He-

- nporznoaec.
p.4"ttatu"*"te qerblpe cnoco6a ocyuecr-

nocpeAcrBoM:
n"rui 6 - xoAoBoro BI4Hra u raftwu;

III'ITAHI4C OCYilIECTRJIflCTCfl OT CI]CTCMbI

Kporvre KaK 1Jrr 14 3MepeHI4 fl rru4vr<a

TaK)Ke Arq 143MepeHI4fl rloJI.flpIi3aullIl
re,rLro$uszuecKLIX lIcc,'IeAoBaHIrfl x' ttp

eruvccriri HoqHoro rte6a l7l vr gp'

Anropu BblpalKaIor 6laro4apHoctb rul -Kopp' npoQ'A'Mnrueny 3a IIHI{u4arl{By' oKa-

3aHHyIO IIOMOlqb I'I UeHHbIe coBeTbI'

IIureParYPa
l.Kyycx,'A'SQsexro6parnoro6necxaoAHopoAHorop^acrl'Ire"IbHoronoKpoBa'-l4c-

JIeAoBaHIIe 5;;;; ;; l<o"*otu, l9B3' i\! 4' 90-99'
2. K y '*"'i"" pacrltreJrbHblx noKpoBoB' - I'IccleAona-

3. B a A 9-t p-1r' flonapusa[un cnera'
'1985, ^Ne 6, 72-85' --

4' M u ra ot'Kocuoca' C'' EAH' 1981 '

206 c.
5. KrrHqeBa, P. C

MI4 nOceBoB o
qecKoMy gKCII

6.MaPAr'rP.o_ct_H,
7. XeKoB, )K., l.

'{ e e. CflHxpoHFII'I Ha3eMHH I'I3cJIe

ro ue6e no trporpaMara ,,LIIt'rnxa"
yirFra cecus ,,Koc{uuecx_u_ rexu

8. Shi baYa ma' M., C. L' Wieg
effects on wheat canoPY relte
ment, lB, 1985. No l, 91-103' ions lor cover types of

9. K i m e s, D. S.'"iif .'b"i.""ti""^t iellectance factor distribqt
Nothern Africa' - Remote suntioi"lT'Enuironnttnt' ls' 1985' No 1' 1-19'
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Br,.nrapcra aKaAeMHq Ha HayKllre. Bulgarian

AepoxocnuuecKl4 I'I3cJIeABaHltq e Etrrapua' 9'

Co$rza. 1993. Sofia

Academy of Sciences

Aerospace Research itr Bulsaria

o6uroto cbabpxaHHe
eBepol43rotl4a Burapua

)pomen I'lgaHoea,
A,,nn n Ynr tn*ttnp

Bapnaunv Ha

HA O3OH B C

Xuerco Xercoe, noqomen I'leauoea
Bacun 3axapuee, Aueett XPucmoe

pnru ttncte1co.u.LLn. tB A HHnctnumgnt' ga Koci4uqectu uscneo+aHun'

flpo6leurr 3a [epI4oA]IqHI'Ire Bap:aat\vu Ha o6uoro ct'-

Abp)KaHHe Ha o3oH (OCb) e oco6eso axiyaneH. 3a Cesepnoro roJIyKlbJI6o pe-

3VJITATI'ITC OT UHTCPI]PCTAqI'I'ITA HA TC314 AAHHI'I IIOKA3BAT I43TbHflBAHC HA O3O-

nbu"" cnort c 30-50 .[lo6crHonu e4Iaurzqr [1]'
B 1986 r. s fr,puus e or6erq3aHa IIpoJIerHa orpuuareJlHa afloMalIl4fl Ha

o3oHoBI4f rpeHA t2] .^B 1987 r. e fIoIIxa e or6e,rqsaHo 3HaqLIreJIHO IloHl4xeHae

na OCO n rp. BercK l2l'
Anouanuure Ha osoHoBl'Ifl rpeHA e Enpona: or 1982-1983 r' s MocKsa

16l: tr tgg+-tg3S r, " Iotnna Enpona -^BrHq 4ra Bane pr Jluca6os [4]; or

ig'80-tgAZ r. n Cpe4ua Enpona 14], ca cxoAHLI (xoeQuquenrT,r Ha Koperlallur1

"_+0,++1. 
TesI,r 4auun ca I]oilylleHll oT Ha3eMHI, o3oHoMeTpI'IqHI,I crarruuu u o6-

pa6orxara r4M IIoKa3Ba orpIrUaTeJIeH d'II.{HeeH TpeHA na OCO n Ceeepnoro IIoJIy-

i<rn6o - l,4o/0, rz croreeruo n Enponr c:bilIecrBeHa I4sMeHqI4Bocr Ha cpeAHo-

3oHarHoro OCO [51.
I{enra ua paspi6orKara e Aa ce r{3cJreABar BapI4aUI,l.Ire Ha o6qoro cr,Abpx{a-

""" ir osoH e'CeBeporz3roqHa Et'rapua sa reptzo4a vrafi-anrycr 1989 r.' 
''o-

JIyqeHLI c HaseMeH o3oHoMeTibp M-124 B xl'IApoMereopoJlorl4qHara cTaHUZn B

Ka,'rnaNpa.- 
CraHquqra e KaII4aKpa e pasIIoJIo)KeHa ua 59,12 m uaAIi'topcKa BI'IcoqI'IHa'

feorpa$cxnre il roopA^nir^ ci 28"28' LI3roqHa AbJIx{IzHa u 43"22'cesepu IIIH-

pr"i. I't*uilxn upe4nuA KoHcep-BarI'I lra MepI'IAIloHaJIHa crparoc6epna urp-
xy"rrauun Ha BIIcoqaH a rc 20-22 km ureJl-

Hara orAaJleqeHocr na Ka.nuaxpa or Moxe

AA CC CqI4TA, qE IIOJIYI{CHI,ITE PC3YJITATII ABHO-

MepHa 3oHaJIHa CTpyKTypa, KaKBaTO- -' 
Lir"r"aua ce obb nb'perynrur" ot Aan-

Hr4Te ca [pLIBeAeHI{ s ra6n. 1. ,[lunre c se6.uaronprtl"rHpr MereopoJlofur{Hl4 yc-

JrOBlItr Ca IO-MaJIKO OT qeTIIpI4 Ha MeCe{ LI He Ca B3eTI'I ttOA BHI'IMaHI4e' rt'ft XarO Ca

B paMKr4re Ha Aorrycrr.rMoro 3a olpeAerqHe Ha Bapvawlrare na oco.
^ 3aAaqa nu rsc,[eAsaHero e Aa ce npoBepI4 F,Amt crofisocrure Ha o6xloro c.b-
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A method for mathematical modelling
of linear svstems for automatic control

Tomas Zdraaea, Dora Krezhoua, Dojno Petkoa

Space Research Institute, Bulgarian Academu of Sciences

Identification of system, i. e. determining their struc-
ture and parameters by observation, is one of the major problems of modern
theory and technique of automatic control. In order to determine the unknown
dynamic characteristics of a particular object or system, the relation between
the input and output quantities must be represented in mathematical terms.
At present, no common classification of identification problems and methods
for their solution exists. The identification methods develooed differ in tvoes
of identifiable objects and tuned models, and, partly, in criieria of identifi^ca-
tion quality, and, especially, in identification algorithms [1].

This work deals with a method for mathematical modelling of linear
control systems, intended for linear dynamic object identification. This me-
thod also helps solve the problem of defining an optimum model whose output
response approaches closely the output response of the identifiable object.

The method allows determination of the response of a dynamic object or
system to the input stimulus, using mathematical modelling on a microcompu-
ter system [2]. The investigated signals are subjected to linear filtering. The
results are estimated by a criterion of identification qualitv. On the basis of
the optimum model paiameters, a physical model of a lineir tracking system
as a separate module of a microcomputer system is developed, using electro-
nic components.

tracking system with one input and one
andom stationary process, independent

;"fi1ll"iirton 
of such a system with a

e system in Fig. 1 is accomplished on
input action r(t) and output signal

A@ npilVing the model developed, the parameters of the models of the hu-
man operator (HO) and the controlled object are determined such that the con-
dition-of optimurn tracking be fulfilled, namely the difference y"(t) between
the output signal of the physical system a(t) and the output signal of its model
y6l; tends to zero at any moment l)0 of the system operation:

3 Aeporocuauecxfi lrscne,Asaul.rrr, 9 33
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The spectral noise component can have a magnitude, commensurate to the mag-
nitud-el of the linear r-eaction of the human operator model. Expression (3)
can be rewritten in the form

(6) u(irrl):\v,(ja) E(ituo)*N(iruo).

The basic procedure employed in the mathematical modelling is linear
filtering. The dynamic process of a given system is modelled by a set of filters
with linear operators Fi and weight coefficients ri(t). The output response

0@ of the model is determined as asum of the output responses of the filters:

(7) 0 U)':>lFi*r(t1)1,
where the symbol (*) denotes the linear operation F over r.

The clais of lin<iar filters is described'with the convolution integral (3).
A discreet analog of the convolution is the expression

(8) 0 Q,):> g(ti-") r (t), i:1, 2,. . . ,n,

in which the pulse transition function g(t) can be replaced by the,frequency
response of a linear filter F;. This fol ows from the properties of the Fourier
transf ormation.

The filters employed can be oi different types. In.order to obtain the best
correspondence befween the output response of the physical system y(t) and
the output response aftl Ul. of the model with a small number of filters, the
pulse characteiistics-rirust'6e similar to those of the system investigated. This
match is estimated with the criterion of identification quality:

(9) J (c):t14 {Flg"(t), cl},

where F [,] is the loss function, and M {,} is a symbol of mathematical expec-
tation.

In the method considered, a quadratic loss function is employed, since
it leads to relatively simple lineai estimation algorithms. So criterion (9)
takes the form

(10) l (c):M{Fly!(t), cl}.

The minimizalion of the quadratic criterion (10) is the condition for op-
timim tracking and corresponds to minimization of the mean square mismatch
error

(11)

where Z" indicates that
The- criterion, thus

of the separate units,
An ootimum model

which the mean square

":ll,s1t,1-i{il]"''

r n 12 ltlz
I y aus_j1t,ll )Li= ll

:ll u -011"",

the norm is in Euclidean space.
defined, is a function of parameters c:{cr , c2,. . ., ch}
i . e. e:l(c).
of the system is obtained at a set of parameters c for
mismatch etrot g"(t) reaches a minimum value, i. e.

(12) minll(c)l:min

Parameters c are determined by equating to zero the partial derivative:
of the function I with respect to c and fisolving the set of equations obtained

35
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cant advantage of this method is that simultaneously with the estimation of
the identification quality by the criterion selected, the stability of the system
in the specific frequency range is checked, too. At the same time, the suggest-
ed method of mathematical modelling makes possible the confinement of the
possible realizations within the tolerable values ol the technical units and the
assessment of the parametric sensiiivity to detuning of individual components.

This method is applicable in designing and investigating a wide class of
complex technical systems under severe operating and economical limitations
and, in particular, systems, related to space research.
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MeroA 3a MareMarr4qecKo MoAeJrr4 paue
HA TI4HEfiHI4 CIiCTCVII4

3a aBTOMaTr4qHO VnpaBJIeHr.re

Tonac 3dpaeee, !,opa Kpeucoea, fiptiuo lTemrcoe

(Pesrcrvre)

C paspa6oreHr.rq MeroA 3a MareMarllqecKo MoAeJII,IpaHe ce
pe[aBaT 3aAaqr.lTe sa ra4euruQvKaI].:[rfl Ha lxI,IpoK Kr'Iac c[cTeMr,I 3a yrrpaBJIeHHe.
Tosz MeroA AaBa BT,3MoxHocr Bb3 ocHoBa Ha [porpaMHo peaJrr43r4paH MareMarlz-
qeH MoAeJr Ha JrI4HeriHa AT4HAMll1.qHa Cr4CreMa Aa Ce OnpeAeJrrz peaKUrlffa i Ha nxo4-
uoro nrs4ericrBrze. O6pa6orrara Ha HscJreABaHrzre cr4rnarrv ce z3B6prxBa Ha TIpLIH-
rlr4rra Ha ,ruseftHara $ra"nrpaqnn B qecroTHaTa o6ilacr. Bt,e ocHosa Ha us6pat
xprzrepuii 3a KaqecrBo ua z4euruor4Kar\uflra ce orleHfBa I43xoAHara peaKUI4n Ha
MOAe,'ra Ha cI4CTeMaTa U qpe3 I4TepaTr.IBeH aJrropr4TibM Ce onpeAeJrfT onTI4MaJIHI4Te
rrapaMerplz Ha cllcreMara. Mero4rr 3a MareMarl,IqecKo MoAeJrrzpaHe rro3BoJInBa Aa
Ce OfpaHI4rIaT BT'3MOXI{I{Te peaJII'I3aUW]r4 HA MOAe,lII4Te B paMKI4Te Ha AOIIyCTI'IMI4Te
croftHocrr4 Ha rext{llqecKrre 3BeHa I,r Aa ce orleHqBa [apaMerp[qHara qyBcrBIzreJI-
Hocr Ha BceKr,r MoAeJr KtM pa3crpofixa ga orAeJrHrzre KoMloHeHTr.{
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Ha npaxruKa r.r cJreA roBa rperr.rpaHe He3aB[caMo or Aocrl{
BaKyyM B cl{creMara pa6orer{ara MKII orAe"rrfl fa3 c 6orar cnexrt'
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TAT6I{HIJfl IA3 MOIAT AA OKAX{AT B.II,IflHHC B6PXY KPAliIHLIfl, CKCNCP HTaJreH pe-
3yJrTaT.

Haruqaero Ha ocrarbqeH ra3 c 6orar cnexrbp, Ha Br,IcoKo HAlpe)KeHHe L
HHTeH3HBHa eJreKrpoHHa 6ovr6ap4rapoBKa B Ka*aJrr4re Ha MKII ca rfipe4nocranra
3a Bb3Hr{KBaHe Ha eoexra Ha,,o6parHara ftoHHa Bpb3Ka". Heftuoro AeficrBae e
Hex(eJraTeJIHo, Tbfi KaTo oKa3Ba He6Iafonp[rITHo BJrr4flHI,Ie B6pXY OCHOBHI4Te na-
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. Oui. 3' 3asucl'IMocr-MexAy HalqfaneTo B cucleMara rr ''

HanPe)l(eHHero Ha M KII

AT,p>I(aI]Ice,onpeAeJlfHnpeAI'IMHOOrHaJlflraHeroI{Hanpex(eHHeTO--$rar'3'
3 asucurrnocrra e fioryqeHa eKcflep I4MeHra

40 pm, pa3noJlox(eHl4 YcnoPeAHo Ha

Ka e l,l3B'bplueHa npI,I HafpffBaHe (z

a nJracTAHATa oKa3Ba cblqecrBeHo Bllvfl-
B:b3-

SAHLI
prr4 s
IIprl

BapI4reJIHO rlarpf B'aHe 14 TpeHI'Ip-oBKa'

cn6xrtpa Ha rasa, s 6op6ara-c o6parHa
TO I43[OJI3yBaHe B Apyr"I4, HaJlafar crle

TeH cayqali e ueo6xoAulr'l uH

uara o6pa6orKa, cr,o6pa3eH c
IT}B:/.LTA'Ha HecTaql{oHapeH BaKyyM'
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Etrrrapcxa gl{aAeMnfi Ha llayKtre' Bulgarian

AepoxocunuecKlr I'IScJIeABarus B Dtnrapur'' 9'

Corbus. 1993. Sofia

Academy of Sciences

Aerospaqe Research in B'ulgaria

M
HA

HA

Ha aepoAI,lHaMI4qHUTe xapaKTepncrnKl'l

Ha r(pbcroo6pa3Hn KpldJIa

ilpl4 AQ3ByKQBI'I qKopoc-rl4 Ha floJlera
qPe3 uPocrPagcrBeHF BrIxPoBa

eroA 3a orpeAeJlf He

cxeMaTI43aUI4f ;Ha KpI4JIoro

Bono}n Hurconoe

Hucm.umgm 3a, fioctl4twecgu uscne1oant'ln' E AH

.

Kptcroo6.pa3Ho KpI'IJIo ce Hapl4qa roBa'

BaHo or ABe eAHaKBtA e [raH wpina, npecl4qalqu ce IIO JII{HI4flra
Koero e o6pasY-
Ha cI{MeTpI{fl Ha

Our. 1
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nph KofiTo Kp:bcroo6pa3HlrTe Kpr,rJr a vMaT T,rbJI MeXAy ABAra rila1a 90o tl t'rl.rt

V:45". B nltan xprz.noro Mo)Ke Aa r.rMa npor43Bonua (c"noxHa HaqyneHa, KpIlBo-

JIT4

Np :ncroo6p a3 Horo Kp r.r Jr o ce AB I,I)KI4 rlocrr,rlareJl Ho c rlocro fl H -

Ha riue (B:b) u c uallx r,ribJr Ha araKa o. llpueuane, qe rrJra-

Ho ca rr,HKI4, c.na6o orr,Harl'I.
3a1arlara ce peuaBa s II4HeIiHa IIOcTaHoBKa. flpu nsuucJlflBaHe Ha aepOAI'I-

HAMI]qHI.ITC XAPAKTCPHCTI,IKI'I BMECTO KPI4JIQTO CC PA3IJIC)KAA CXEMATIZSLIPAH MO-

AeJr, KoftTo rrpeAcraBJrflBa cpeAHr4Te rroBbpxHaHLI Ha FIocexIIlTe [JlocKocTI'I 14 ce

Ha .n. llpe4nonara ce' ile B IxeHI4e cxeMa-

TI{ e eKBLIBaJIeHTeFI Ha pa3 pa3Ho {Pn'no'
rroMorqTa Ha ra3oAllHaM r4xpv. Buxpo-

BLII4CbeAIIHeHI'InCnO6o4uuBI',IXpI,II4T'Hap'"KoHrpoJIHI',{rOqKA"
ce pa3noJlaraT BT,pXy 6asosufl MoAe,'I. Ha n"nocrOCTI'ITe Ha 6asOsug MOAe'I ce

yAOB,'IeTBOpflBa yC,'IOBIIeTO 3a IIJIaBHO O6TI4qaHe, a IpaHLIqHOTO yCJIOBI4e 3a He-

nporeKaeMocT ce I,ISrlbJIHflBa B KOHTpOJITII4Te rolIKI4'' 3a onpeAe,/rflHe Ha aepoArrHaMlrqHnre HaroBapBaHHq e Heo6xo,u,rIMo Aa ce

HaMepI{ HaIIpe)KeHrteTo FIa q[pKy,'IaUl4qra f Ha BLIxpoBI4fl cJloft, 3aMeHfII], KpTrC-

roo6pasHoro xpz,tro. Aepo4IlnauuqHl4re xapaKTepI4cTI4KH Ha KpIlJIoTo ce onpeAe-

,'IfT HeIIOCpeACTBeHO OT HaMepeHoro pa3IIpeAeJIeHI4e Ha HaIIpe)KeHLIflTa Ha BI4X-

poBr.rfl c,'Ioil Bbpxy 6asosun MoAeJI IIo cKI'I'
' 

Bt,eexAao,re napauerplr, xapaKTep FIa Kpbcroo6pa3Ho-

To KpIzJIo Karo rB:bpAo rfJlo - KIzHeM fionaraMe' qe KI4-

HeMarr.rr{Hr4re rrapaMerpr{ ca cJreAHure 6espasMepHIz SyHxquu' He3aB}Iceulu or
BpeMero []:

Qt-:CL, Qz:Ax, Qa:Wz'

IIOcTpOflBaMe qpe3 3aAaBaHe KOOpAI.IHaTI{re Ha T'fJIOBI4Te

e MexAy npeqynBaHl'IflTa, Mecrara Ha lpecl]qaHe Ha rIJIa-

Xot", Xor", Xrt", X12", !L", !2", 21"> Z2r,

K'bAero xoLr, xoL, ca KoopAHHarII Ha rIpeAHI'ITe p!6oBe Ha yqacrbK Ei x11,t Xne -
KoopAr{Harrr Ha saAHHTe p'b6oBe Ha yqacrtK €.

'orqnrafircn 
cnMeTpr{rrTa Ha Kpr.tJroTo cnpfMo paBHI,IHaTa xoy, pa9ilexAaMe

caMo .u,flcHara lonoBr,I;a Ha 6agoBrzfl MoAen. Pasuepnre Ha yqacrblrlrre t IIo pa3-

lepeHocrra Ha nnaHa oSHaqaBaMe c ,e.

BceXn yqacT'bK e pagAenflMe Ha JIeHTE N" upee npaBI'I JTAHI4H, yclropeAHn Ha

ocra Ox ((iur. 2). Pas6usa'ero H3B6pruBaMe ra*a, qe EI'lpI4Hara Ha JIeHTI'Ire

lpp-1, Ht pagnur{HnTe yrlacrbllu Aa e npH6JIH3HTeJIHo eAHaKBa'

BtsexAat\,Ie ABoftHa HOMepaIlHfl Ha CeqeHHqTa' KaTo CeqeHl4flTa, B KOI'ITS

yKagBaMe IOJIO)I(eHI]eTO Ha B14XpUTe, OgHaqaBaMe C k", A CeqeHgflTa' B KOHTO

yKagBaMe noJlox(eHHero I{a KoHTponHHTe TOqKH - -P.. flpu.roBa noJlafaMe, qe

'n"(p') : O Ha AfcHara rpaHl'Iqa Ha yrlacrbKa a k,(p,): N" Ha nrBara My

fpaHHrla

1)
(

Bzxponun MoAeJI

TOIIKI4 Ha yqaCTa'III'ITe
HoBere (Srar. 2):

(2\
ri

0<k,-<N", O<p"<M. ;

cneA rosa BceKH yr{acT6K r pa36HBaMe Ha naHe/tu, nonyqeHll OT flpecHqa-

Hero rra JTHHLIIITe k,(p") c JtLIHhHTe v. .Ilsunnre v ce nonyqaBar or AeJIeHHero

B onpeAeneHo CboTHoIIIeHI,Ie Ha xopAHTe b1" vr b2,, olpaHl'Ir{aBalln yqacrbll}ITe

s cborBerHo orAflcHo H orJIflBo (sur. 2).
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brtltr Ha crPeJroBlr,{Hocr Ha AHcKperHI'lTe suxPs, ce. onpeAenl or tpop-

Mytara t , ,.

TI-T _
. ttun*r,-eoo)+A*(bn-r,-bu,)

(i) tg*u,lol-r, zn" 
'

h:1,2,,;., N"i P-1,2,..., n",

a r-urpr.IHara Ha AHcKperHI{s Blrxtp ot Qoptrlynata:

:- 1.. -

(g) [nh-re: -:--6:'2 :(1,n-rr-(1,n,,

h:1, 2,... , N"; P: l, 2,; ' ', flr' 5

BUXpnre, pagnono6eHg Ha JIfiBaTa IOJIOBHHa Ha .6a3OBIrfi MoAeJI, Ca CnMeT-

pr{qHH cnpnrvro paBHnHAfa XOy na BnXpdTt Or 'JisCHata noJtOBI{Ha H rexHHte

KOOpAHHaTH Ca cboTBeTHo paBHH:

lthe ,,1"h s ttkt lth e -Fbe ,!he
(g) o(ut-tr:tpft-l", oTlpA-ls:nuft-t'r oquA-lc:-9ua-1"r

TOFapa ce noJlyrlaBa

(10) okn-r.-Tpp-rsr oxll\.=-xi!o1r".

Koop,qrrnaflare Ha KoHTpoJ]Irhre roqKl{ OnpeAexilM€ flo oopMyr|{,re

1

1Y;, 
" 
- ! tbo p- r,+ €op") * ll3.r..{Fr-.r 

" 
+'6 o } ;

nulo'-r. : j- 1n' o -r" * Tlur 
"), 

{,!o'-r, T }( 6no*, 
" 
+ (n o.\ ;(1 1)

p:1, 2,. .. , N"i v:1, 2,.. ., llr.
f{npryaaqnfTa. Ha rr,pHcteAHrteHHre_ gHxp$, KoETg RoMecrFaM€ BbB BcfiRa

naneaa,-npeAcraBflMe B cneAHHfl r,up, [2):

(12)
F4pkt-1" : tt'6bl pn!-t r,

h:t,2,..', N"i F:1,2,.", n"'

Buxpornnr MoAeJr, saMeHsrrl AfcHaTa noJroBHHa Ha KpBcToo6pasnoro KpllJIO'

npeAcraBnnBa cl{creMa o, Z Z E m 6pq ra'IIeJIE c pasronoxeHn B rrx
ehtr

CHCTeMH OT npHCbe.4nHeHI{ ra Cgo6gn'Hla EHXpI{ u SpoU Ha HeI'ISBeCrHIrre CTofi-

HOCTH Ha qllpKynaqunTe Ha I|pHCbeAI{HeHHTe EHXFE{, KOttTO nOAJIexaT Ha onpe-

JLerIflHe, e ! .Z E fpftfr-r''
ehp

3a ,qa onpeAenHM Hopfia.rrHard cKopoct B KolltperJnra Toqka c KoopAhiizirlr

.-!P e vPE nnp" \ _-_- ___----_^((vp-'"r Tlvp-l", bvp-t"), HHAyqHpaHa oT Bltxpo'a cl'lcTd*a' Ha Kofl Aa e naHer&

pagngJro)r(eHa Bbpxy 6agogug MoAeI, B'bBelI(AaMe' Ha BCfKa aenra ft-1u, &" MecrHa
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. '1thh-\,-l \@ <rpp-t"

P:I,2r-..,

+ 
" 
*' rffi -ii,1 

s in Ayl lo,L u-r,: A{,oo! 
-., ",

M, v:1, 2r,.., ft"i 7i:a, (!)x, IQ)z'

Crofinocrar " "^ 
A:'r!)--r" HMar cneAHHfl cMl'tc'brl :

(2r)
A(:)o-r"- -1, A?rl-r": -GYr'-t,cos ryr"+nlfi1" sin \rr"),

l@") 9'P,nrpp-|".- 
-\v4-le'

Onpe4e.unfirn or cncreMnre ypaBHennn (20) aepoAldHaMllt{Hfire npoHsBoAHI'I

r{a rIHpKyJIaIIHflra ll,Lo-r,, HsnoJI3yBaMe reopeMaTa Ha XyKoBcKlI H onpeAenflMe

CyMapHHre aepoALIHaMHI{HH xapaKrepllcraKu Ha Kpbcroo6pasuoto KpItJto no cneA-

unre QopuyJrr{ 3a CHMeTpHTIHH ABIa)I(eHHfl:

,N,

co"':q# X Z 1nn-t,
e=l r:r

lli

\' I-n,
.a " uhk-lrt
ts=ro

(22) d.ln"' - t ,',:,r-,"
[=ro

AeIN,

-4s Z Z 7na-r"
e= t h-l

uh^

E*u"-r" '

Qi:cl" (02t

K,bAero p0 e HoMep Ha B5xtpa, pa3noJlo)I(eH saft-6.nuoo Ao IIpeAHHs pl6_ n Clor-
BerHaTa'nLnta p-I,, kri I\ '- norr,Iep na BHxbpa, pa3IIoJIoxeH Hait-6lr'Igo Ao

3a,u,Hr{rr pr6 n cbtllara JIeHTa.

flpr acuuerplrrlHo ABItII(eHIre cyMapHI4re aepoAnHaMhrIH14 XapaKrepncrl'IKE
Ha Kp;croo6paenb KpIdJIo ce onpeAenflr IIo cJleAlrara Qoptuyna:

(23) ;r:-^# i ; 7nn-r" .i ,:;r-,"((li"-,".o.vu"*rli"," sinvo,).
e=l h:l tr:tro

B sarrlo.reHl,Ie ca ,[,aAeHIt pegy/rrarl{Te, no[yr{eHl4 c npeAJlox(eHl4fl MeroA

npH onpeAeJrflHe Ha xapaKrepHcrrrKr.rre Cl,, *2, 4", *7', m7'"upa3n8qHH qHcJIa

M na up,acroo6paeuu Kprrna c pasnllr{Ha reoMerpltfi (ra6l. 1). Bcr'Iuxll Kpvna ca

MoAeJrHpaHH c.sc 128 Br4xpoBr4 cHcreMH, paorronox<eHl{ Ha AqcHara rIo/IoBHHa Ha

6agoslrq Mo.rLeJr.

3a upoeepra Ha roqHoCTTa Ha IIpe,U,JIoXeHI,Ifl MeToA 3a MOAenI{paHe Ha

QyurquonanHocrra ua paepa6oreHllre ttporpaMll Mo)I(e Aa. ce KBIIoJISyBa cpaBHe-

Htrero Ha aepoArrHaMlrqHr.rTe xapaxTepncrlrxl4 Ha rplcroo6pagHl,l I4 MoHonJIaHoBH

KpHna.
ZgsecrHO e, qe BCeKH n.IIaH H'a xplcroo6paSHo KpHno OT paSfJIeXI..a}l.us'Tr4rr

(rrl.rI lrlex4y ABara n/IaHa 90o,n rrtn V:45o) nlla xoe@nuneur Ha noAeMHa

cnJta TaK6B, KaK'bBro e I{ roeQuqueHrtr Ha nsonupano (lraononnanono) KpI'Ino

rrpn cbilIara cKopocr Ha o6rnuaHe [4].
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9S06'0-
sz68'0-
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gveg'o-
6tz9'o-
8t19'0--
szlg'O-

tE99'0-
1w9'-0-
tzEg'o-
E929'-0-
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,000'I-
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Z€LI,T
zrLo'v
2900',t
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L888'7,
8998'z
9028'z

SZ6E, E

V6II, E

08 I0't gw6'z
o8t6'z

9nIr'z
LovE'z
L96Z'Z
SzLz'z
rsgz'z

tsog'g
9nII't,
ZIIO,E
t,Ls6'z
s0v6'Z

g: r(ElY
co: [t,

S:Y

7,:XEl\

0:r(811
Z-lt

s'z:\

v:xEw
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Ta6nr.rqa 2

o 2,9341
0,2 2,9593
o,4 3,0403
0,6 3,L979
0,8 3,3903

0 2,2167.
0,2 2,2?70
o,4 2,2593
0,6 2,3186
0,8 2,4168

o 2,9779
0,2 2,9825
0,4 3,0595
0,6 3,2089
o,g 3,4846

0 2,8868
o,2 2,9093
o,4 2,9755
0,6 3,1100
0,8 3,3932

0 2,9715
0,2 2,9978
o,4 3,0625
0,6 3,1839
0,8 3,1839

Kprcroo6pasHo Kpuno npu \r:45 t paBHora6apllrHo MoHOnJIaHoBo KpHJIo ca

p4BHH npH paBHH brJIH Ha araKa.
B ra6.'1. 2 ca AaAesu pegyJrrargre, roJryqeHu qpe3 MoAenltpaHe c noMolqra

Ha rrJrocKa cxeMaTr.r3aUr4fl Ha KpHJroTo [2]. I4scleABaHIt ca MoHolJIaHoBlI KpHJIa c

reoMeTpnfl, KaKBaTo I{MaT [laHoBeTe Ha Kp'bcToo6paOHHTe Kpnna. EpogT Ha BHx-

poBr,rre cHcTeMu, c KoHTo ca MoAenlrpaHH MoHoIIJIaHHTe, e 120.' flpu cpaBHeHLe Ha rpoH3BoAHLIre Cl sa pasnuqHlr qucJla M ua rplcroo6.
pasHl4 Kplina H cboTBeTcrByBaqnre I{M MolonnaHll (ra6l. I n 2) ce BI'I)KAa'

qe pa3nt KaTa B pe3ynTaTaTe He HaABHUaBa 3r50/o, KoeTo IIOKa3Ba 3aAOBoJIH-

TEJIHATA TOTIHOCT HA NPCAJIO}KCHVff MCTOA.

,Ilurepary p a

L Be;rouepKoBcrr'rfi, C. M., E' K' CKpIrnav. Aapo4niraMlrqecKl'Ie--np9l{3BoA-
Hbre .rreTaTeJrbHofo annapaTa r-r Kp,ura npr'r Ao3ByxoBbrx cxopocTrx. M., Hayxa,
1 975.

2. Be;roqepxoncxutl, C. M., 6. K. C{-pH-raq' -Fr-f.Ta6a't HI'IKoB'
Kpnlo B Hecralr[oHapHoM noroKe rasa. M., Hayxa, 1975,

3. E o H e r, B. I1I. fJoreuqHal- cxopocretl H noJle cxopocrelt, I4HAyqfipyeMblx BI'IXpeM IIpE

AosByxoBr,rx r.r cBepxgByKoBbrx cKopocrsx. - B: Hayuno-uetoAl'rqecKlle Marepl4a-
Jrbr uo KoHcrpy*q"" r 1fA leraieltsnx alnaparon. M., BBI,IA uru. npo6.
H. E. fiyxoncxoro, 1973.

4. B o T q K o B, B. A. AepoAuuarr.rlrra JrerareJrbr{brx annaparoB I,I ll4ApaBJII,IXa ux clrcreM.
M., BBI4A r.rru. npoQ. H. E. Xyxoncxoro, 1972.
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Er,nrapcxa aKaAeMI,Is Ha HayKHre. Bulgarian Academy of Sciences

Aepoxocrr,ruuecKr.I u3cJIeABaHus s Ernrapza. 9. Aerospace Research in Bulgaria

Codus. 1993. Sofia

IzlscileAnaHe Ha crarrnoHapHnre
v HecTar.II4oHapHHTe aepoALIHaMHqHI'l
xapatffepl,rcTl,Il(H Ha opraHl4
3a yrrpaBJreHl,re Ha JIeTareJIHil
anaparH rlpl4 Ao3ByKoBH cKopocrl'I
qpe3 BHxpoB MeroA

Bono1n Hurconoe

Hncmumgm sa Koci4uqecnu uacae)oanun, EAH

,IIerare.tu4re anaparvr I4Mar ctreultaJIHI{ IIJIocKocrI'I' c
noMoI[Ta Ha Ko[To ce r.r3MeHrrr rexHrzre csoftcrea. Tegu nlocxocrl{ ce Hapl{qar
yrrpaBJrsBaqq opfaHl4 (VO). "flerareJlHl{flr anapar LIMa HqKoJIKo VO, Kol{ro ce

I,I3IIOJI3BaT.IIOOTAeJIHO I4JIH 3aeAHO B 3aBI4CI,IMOCT OT pexuMa Ha noJIeTa.

O6[xnbeeHo VO (ropult.ua, eJIepoHI{, 3arKpvilKLr u r. u.) npeAcraBJlsBar
orKJroHflBarqn ce qacr[ or Kpr{JroTo vlrrr oT orlal]rHaTa rlJlocKocr. Mex4y HerIoA-

BHX(Hara I{ oTKJIoHflBaITII{re ce qacTLI ce o6pasyna [poJIyKa. B c.lyuafi, tIe HeIi-
Hnre pa3Mepr.r ca MaJrKLr, BJrrrl:aero i ntpxy aepoALIHaMI4qHIrre xapaKrepl{crlIKI'I
Mo)r(e Aa ce npeue6perHe I.I Aa ce cqLITa, qe Kpu,[oTO Lr VO ce o6ruqar Karo eAHo

un.uo [3].
Pasrnex4arvre KpI4JIo, LIsBbpIUBaIqo HeycraHoBeHo ABI{xeHI4e cr,c cpeAHa

cKopocr ust Koflto He 3aBr,rcl{ or BpeMero. flpneuaue, qe :ltt'r'Ibr Ha IIJI63raHe

B u ruonara cKopocr Ha Kypca dln ca paBHIl Ha HyJIa.
brlnre Ha orKJroueHr{e Ha VO osHaqanaue c 6. llpuevraue, qe rloBbpXHI'IHa-

ra Ha KpLIJIoTo MolKe 4a ce 4eQopMI4pa BCJIeACTBI,Ie Ha orKJIoHeHue na VO. Ae-
Qopuaquma MO>Ke Aa ce XapaKTepI{3I{pa qpe3 oTKJIoHeHLIe Ha cpeAHaTa IIoBbpx-
Hr.rHa Ha Kpr{Jloro or HeroBara IIJIocKocr A:0 lll

(1) n(q, (, ^c1:aE'-E"c), x:+,
KbAero b e xapaxrepeH JILIHeeH pa3Mep.

B .luneriuure 3aAaqLI 4e$opuaqraflTa Moxe Aa ce [peACTaBI,I Cbc CJIeAHaTa

Qoprrtyra:

n (€' 0:lo (E' E)6'(21

oo
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Ha

(7)

K'bAero

(8)

KoopAnnarata
MecTHOro peueHue

(e)

KopMllfloro I{ eJlepoHa c ausefiua roqHocr Moxe ra ce 3anl{Iue

-/* - /6*, !.: f6.'

r: (x-xo)/cos 0.

x0 Ha npeceilHara roqKa Ha ABeTe [paBH HaM]IpaMe or c'bB'

Ha TexHI,ITe ypaBHeHl4fl

xo: xsinz 0 *z sin 0 cos e + Co cos2 0'

flpeunHanaue Kt'M 6eepasvepul'I KoopAl{HarI't

(10)

3aMecreave xo n (B) H noryqaBaMe

(11) -p:-Ecos0*(sin0* eocos0' P: rlb' Cs:Clb'

flpe4crannirru6eapasuepHaTale$oprraaqr1fHanoB.bpXH[HaTaqpes[3pa3HTe

(12) n*:.fu*(6, ()6-(t), n":.f0"(6' O6"(t)

u orqnraf,xu, qe nK: -p6n, I": -p6", nolyuaeaue Qynrqusra f{E, () n Heftuara

npolrsBoAHa dfaldE.

?ecos 0 *( sin 0 * Co cos 0 sa Ancuoro KopMHJIo (e'rrepon)'

(13) /ttE' 6):io 
Ha Kpr4rroro 

'rsB'bH 
KopMLIrIoro (e.rrepona),

-cos0 Ha AflcHoro KopMI'Ino (enepon)'

0 ua xpunoro HoBGH KopMl4noro (eaepona)'

rv-Z1:i, Yl :?, .:-T'.U

(14) 3:t
3a usqucrqBaHe Ha XapaKTepI{cTI'lKI',ITe ua vo ce I4SIIOJI3Ba BI'lxpoB MOAeJI'

npu rofiro xpunoro u VO ce 3aMeHrr

rhrat ro onpeAeneHu IIpaBI{JIa cucreMll
B xourponHure rotlKu ce yAoBJIerBopJIBz

Mocr, a Ha 6agosara IIJIocKocr - 
ycJIoB

""-qu"n"r"H - 
NyroncK.rl. V.qoBnersopssailut TesH ycJIOBl4fl, onpeAensMe

rrnpxynaqurra Ha Buxpr'lre' MoAeJlHpu*t--fiotttuu"u t"c"t*a' C'neA toaa no Qop-

MYnaTa Ha lnyKoBcKH 9a noAeMHaTa cI,IJIa onpeAeJlflMe cyMapHI,ITe aepoABHaMI4qHH

xipartepncrnr<u.
ArooeHaquMoe3pa3MepHl|TeKoop,u.ItHaTI{HacpeAHTeHanp[cbeAl{HeHuTe

,n*p"'ulp*'{F,i'_r-, ei1_r, u re3r4 Ha K rHrponHsre foqru upes (}l-t' eV-},'^o^

cMyreHara cKopocr' I'll4yllupaHa B Kos Aa e KoHrpoJIHa roqKa' MoXe Aa ce

npeAc"an" nu nuaa [2]

v *.^o'-: + >' Z f*:,\tr:r!t +o7o\XX;)rf,hn_.r(15) -t;- 6+ 1t"'i:i)o-lTewvvpp-Lt'P

3uartr ,*" ce OEq 'ae0opr{a-
qrr', a 3HaK'br ,,-u- u:;"::,XlX"#:
CHCTCMH HA AflCHATA

Kocr, saMeHnula KPI{ rvrY'rlu [1]'

ot
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3uarrr u-|" c€ orlracfl 3a KopMI'Ina' a SHaK'br "-(r - 3a enepoHll'

H, n p p -,: t 
- I H lill'1;, ;,"i# l"" Jil;'"""? 1.n. p o"u;,

Hznpp-,:t-1ilff"T"T;:'"l'ft :"ff:,"J)1.n.0o".;,
(20) 

H2q.pp-,:l-3'':: :::,* ;::I"":ffiT:(enepo'a),

Hz<,pp-,: { 
-tr,-' il fffi: ;::IJ?|T#""3' {.n"po",;

Ot (20) cJI€ABo, qe 3a BcflKaKBH ctofisocrn ta M u p-t

(21) Ti:fB.

PeuraeafrxH cncretrante ypaenenun-(19)' uoxerr'r Aa orpeAeJliM aepoAHHa-

MHTIHHTE XAPAKTCPI4CTIIKKI B CJICAHUS BI'IA:

C : C66 + Cu 6, Cs: Cr cos 0,

(22) Cs : Ci cos 0 - Cldo cos 0+CiE cos e-Cirsin 0'

C:CY, lflv' lllz'

or(22)ceBHxAa'qeaKoocTaHaSaB.bpTaHeuaVo.e..uepneHAl,rKynflpHa
Ha HaAn'b)I(Hara oc ff;i;"-;, "t"n 

0 e panen Ha Hyila a cl'creMara ypaB-

HeHK' oTHocHo 16z<rrnn-r Mo)Ke Aa He ce peluaBa'

qHcJIa na Crpyxa.rr' KJIoHrluI{ KGM HyJIa'
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[ - I ua Arrgroro KgpMtl.{1o,,(enepog)'.'; ,

Hwupp-r:\ 0 ua rpnloro IIBB'uH KopMI{JIoro (e.rrepona),

Hzuvpp-,: { 
-; ff lffH: ;:JJJ1""Jil'"'",i'1"n.po"u;,

(29) I -8Y,"-, Ha AtcHoro KopMI'IrIo (e'rlepon)'
Hzwroo-r:l 

0- 
- 

Ha KDr,rJroro r.rBBrH KopMrdnoro (enepoua),

Hzeuvpp-,:t -:*t-' ;l ffiil: ;."iJJx1Jil:11? (e.,repo'a).

Bnx.qa ce' qe B cpaBHeHne c'bc .cnyr{afl M:0 ce noflBlBa HoBa cucreMa

ypaBHeHHfl orl{ocHo lu{pKynaqllf,ra Alle"oo-r'

cne,( peuraBaHe Ha cucreMHre ypaBHeHHfi (28) w onpeAenqHe Ha Hel4sBecr'

Hr.rre u'pKy lrat\wlr Ha BHXpure' MoAer'parqu npio6pasynauoro Kpltno u VO' t'to-

xeM Aa onpeAeJrHM aepo4ranamuqH[Te npoHsBoAHn npn cI{MeTpItqHI4 CIIpflMo paB-

HuHara €On aetbopMalluu no crleAHrlre QopMyJIH:

,',,:n# i n*-' 
i__,"r0,,*uu-,,

'?r*: ^ 4^ J- h uo-, 
!--u"o'o^'uuo-r- 

*1"i'

. 62 .lV 
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^r-=' 
* ^:
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'lM "w iJ !r:uo
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2M
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,K-,e

= 0,3

b"=o,1

M:0,8

_nA

m'.
x,

@ur. 1 I

A
CToIiHocTH bn:b.-0,1 u b*:0": 0,3, a 11apaMeTcpbT ln ce fieueul ot 0.qo 1.

Ha Snr. 3-11 ca rocrpoeHn saBr.rcr4Mocrrrre HaKoeOHIrHeHrr4re C;r, *)", *].,-7
^adoC-r*, ftI.;, m*", xaparcrepnaxpalrln eQexrzauocrra Ha VO (roprrlnna Ir eJIepoHH).
-1

Tesu roeQnqneHrlr ca npeAcraBeHr{ ure Qynrqnr or orHocureJlHara pa3nepe-
Hocr Ha yO. CroliHocrnte ua KoeQt,trlueHrnre ca onPe.u,eJIeHH 3a ql4cra Ha

Max M:O; M:0,4, M:0,8.
yO Ha AflcHara [oJroBrrHa Ha 6agoBara rrJrocKocr ca Mo.q,eJrHpaHI{ c noMollrra

ua I20 Bnxbpa, Karo ce cqnra, qe Ha JIgBara rroJroBr.rHa Ha KpI,IJIoro nMa c[Me-
rpHt{Ho pasnonoxeHu VO. OcraHanara qacr or Kpunoro e MoAennpaHo c tto-
Mourra sa 96-108 Bhxbpa.

Jlureparypa
l. Ee,noqepKoBcxr.rfi, C. M., E.K. CKpr.inaq, B. l. Ta6au HL{KoB.

Kpn,ro B Hecra[r4or{apHoM noroKe rasa. M., Hayxa, l97L
2. EenoqepKoBcxfi, C. M., E.K. CKpr.rnaq. Aapo4ruaruruecxne npou3BoA-

Irbre JrerareJrbHoro an[apara r.r Kpbr,rra nprr AosByKoBbrx cKopocrfix. M., Hayxa,
I 975.

3. White, R. B., M. T. Landahl. Effect of gaps on the loading distribution of
planar liiting surlaces. - AIAA Journal, 1968, No 4.

Ilocmznu,ta aa 19. XIL 1989 e.
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Er,nrapcxa aKaAeMr.rq Ha HayKr-rre. Bulgarian Academy of Sciences

AepoxocnruuecKu r43cJreABaHr.rff B B6r'rfapv r. 9. Aerospace Research in Bulgaria
CoQr.ra. 1993. Sofia

VlgnonsBaHe Ha MeTo,(a
Ha eJreKTpoHHara oxd-cneKTpocKonr,rfl
3a aHaJrH3 Ha nyKHaruHa B KopnyceH
eneMeHT or aBlraunoHeH ABI4faTeJI

tunumrp trl opdauoe, IOlutKe Curueouoea,
Aumon Uonoe*
lI ucmumgm sa. Kocn4wrecKu uscae)eanun, E A H* Ilucmumgm no .MuKpoe.teKmpoHuKa

llpn xourpoJr Ha rexHl4qecKoro cr,crolHHe Ha aBI,IaIIIioHeH

ABI,ITaTeJI IrO TIZTaHOBr,rfl Irp:bCTeH OT KOpnyca Ha KOMnpeCOpa CJIeA JIOIIaT:br{HaTa
penerKa, [oBr.rruaBarrla HefoBara ycroiiuznocr, ca orKpI]rI4 HexapaKrepHl4 MaJI-
KLl rryKHarLrHr4 cbc cJreAr.r or Br4AZMo oKr4cJreHr4e oKoJIo pr6a ua'nyxuarulr^ala (nu-
Hvflra Ha pa3pyxranane) . Heo6uqafiuoro npu aHalru3a Ha pa3pyureHLlero e, qe

nyKHarr.rHI4re ca pasnoJro)KeHr4 B orHocnre"rrHo rro-cJta6o uaroeapena o6"nacr.
BepoarHo AoMI4HIzpauo e 6u.no BJILIflHLIeTo Ha JIoKaJIHo 4eticreynaqu Qaxropz.
Taxusa Mofar ga 6'sp,ar'. yAapu u no6urocru or Apyf eJIeMeHT, rlonaAaHe Ha Kart-
Kr4 pa3roneH MeTaJr npn npor.{3BoAcTBoTo, e,rreKrpI4qecKu pa3pqA Bbpxy noBcpx-
Hocrra, BbrperxHr4 4eQexrvr r.r HapyrxeHVfl B Marepvaila.

Oracsocrla oT TaKT,B poA TIyKHaTHHLI ce cbcrotz BbB Bib3MolKHocrra noA
BJIt4fHrze ua ez6pauuure re Aa ce cBrpx(ar B 3arBopeH KoHryp, [p].I Koero ce or-
KbcBa lracr or Kopnyca 14 roBa npeAr43Br4KBa cJreABaxlo pa3py[IaBal{e Ha KoMrIpe-
coDa.^ llpu LIscJreABaHero Ha raK6B poA pa3pyueHlrtr or oco6eua BalKHocr e Aa ce
noryr{t4 auSoplrauraa 3a cr,crolHl4ero Ha noBbpxHocrHI4 q cnofi Ha Marepl4aJla [o
IrLttkrflTa Ha pa3pyuraBaHero. llopa4rz MaJrKr4re pa3Mepll Ha caMara rIyKHarLIHa
z ua 4e6e,lltHara Ha TLITaHoBI,tfl rrpT,creH ga alarv3 Ha rloB:bpxHocrHafl c,'Ioit Ha

MarepI,taJIa e LISnoJI3BaH rlocJroftHr.rgr MeroA Ha eJIeKTpoHHara crleKTpocKortun
ua Oxd 11 , 2), qecro nprzraraH B eKcnepr4MeHTailHara Quzuxa I,t Bce oule Heno-
ryr'IqpeH npr.r r43cJreABaHero na no4o6eu poA pa3pytxeHzg. BlaroAapeHl4e HaBr4-
coKaTa qyBCTBT4TeJTHOCT Id rOIqMaTa pa3AeJII'ITeJrHa cnoco6Hocr rofi IIo3BoJIgBa
Aa ce H3cJreABar KoMloHeHTure Ha Marepr.iaJla B rIpI4noBbpxHocrHI4R c,Ilofi, rato
ce cd'IeArz sa crpyKrypHHTe HeeAHopoAHocrr{. AHa.[vstr ce [poBe)KAa B cBpbx-
BLIcoKoBaKyyMHa cr.rcreMa rpr pa6oreu BaKyyM 10-8 Pa. tlpes 6ovr6apAlrpoBKa
c Ar+ ce LI3BT,prxBa ftouno pa3rrparxBaHe Ha Marepl4a,ra u [peMaxsaftxtz crofi
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O6qrasr roK Ha utpBLIqHLIre e/IeKrpoHLI e l.l0-7 A,
PerncrpnpaHl,rre KoMnoIIeHTLI Ha MarepI,IaJIa Ha flpbcrena c4: rrlral{ (ocno-

BeH rpaAr{BeH eJreMeHT) , xzc.iropoA, BtrJrepoA, cJIeAI,I or xJlop u aprou. Tnxnoro
pa3npeAeJreHl,re Ha caMara noBbpxHocr u HenocpeAcrBeHo noA Hefl e HePaBHoMep-
Ho, KaKTo ce Br.rxAa or cfleKTprrre ua Qr,rr. 2, erHacqulrl ce 3a ABere I{3cJIeABalru
o6nacru: a - Ao :r.rrlnflTa Ha pa3pyluaBaHe, I{ 6 - ncrpanu or Hefl, (Atn6ounua
noA noBbpxuocrra 5.10-8 m).

7",at.
100
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@ur.3, Paanpe4eneure Ha,C, O,n Ti llu rp,yuxr{uaor Bpeuere
HOTO pa3flpallrBane
a - Bcrpatv or JIr.rHutra Ha pa3pyluaBane,6 - Ao Hefl
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HoBr4 rrlrxa B cneKrtp Ti (383-418 ev). rlpu neoNr:-{ttl,11]:taH re ca eAHaK-

;; _ s;f - 4a (scrpaura or Jrr4Hr4flra Ha paspyuanane) , 14.pasilr.rrrHr.r np14 oKr.rc-

rreHoro cr,croflHr.re 
'^'S";. [6 (;r'r1o"arla noa rloBr,pxHocma 1'10-7 m) 13]'

B saxnrcqeurae or npoeeAeHOTO I43C,'IeABaHe II oT IIoJIyqeHI',ITe pe3yr'ITaTv Mo-

rar Aa ce HanpaBflr cJIeAHI4re I43B.AI4: 
ABara a'arrvsupa-i. O" npo$n.tra Ha pasnpeAeJIeHI4e Ha KoMrIoHeHrI4re np14

sn o6exra r.r or ycTaHoe-eHoro OKIICJIeHLIe Ha TI4TAHa cJIeABa, qe pa3pyueHlleTo e

[peAu3BI]KaHooTB.bTpeuHI4HaIIpexeHI,IflBcJIeAcTBI,IeHaJIoKaJIHoHa|pflBaHeAo
reMrreparypu,"toroar"rBarrana'o6pasynaHeroHaTiOtnAocrarT'qlla3aaKrI'IB-
Ha 4rz$ysnn Ha B:b|JIepoAa KibM B,bTpeIxHocTTa Ha MaTep],IaJIa' Cloco6crraqu

QaxroplzMofarAao:nAarurTflKor4crpyKrypHl4HeeAHopoAHocrll'3anoqBailll]or
IroB:bpxHOGTTa.- - t. cnope4 qKcnepr4MeHraJrHr4re AaHHvr raKOBa JroKaJrHo HafpflBaHe e 863-

Hr4KHafio B rrpoueca na npouSnoAcrBoro eJIeK-

rpliqecKu pa3pnA Bbpxy io-*!l:-o"ll-?, 
"ffi::f aTe,l fl IIp aKTIZq€CKII lO II3 KJIIOIIB aT' TT'I'I

>KeH BibB BtTpeIIHOCTTa Ha TflJIOTO Ha Ca B:b3-

4ericrnaR.
3.lhpuauanu3aHecaorKpI'ITI'IcJIeAI4orqyxAMera"I'BHeceHI4qpe3yAap

r4JlLr B pa3TorleHo c:bcToflHI',Ie BibB BI',IA HA Karr<v'

llpoee4euoro r43CJieABaHe Ha rl4raHoBlifl IIpibcTe^H oT KOpI]yca [Ia KoMlpeco-

pa rro MeroAa Ha eJreKTpoHHara crreKrpocKorru$ Ha oxd u IIOJIyqeHI4re eKcIIepI4-

MeHTar,rHr,r pe3y,,rTa.rr4 4aear ocHoBaHI4e TO3I,I MeToA ga 6'rge npelop:br{aH B I43-

CJICAOBATCJICKATA IIPAKTLIKA \PIt ]'I3YI{ IBAHC OCO6CNOCTU:TE HA MATCPII'AJTilTE V

nP oLvr 3a a*a'

Jrr4 
qYBcrBI4TeJI-

HO I43CJICII.BAHC

na oco6egocrz

I.r HeeAHopoAHocr14.
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Et,lrapcra aKaAeMI.Iq Ha HayKI'ITe' Bulgarian

Aepoxocl.tuuecKfi Il3c,TeABaIrlls e B'b"Irapun 9'

Co$ur. 1993. Sofia

Academy of Sciences

Aerospace Research in Bulgaria

BrnqHI,Ie Ha TexHI4Ko-eKc[noaraIILIoH-

Hr4re xapaKTepHcrl4KH Ha caMoJlera

Bbpxy eKCIIJI oaraul4 oHH I',Ire My pa3XoAI',I

BnadunuP fo'tee

@upna EfA,.Eanrcatt'

Kpurepufi 3a KaqecrBoro z cr'BT'jpllreHcrBoro

HA CAMOJIETA

E,Asa or uait-axrya.nHllTe 3aAarrl4 [pe3 Hacronrrl4fl erafl

HA sacvJrBAXIa ce KoHKypeHuI4fl e Aa ce onpeAeJII4 I4KOHOMI4-iIe-cxara etfeNrl4BHOCr

lrpll BHeApflBaHe Ha tro-ut,t caono'1t""" u 
"utonerocrpoeHero 

H s o6racrra Ha Bb3-

^o-ffi##T#;l,l; "" B:b3AyrxHr4n rpaHcropr ca oco6eso BaxHI4 ABere caMo-

CTO'ITeJIHI4I43I,IcKBaHI4fl-I4KoHoMI4qHocTHacaMI4flcaMoJIeTI,II,IKoHoMI,IqHocT
HA HCIOBATA CKCTIJIOATAUI{fl'

I4xonovrrzqsocrra Fra CaMOJrera ce olpeAeJrrr or [IpO-I43BOAI4TeJIHOCTTa' Tef-

JroBoro orAaBaHe, cKopocrra Ha [oJlera' pit*onu Ha ropl4Bo' pecypca Ha ABI4ra-

TeJII4Te'IIJIaFIepa14OTAeJIHI4Tea|pe|aT],I'croiluocrraHacaMoJleTa'XapaKTepI4c-
TI4KI4Te 3a I'{3JII4TaHe I4 KauaHe I4 OT Apy

Bt,P xy IzKoHoMI'IqHara eKcIIJIo

BT,3AyIxHI4Te JIrrHuu', 6ponr Ha I43Il

T'br Ha caMoJIera (uarclztvtannoro
pocr; cpeAHara I'bJt>l<r|HA Ha orceqKar
eerl,IqhHara, crpyKrypara LI I'lHreH3I{BH

Jrera Bbpxy eKclroaralll.IoHHl4fl rlpoqec
caMoJIerIzTe IZ T. H,; creIIeHTa Ha Mex

caMoJlera; opf aHIz3aql{ tff a Ha o6c'tty
pe uleKryBaHer
'r. oara\hfl HA

cr vna tl]'
;;;til; e QyuNuran of APyln BeruqIIHI'I; HanpIIMep

fon,n,,'Hr4rrr HaJrF,or Fra rpaHcrroprHr4re .iton""" [1, 3i (xaro ocHoBFIa npeArloc-

raBKa sa peura6u"nHocrra) 3aBIlcIl or:

-KaqecTBaTaHacI,icTeMI4Te.II3IIOJI3BaH]| 
SaJ]eTeHenpI4BJIoIUeHaBI4AI4MoCT;

-6naronplzflTHl,ITeXapaKTepl{cTI4K]|-3apeMoHTonpI4|oAHocT14eKctIJIoaTa-qI4OHHa rexHorofl4qHocT Ha caMOJIeTa;

- Hr.rBoTo Ha HaAeX(AIIOCT Ha: OTAeJIHI4Te KOMIIOHeHTI4 Ha caMOJIeTa (xaro aa-

.u,bJIxI.{TeJIHo ycJIoBI4e 3a BI'IcoKara HaAe>KAHocr Ha caMoJlera Karo qnno) ; BceKH
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6parynar cTapI4Te, K:bM pa3XoAure e seo6xoA1lMo Aa Ce AO6a.BfT l{ pa3XOAI'ITe 3a

AeMOHTa)K, a ocralbqHara crOilsOcr Ha CrapoTo o6opy4eaue Aa ce AO6aBI'I K:rM

eOeKTr4Te, KaTo ce oTqI{raT LI cyM14re cJIeA peaJIII3vpaHeTO My. HanpHMep' aKo

ce r.I3qr,rcJIrIBa I,IKoHoMIzqecKaTa e$eKTI4BHocT oT BHeApfBaHe B eKcIIJIoaTaUVfl Ha

HoB TIIII caMoJIeT, To oT rIT'pBoHaua[IHaTa cToIlHocT Ha caMoJIeTa oT cTap.TI4[I ce

HgBa)KAa CyMaTa, IIOJIyqeHa OT npeAaBaHeTO Ha CaMOr'IeTa 3a MeTaJI' I'I CTOI4HOCTTa

Ha o6opyABaHero, Koero Mox{e Ia 6T'Ie rr3rroJl3BaHo 3a Apyfl4 caMoJIerI4 I'IilI npe-

AaAeHo Ha ApyrLI orpacJIIl Ha HapoAHoTo crollaHcrBo. AKo ABI4TaTeJII'Ire ce 3a-

MeHsr c HOBI4 LI Craplzre ce npeAaBar B Apyr[ oTpac,tu Ha HapoAHoro croIIaHcTBO

3a cr,IeABalqa eKCIIJIOaTauHf , To [p]4 I43r{I'lCIfBaHeTo Ha ocTaTbr{HaTa cToI?HocT

OT IIr,pBOHarIa,IIHaTa CTOIyIHOCT Ha ABLiTaTeJIHTe Ce VSBa>KAa IIeHaTa OT peaJII'I3a-

rlr.ifra HM B Apyrl4re orpacJil4 [1];
A) npfi BHeAprBaHero Ha HoBa rexHr4Ka, r,r3MeHflxla KaqecrBoro H eKcrIJIoa-

Tar{rroHHr4Te cBoftcrBa Ha npoAyKur4trra, e Heo6xoAI4Mo Aa ce orql'ITar Ir3MeHeH14f -

ra Ha pasxoAl4re I{ eQenr:si xaxro B c$epara Ha npollsBoAcrBoro, raKa 14 B c$e-
paTa Ha eKcrL'IoaraII[oHHIZfl npouec.- rlpes qeJrecr,o6pa3eH r.r36op Ha olpocreHlr rIpeArIocraBKI4 e Bb3MolKHo BMec-

TO XapaKTepI{CTIIKHTe 3a npoA:br'IxllreJleH IIepIIOA Ha IIeJII',Ifl napK oT onpeAeJIeH

TI41I caMoJlerr4 (KoilKoro e no-forqM r4HTepBaJIbr or BpeMe I{ KoJIKoro e llo-rorqM
6poar Ha I.I3g.,teABaHLITe caMOJIeTI4, To IKoBa I'I pe3yJITaTHTe ca [o-o6eKTIrBHI'I)

Aa ce pa6orr4 c xapaKTepr.rcrr4Kr4, orHeceHl4 KT'M eAUFI JIerareJIeH qac Ha onpeAe-

,IIeH CaMOJIeT c"*, B rB,/q.
flpz cpeaH"""^annor"arJkroHlr4 yc/IoBI4n I43BT,pIxeHara pa6ora Au z "tNvtlu

or AaAeH caMoJler e npaKrI,IqecKI'I fiocrof HHa [1, 3]

(2) A,-G,* | Vo:const,

KbAero Gr* e Cpe4Ho r6proBcKo HarOBapBaHe Ha caMoJlera B ToHoBe, Vo - cpeA-

Ha cKopocT Ha caMoJlera 11o oTcer{Klire B KM/q, T - cpeAeH KoeQ[qIIeHr Ha Lrc-

IIOJI3BaeMOCT Ha CaMO,rIera. cneAoearerHo:

(3) c".,:#.
llpu onpocrfl.BaH1tfia Ha ycJroBtrsra e B:b3MoxHo Aa ].I3BlbplxI4M OTITI4MI'I3IZ-

paueTo Ha KpLITepI4q sa KarlecTBoro (CrKM) Ha oIIeHfBaHuq caMoJler rlpe3 olpe-
AeJrgHeTo Ha Mr,rHuMaJIHI4Te o6u1u qacoBl4 eKcrIJIoaTaUI4oHHI4 pa3XoAI4 Ha caMoJIe-

ra (Pe.r). r46rvr 1.opLI B cJlyqafi Ha oxle 1o-foJlflMo onpocrflBaHe qpg3 olpeAeJlflHe Ha

eKcrrJroaraulloHHl4re pasxoAl4, I43BeAeHH CaMO Or CrpyKrypara Ha IIeHara I4 rex-
HIiKo-LIKoHoMI,IqecKttTe XapaKTepIlcTLTKL1 Ha caMoJIeTa. Axo npzen'reM' lle

P"":P;,+P;;

LI

(5) P"- :const [1 , 3],

KbAeTO P"rcA eKc1JIOaTaULIOHHH pa3XOAII Ha CaMOJIeTa 3a qag' KaTO Ce I43XO)KAa

or crpyKTyp aTa Ha qeHaTa 14 rexHLIKo-IiKoHoMI4qecKLITe XapaKTepllcrHKI'I Ha caMo-

Jrera B JrB./q; P;"- BcrzrrKa ocraHaJrrd eKcrrJIoaraIII4oHHLI pa3xoAI'I Ha caMoJlera

3a qac (san.naru ua eKrzrra)Ka, pa3xoAr.r sa ropLIBo LI r. H.) B .rIB./q. Tesla AaHHLI rpue-
MaMe 3a LI3XOAHLI [pI.| npoeKTl4paHero Ha caMoJIeTa 14 npl4 OnpeAe"If Hero Ha cpaB-

HHTeJIHaTa [KOHOMIzqecKa e$eKTLIBHOCT nplz BHeApflBaHeTO Ha HOBII caMOJIe-

TW B eKCIIJIOaTal\]jflTa.

(4)
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cppi - apHrMernqHa cToftnocr Ha ueHaTa 3A KBP (r otruoutenl4e K'bM qeHara

Ha saKynyBaHeJ

(11) ,*'0,:T'
3. Pasxo.u,H sa rexHllqecro o6clyN""""'1'o; I'I reKyIrI peuour P'o;

(121 P,ot:(c*t*ci"i)*; *,',",,

KbAero c,oie ltopMar[Bl{a rpyAoeMKocr sa TO fla onpeAeneH KoMnoHeHr or

caMoneTa 3a IleJtHs pecypc Ha caMOJIeT

cro r: Hr1.ru ilUp

ciu i - MarepHanoeMKocr no HopMarI"lB sa TO Ha onpcA€neH KoMnoHeHr or

caugaeta

(13) b''o i: Hnur.ro 1141,

croi - cyMapeH HopMaTHB Sa To Ha onpeAeneH KOMnoHeHT 3a ueJILfl pecypc

HacaMoneTaBoTHoIIIeHHeKGMIIeHaTaHasaKyIIyBaHeHaKoM[oHeIITa.
4. PasxoAn 3a sacrPaxonra P",

3rr4t
(14) P"t:l- -'

KbAero apHTMeTr.rrrHa cTofiHocr Ha sacTpaxoBaTeJlHa npe-

MHq 3a B rOA-1.
5. eHza Pn"u, n an'/r'

(15) P,,,;: H,,u ,L,

K,bAeTO Hu^u cacpeAlru TOAHIIIHH HHBeCTHTIHOHHLI OTtIItCJ,IeHHf, B OTHOIIIeHI',Ie K6M

l{, s roA-1.
6. Cvrrra or eKcnJIoarauI{oHHHTe paoxoAn 3a qac Ha onpeAedeg KoMnoHeHr

or caMon-era P"" 1:
a) ea rounolleHT cbc cpor Ha 6paryeaue no ctxpaHenlre

. --lr I n , \' lro, r\c*uPJ*c'oil .(16) p"u r:u,l+(4fu r3n1*H^'"'J* |\4f -t)fr+ 7-;l'

" Caea eneMeIITapHH onpocrsBaHnff [onyqaBaMe

u.
(17) {u:iliKt = t'i

6) sa rounoHeHrr{ ccc cpoK Ha 6paryaaHe no pecypc B HaJlbor' KaIIa-

HHfl II T. H.
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3anrecrearlKr.r ropHr4re croirnocrrz ern $opuyilara 3a fr1;, [oil]lIZB&Me

(22) k,,:*f!P+o.o++o.oo\+/* - r ) H+91:0.20blr"+0,00044.\--l '-tL 7. \ l0 "'""/ \400 '/2000 | 2000

3aMecreariNa npoMeHJrr4Br{Te 3a Tr, noJlyuaBaMe,croftHocrnre, IIoKa3aHI,I
e ra6r. l.

3a qenus pecypc Ha caMoJrera (e ualrun cnyuafi 2000 "tt. u.) ueuara Ha IIJIaHe-
pa qe ce npeHece Ao eKcrrJroararlHoHHr{fl rrpouec

(23) n1:Tp..u*lTr
oT ABa IO TpI{ 116T14 B 3aBr{CI4MOCT OT fOAI4{xHr4tr Hailb0r Ha CaMOJIeTa;

6) ea ocraHalrlrre KoMrroFreHT[ Ha caMo,'Iera (ct,c cpoK Ha 6paxyoaue u sa-
BI4cLIMocr or pecypca uni) . Tr,rt Karo BT,B Sopnly,'rara 3a k2.cTIt\ecTByBaT MHofo
npoMeHJII4Btr, r{e I43rrorrr3BaMe saB[cl4Mocrr& kzi, pecn. ?r,:l(?p, c*"0) 3a rpa-
$duna 14HTepnperarrar, Karo vsrro,rrsBaMe cJreAHI4Te KoJIIrqecrBeHIz 83aIIMoorHo-
IUeHI4g Me)KAy HqKOI4 OT 3aBIICI4MOCTLITe:

- pecypcbT Ha KoMrroHeHrIzTe e qeTLIpz rilbTI,I ro-foJlflM oT pecypca Ao Ka-
nI4raJIeH peMoHr (Tpi:4 Tnup. )i

- cyMara oT pa3xoALITe 3a TexHLIuecNo o6c.rry)KBaHe 14 reKyIII peMoHr MexAy
orAeJrHrlre KarvralrHT peMoHrr.r e 500/o or pa3xoAl4re sa KBP, r. e. 3a UeJrI4fl
pecypc Ha caMo,/rera (uerzpu 6pon xannraJrHr.r peMoHra) ue e paBHa na 2lJ,nu,
r4Jrr4 cro:2c.Bp;

- pa3xoAt4re sa pesepBHlr qacrr4 ca20% sa nilaHrrpaHlrfl pecypc or 2000 .u.q.
Ha caMoJlera, Karo HapacrBar (uavranraar) c 50% ttpl] BcflKo AByKparHo yBeJII4-
qaBaHe (uawannuaye) ua pecypca Ha KoMrIoHeHra (ra6"rr. 2). Toua Mox(e Aa ce
Ll3pa3r.r ro cJreAHi,rf HaqrzH, Karo np]1l BcfKo AByKpaTHO yBeJII{qaBaHe (HaMaJIfBa-
He) Ha pecypca Ha KoMrroHeHra pa3xoAl,Ire 3a pesepBHl4re qacrl4 Hapacrnar (na-
ua"rrear) c rrocrorHeH rrpoqeHT: . ,

Pecypc Ha KoMrroHeHra

I ur:x2oo ,, 
--9t2 g2-tu2

4 U+:x22B u":x2'
16 yrr:a2+
n gn:x2k

Crornereu xoeSuqueur Aa;

Aa1:(1 I p)o La,
Aar: Larl Larp:(l'-l p)L Lat
Lan: Larl Larp-(ll p)2 Lat
A,as: [aa* L,anp:(* Pl." Lat
Aa16: Las* A.arp:(l* p).n Lat
La":(l*p)k La,

I{e.nra Ha cJleABarqzre npeo6pa3yBaHus. e Aa ce u.spasv QyHxIluonalInara
saBrzcr4Mocr MelKAy Aa v pecypca Ha KoMrIoHeHTa. llope4Hocrra Ha KoMtIoHeHra
(e.naeara xo.noua). ce rzspa3flBa .upes n:2k, Karo c"IIeA JIorapI4rMyBaHe [o,ryqa-
eal,{e fr:log nllog 2. 3aNrecraafrru tozu Ao Iz3pasa Ba Aan, noryqaBaMe

(24) A,a": Lat(l*p)r"n nltos 2 .

I{e,rra Ha cJreABarrlzre npeo6pa3yBaHr,rfl e Aa npr4BeAeM He3aBI4cLIMara rlpo-
MCHd'II4BA /?, OT CKCIIOHCHTA B OCHOBATA HA CTCIICHTA.

Ta6nvqa 2

0,0889
0,9889

Lai
ai

0,0198 0,0099 0,0395
0,9198 0,9099 0,9395

0,0593
0,9s93

0,1 333
I,0333

0,200
1,,100

0,300
1.200

6 Aeporocnar,ruecxu llscne4nanua, 9 B1
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Ta6nuqa 3

2so 6140
500 3340

1000 1940
2000 Lna
4000 872,2
8000 69I,7

16000 600
32000 553,1

7140 8140
3840 4340
219A 2444
1350 1480
934,7 997,2
722,9 754,2
675,6 637,2
560,1 s68,7

IOEk2i

9139,6 10140
4839,6 5340
2690 2940
1600 L730
1s09,7 1122
785,41 816,7
646,9 662,5
576,6 584,4

131.40 14140
6840 7340
3690 3940
2t00 2230
1310 1372
9t0,4 941,7
709,8 '125

607,8 615,6

76,77 70,72
146,2 136,2
271,1 253,8
475,L 448,5
763,5 728,7
1098 1062
1410 1380
t645 1624

Trr: ]t
Kzi

11140
5840
3190
I 860
11 85
841,9
678,1
592,2

89,77
111 a

<?o t
8M,l
1179
1475
1689

1,214,0
$44
3440
1980
1247
879,7
693,8
600

82,77
157,7
290,7
505,1
801,8
11.37
1447
1667

109,41. 98,62
206,63 L87,9
371,82 340,2
623,19 578,1
943,6 891,1
1273,2 1224
1545,9 1509
7734,4 1711.

ni

250 12,28 14,28 t6,28 18,279 20,28
500 6,68 7,68 8,68 9,68 10,68

1000 3,87 4,37 4,88 5,379 5,88
2000 2,46 2,709 2,96 3,209 3,46
4000 1,744 1,869 r,994 2,119 2,244
8000 1,383 ].,446 1,508 1,571. 7,633

16000 1,2 1,23t 1,262 7,294 1,,325
32000 1,106 1,722 1,137 1,153 t,169

22,28 24,28 26,28 28,28
11,68 12,68 13,68, 14,68
6,379 6,88 7,379 7,88
3,71 3,96 4,21 ' 4,459
2,389 2,494 2,62 2,744
1,,,696 1,758, 1,82 1,883
1,356 1,388 1,419 1,45
1,184 r,2 1,216 1,231

250 162,9
500 299,4

1000 515,6
2000 813,2
4000 11,46
8000 1446

16000 1667
32000 1807

2s0
500

1000
2000
4000
8000

16000
32000

140,7 122,9
260,4 230,4
456,7 409,9
738,2 675,8
1070 1003
1383 1326
L624 1584
1783 1758

4,191. 4,873 5,556
2,279 2,627 2,96
1,324 1,49 1,665
0,839 0,925 1,01
0,s95 0,638 0,681
0,472 0,493 0,s19
0,41 0,42 0,431
0,378 0,383 0,388

-nin.-' 2,93

6,2386 6,921 7,604
3,303 3,64 3,986
1,876 2,006 2,177
1,09s 1,181 1,266
0,723 0,766 0,809
0,536 0,5s7 0,579
0,445 0,4s6 0,463
0,393 0,399 0,404

8,286 8,969 9,6s2
4,327 4,669 5,01
2,348 2,518 2,69
1,351 1,437 1,s21
0,851 0,894 0,937
0,601 0,621 0.643
0.474 0,484 0.495
0,409 0,415 0,420

Xe.larenso e Aa ce lz3c,rleABar Sarropnre, KoLITo BJrwtlfl.T I-Ia eKcloHeHrara
b. B ra6n. 2 crotlsocrr a Ha p e paBHa rra 50% , Lrilv 0,5. Crofiuocrra HA ai c? v3-
rIIzcJrflBa, KaTo ce oTqr4TaT ocTaTbr{HaTa cToriHocT Ir onepaUuI4Te IIo AeMoHTa)Ka
w 6pawynauero Ha KoMrroHeHra (nopagrz ra3r.r [pr4quHa rfl e npoMeHJI].IBa 14 l\to)Ke

Aa e [o-fo,'rflMa HJILr [o-MarTKa oT eAI4HrzrIaJ.
flpe4no.laraMe, qe ?" - roAIzurtr4flT HaJrbor, I{a caMo,lera e 200 uaca, a

3a ocTaHaJILITe napaMeTpu xle lz3rro,13BaMe Beqe nocoqeFll]Te cTofiHocTI'I - 3n
:40/o k I4H,B:6%, '

(31) k,;:h(o,04+0,06)++. @!lc^"r): 0,0005+ f to+sr*J.' tpi tpi
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orar.3. Exsrsane'reH cpoK ", #:lil.T" *rlirlra B 3aBuc'Mocr or pecypca Ha KoM-
uoHenra ri qeHara 3a KBP

I4ssoAu

flprz zs6opa r{ BHeApflBaHero B eKcrlJloarauvfl. Ha I,IKoHo-
Mr.rqecKr{ Hafi-eSerrratsHr{fl caMoJrer perxaBarlo e rexrrliKo-t4KoHoMllqecKoro Ka-
qecrBo Ha TpaHclopTHr.rq caMoJreT"

AHa.nusupafixa rexsuro-eKclJroararrr{oHHrzre xapaKrepr{crLrKV Ha caMoJlera
11 BJIIlflHuerO uM BTlpxy eKcUIoaraqIlolIHI4Te pa3XOAI'I sa qac' ce nOrBT,pxAaBar
ri3BoAr,rre, qe e neo6xoAl{Mo Aa ce rrc rrbrHlBar cJIeAHI4Te vrgLtcKBarvrfl KaKTo B

llpor,r3BoAcTBoTo, TaKa I4 np14 eKcrrJroaraqvtr.Ta Ha caMoJlera c rIeJI Aa ce TIOBI,IIUII

TCXHIZKO-I,IKOHOMI,IqCCKOTO KAIICCTBO HA CAMOJICTA:

L Ia ce trocrr4rar MlzH:z-MailHTI noKyrrareJlHl.r lreHa 3a orAeJIHIzTe KoMnoHeHTLI
Ha caMoJIeTa, a To npeALI Bcl4rrKo r{a Te3I{, Kor,ITo I,IMar perxaBailIo BJII4flHIIe B:bpxy
o6uara IIeHa Ha caMoJIeTa (n,ranep, ABzfareJra, paAr4oHaBI4raq[oHHI,I cIIcreMI,I
14 Ap.).Toaa 4slrcxBaHe 3a MlrHr4MyM Ha ueHara He 6rlea Aa ce a6co.tlor],I3LIpa, 3a-
uloro 3aeAHo c rreHara e ueo6xo4rarr,io Aa ce orleHflBar I,I r4HTeH3rzBHocrra Ha rlpeHa-
crrHero ir 4o excnnoaralruoFlHl{fl rlpoqec, cr,orBerHo I,I eKBIzBaJIeHTHI,IIT cpoK Ha
I,r3rrJlalqaHe I,I orql4creHur, (Tri, 2i), rrfi. xaro uafi-crtqecrBeHo I4 Ba)KHo e cborHo-
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.VLIII4NVTEOVIJXE 
S I4JOI/OWUC I1ITIOH BH OJEHEABdYOHS

I{du J.coHgl4.l,xaSa uxJehHWoHovI4 EJpHrreJtrHsudc BH oJaHtsrevadlo udl H oJXBN
't\.w ut"vu\tuJeolrr)ye u o,LosJ,cyogenodu BH Ecafiodtr s ,.,t]t oroHudur,xaodu ndu
uJalrofiluc BH oJoHBflJJI-lamdc.as,c./t Jo JJoHsr4JXaQa uluxcarrl4ltoHoy14 BH oreHtsray
-oduo ptdu JB€Igro[€a ac eV axoltt urdlrdoS euzHevessr.i u uyoasneluuaauduug

'BJaIfoIIuJ BH oaJJHarrtdqgq,c oJoxJeh]4]uoH
-oxfi-oxHHxeJ oHgoJolrcou.rsad.{Nsox z oIlBaJJJasJ,os.c r.ldu BJero]tBJ uu auud
-I'IJ>Ieoo[ eH B]r?Je uu allo tltn olauedntllruI4JIIo et Batrotttli aJ Btr eN{oIt BJelfOIAI
-e) eH r4[oxeud oJalu rsr4llsoJJuH

eHes'mrsor Bs #X; J#"j:'r"""#f*#;3: -sud al.asuotzltu sadu salrx.rtYodl eluuuvxassnodu u H uJ,
-lc,d eH Jq,[illoJ oJBox udu'utvu\uraVt-tar, eu n>NaIrVuuudu orcg],[ oHgor]Jo sr.rrrx,{V
-odu e.r,uu.tdoucnudr BI{ BIlago u uYoxeed aJrlHHor.rrrpJzorrrrJya uH edawsed ,r(Vxaw
oJeI'iFIOmoHJoec l?H oJaHFIAHeI{tu a uJ,HeUdBs r4yhr.rJs rg .rralrN,{Vodu ereurdouc
-HBdr eH BIlego BH eHBsPhavasd uH orrrllar olrtusdu aadue; Hdu uloxeed eu4HHor.irr
-BJBOI/IrJva UH eHusBrBIAIPH OHTaJI{JOHJO Z OHJO{rOJ9B eadn L{Voxaed aJ,IzHHOTZII
-PJEoIlIrJve eH orolllHHsed aHeseuuee udr su[ydYodu er,eur,dolcuud,t es B]rago
BH eHBsphl4res.{ sadh vaqlrurlnuH, ac uv axolr orHgosadu BH BJJCOHT4 OJSO9AJ

-owuc BH JFreHorrrrov r4veJs E8 (tg) orJeJ oJorlr vrNnHr4rNJo Bvx(oxsr4 
", ny .orn'"u

:('EJHeHorrlrox BH rJoHVy<eyBH BJBHHozIIEJBoIT
-rrJva BH orrr4 H oJoHpsxlr4sr.r udzluudel ao ev olrr.rvoxgoaH o 6 tr g ,|ug) uwrcttoH
-xer 14 goH n vutuuduodaw zxcar'zHXeJ-oHHorzlrusriHu.rdo usdeVoilrr -sadl, 

i"'3; rgt
ltdu lcoxnaovddr 14 JJovrreoreadelew eJ,uuariruwdoH JBssnurlBH oJ uX' .6

rr'h arreor ac uy.r.cosxoilrrs.s r (do,J) ory n"'$*#"n" 
"1'"?""#"-?t#41q0 

t"
:rerowuc r4xeJs uH ucddcad eu

orrevenJ ounutYuauynr eadr. (d"'J) dg) oy orawads eaerrraraad at efil .2
'.vlv>ruHxeJ EH oJaHH

-soJJq,c asaVaffc ug tzVoreltt ugdaVow BH eHessrotrev sadr, pJHor{out ox Br-I JcoH
-vN{evBH pHHor'lrrBJEonxJXe BH orrr.iH oJoHerryJr4 rwudutuudeJ eJ oJBy ,(ryy) wte.t
-adre n zvIJ,EJev I4HcErrBg alnlrzvoxgoaH BFr rc,ruarodr uarrurrBH aJ Etr .g

ierarowuc BH JJoHvN{eyuu u JcoHcurlogeg u>ro)vs. BH oJaHzJr.rJJ
-olr Jo JcorrzJHrrBs s e psoJ ole-x '("9) a.LuNsoxudJ,Jvt JESttrIeiArBrI eJ Bv .g

lererolteo EH EJJJoHlrugurued pH*eFrusu[r[sou Es uxae,r.couVadu ai1arrieaem

;g"g *o "uH[a 
orev (';) elarowec BFr JoqrEH JtsuHmuyoJ psBmrzsor] aJ ux. 't

:("J) ArN eJrzJHer-ro[wov Er] r4 uJarrorrBc uH r.lrddted uaehurea,{ ar u[,.g ,(t 
^e 

.dowJ) 
dru

aJrTIHSFIOUnOX EH 14 UJOITOWUJ eH JOST4X{ Jsl,IHredow eauhurraafi al uft .6

:VLI'H\IELVOIfIIJYA A
dlt u.t,.tcourtHI/\[oHov14 BH aHBsBml{aou oY F]14hEFr r4roJ ou rz aHzadesoJBH oroyJsoJ
-ds.J, eH eHBsBhlzlres^ oV aYasoY EY Esor '(alruarazrodus.c oHF,liweunYociae oH
-rgzduo.Izrg c 'udameud ou xs,relt) xar ouraurJoHJo a JqJHaHorrnoy oxe 

- '(BJJcoHV)xeVeu eH oHEaemr4sotr sedr. o,r,en,rulcou) rauar
-JIlhJo eg xodc HaJHerEsns>Ie wtsIroJ oHrfaJlIJoHJo uwr4 rlrJHeHoxlrox oxe 

- :uyoJr.ir{-oll o ey eJEr{oIr oHh]4r^IoHo){u e Br4s,orI
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Influenqe pf lhe tecJrnical and exploitation
characteristics of ttie riirplane on its
explortation iost's

Vladimir Gochea

(Summary)

ln the present p
of the airp
xploitation
accounting

transfer of a parficu
resource on hours of
'lequivalent decomm
outlining the directions for incre4sing

hod for deteimining the airplane's exploitation costs,
paper, may be used foi their optimization at the.very
prbvided an adequate and competitive technical and
the airplane is available.
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(Dnr. 3

2. Toron Konryp [pI'I BKJIIoqeH eJIeKrpoHeH KJIIoq Sr, Qur' 3' llpes rosz
BpeMeBI4 I{HTepBaJI ce h3BrbpIlIBa 3apex{AaHe Ha H3xoAeH KoHAeH3arop Cz c pa3-

.illlKaTa MexAy nocrofHHl4t roK 15, lr usxo11latr ToK 1r oT I'I3TorIHI'Ilxa HA Ha[pe-

>KeHHe, [peAcraBJIsBaH oT KoHAeHsarop C1'

3. ExeusaIeHTHa CXeMa npl{ r4sKJrroqen-u xol,ryraTopl4 s1 n Sr, Qur, 4. Bttx-
Aa ce, qe pa6oTara Ha cxeMaTa ce I,I3pa3'sBa B pa3psA Ha I43XOAeH KoHAeH3aTop

c ToBapHI,Ifl II3XOAeH TOK.- 
f'Otu"o KJIIoq 52 e saTBOpeH, LI3MeHeHI{eTo Ha 3apsAa Ha KOHAeH3aTopa C2

e

* AQc,:Cz LU: I s,ton"C 2,
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Errrapcxa aKaAeMrq Ha HayKfire. Bulgarian Academy

AepoxocnruuecKu r.rsc,'IeABaHlis s Er,nrapua. 9. Aerospace

Cogua.1993. Sofia

Hoeu Ktueu

of Sciences

Research in Bulgaria

MapAr4pocflH, I' Or Kocnroca cpeqy 
_

eKoJIorI4qHl{re KaracrpoSI4. C., 6AH, 1993

,,!,o6pa, qeApa u KpacrlBa e Halrara 3eus. Ho xoraro ce pa3fHeBlz

- craBa crparxHa ll xecroxa." Taxa eanoqna tr roBa e ocHoBHara reMa Ha I'I3Aa,4eHaTa Hacxopo

KHllla Ha eAaH oT IrsBecTHHTe CI]eu{aJILICTIZ, HenOCpeACTBeH yqacTHI.IK B MHO|O OT eKcnepaMeH-
TLITe, LI3C npOfpaMI{Te, ItOCBeTeHLI Ha AtICTaHur.roHHl.ITe MeTOAl',I, ceu3MoJIOfUrIHI',l-

re ua6lro aHoro c rtx HayrIHo rlprz6opocrpoeHe - cr' H' c'' K' S' n' lapo Map-
AripocflH, oQecopcro sBaHlte H npHer sa AericrsureneH TIJIeH Ha UBeroBHara npo-
decopcxa MriD - Hro l,lopx.- - B KHafara ce pasxasna yn,rexarenuo 3a Herqa, 3a xouTo BceKLt MHc,lII{, qe e HascHo, H

3a xoI4TO O|pOMHOTO MHO3HHCTBO Lr3qepnBa nO3HaHU.flTa cI{ c eAHa cHIi3XOAItTeJIHa yCMI'IBKa'

BAI4raHe Ha paMeHe r.r.nn B Hafi-Ao6pr.rn c,ryuali c AyMI-ITe: ,,. . . tr4vane Heulo raKoea.' '";
,,... t""o e, u" au iona 6sxa aouopr,n" no te,resuguqra npeAl4 Htl(oJIKo roAunt4' ."

3a paslttxa or BcttqKli rqx aBTopbr fapo MapAI'lpocsH pasKa3Ba roqHo, onI4TBa ce Aa

noIJIeAHe Ar4CKyTr4paHris BT,npoc oT HfiKoJTKO CTpaHr4, Aa LI3qeplH pa3flIi'{HI-ITe BIr)KAaHl4fi Ir

MHeHrrs, 6eg,qa AOnycHe AOpu lpn6,ruXanaHe, qJIH IIO-ToqHo c,'IU3aHe, Ao HIIBOTo Ha HflKOI'I

,,BCe3HaeIqn" aBTOpIr I{JIH BeCTHLIIIH.'' 
HaIt-qecro anroptr pa3rJlexAa AaAeH Bbnpoc, KaTo 3aIIoqBa c ToqHoTo O6ncueHue, C

Qusnxara ua npoqecure u .rBdTeHr4flTa H npoAb,lrlKaBa c MeroAr.rre Ha I-I3cr'IeABaHe Ir cpeAcrBara
3a noJryqaBaHe Ha AaHHlr u uso6paxeHun', rth Heo6xoAUlru npl{ Ona3BaHero na 3elrara, nptl
onpeAeJrsHe Ha rqeTr{Te u npH npt.re*aHe Ha Hari-npaBI{JIHI.iTe pe111eHut sa Aeficrnue BibB BCeKII

KoHKDereH c.nvqafr.
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Bt.nrapcxa aKaAeMHs Ha HayKr.{re. Bulgarian Academy ol Sciences

AeporocnruuecKr.r r.igc,'IeABaHr4fl B B6JIrapux. 9. Aerospace Research 'in Bulgaria

Codnq. 1993. Sofia

In memoriam

AKAA. KVIPI4JI CEPAOI4MOB
(24. V. 1932-2. rV. r993)

Ha 2. IV.
axa4. I(rlpu.n CepaQr.rnron, B Heroeo
BIzreJr Ha 6trrapcxara HayKa, ql{Iiro

1993 r. noquHa ro,rreMrzqr yqeH, yqr.rredrl H o6rqectneHrzx
anue BAH Hery6u Hsrr,Kr{ar cnofi vaeu, AocroeH npeAcra-
HayqHrI nocTri)KeHr-rfl ca r.{3BecTHr.I n npII3HaTlr B q{drl cBsT.

Ar<aa. CepaQriMoB e poAeH Ha 24. Y.1932 r. B
CoQu x, 3arrp urna Me xaHo-eJIeKTporexHI4 qecKara rr,r M-
Ha3H{ rrpe3 1951 r. u Br.Icruus MalrrlzHHo-eJIeKrporex-
Hr.rqecKr.r r{Hcrt4ryr npee 1957 r. Ctuara roAI{Ha e I.I3-

3aM. -,4I-IpeKTOp
tan na EAH
EAH (1977-
HauuoualHl.rs

KOMI.ITCT 3A H3CJIEABAHE I{ I{STIOJI3BAHC HA KOCMIIqC'
cKoro npocrpancTBo, or 1973 r. - HefoB 3aM.-[peAce-
Aare;1, a or 1977,qo 1986 r. - HeroB npe4ce4are.n.Ilpes
1969 r. 3aeAHo caKaA. KptcraHon cbsAaBa lpyna no

$r.rsHxa Ha Kocuoca xtu flpesll4ayua Ha 6AH, c
Koero ce locTaBfl HaqaJIoTo Ha cHcTeMHIlTe HayqHH
u3cJreABaHnfl rr npflKoro yqacTlle B KocMLIqecKI'I flpoeK-
rlr u nporpaMu. llpes 1974 r. roBa sBeHo npepacrBa B

I-l,eurpa,rna ra6oparopur 3a xocMIlqecKlr I.I3cJIeABa-
HLrfl, Ha xosro rofi e Anpexrop ,u,o 1986 r. Or 1979 ,u,o

1982 r.u or1989r.Aocera rofie Aupexrop na CanocroqrerHara cexulis noacrpottoMuq c Ha-
UlroHarrna acrpoHoMr4 qecxa o6cepnaropui. Axal. CepaQUIraor ntur\vupa npes 1975 r. c63Aa-
BaHero ua Haquoua.nHr.rfi KoMrirer no paAr.{oHayKn v Ao cMbprra cu 6e seron npeAceAare,ll.
flo uHu[uargBa Ha aKaI. Cepa$qvot or l97B r. 3anoqga Aa ce usAaBa HayqHara nopeAl{[a
Space Research in Bulgaria, u-a xoaro roir 6e rJIaBeH peAaKrop ,u,o 1986 r.

Axa4. Cepa$HMoB e 6escnopen Jrr.rAep B o6nacrra ua Qnsnxara Ha oKo,rlo3eMHoro KocMIt-
qecKo npocTpaucrno. Tori e eAun or nari-npo4yKTHBHr4Te 6r"rrapcxa yuenu. Anrop e Ha noBerle
ot 570 irayvnr.r rpyAa, ny6.nuxynauu n 6r,nrapcxlr r.r MexAyHapoAHIL HsI.aHva,9 nso6pereHlta,
82 sanrpurenu nayuno-r6xHuuecxrz paapa6orKr{ fi flpoeKrx,8 naouorpacfnlr, naa 1950 HayqHo-
opraHr43arlttoHHrr u HayqHononyJrspHr4 crarurr, KoMeHTapIr H rrHTepBlora, 4 nonyrqpHtl KHurfi
u,up. Tort c63,UaBa rrrKoJra or raJraHT,rrrBr.r yqeHu a ctreulraJlllcrll s o6fiactra Ha KocMIrqecxI'ITe
r,r3cJreABaHr{fi, Kor.rTo 3aeAHo c Hero r.t3Ar.rrHaxa flpecrr.r)Ka Ha 6r,nrapcrure HayqHIi H3c,reABaHuq
s o6fiacrra na Koclroca. Axa4. Cepa$HMoB r.rsrpaxAa cBolI aBropl'ITer BcpeA MexAyHapoAHara
HayqHa o6ulnocr u flodryrlaBa ru]rpoKo Mex{AyrrapoAHo npH3HaHLIe. llpes 1969 r. e us6paH sa
qJreH-KopecnoHAeur, a npes 1984 f. - sa AeficrsurereH qJreH Ha Mexrny_uapoAHara arca\eMtrs.
no acrpoHarruxa n flapizx. B npo,4r.n>xeHr4e Ha 1l ro4ltrru e ruleH ua Eroporo na Kounrera
3a KocMurlecxr.r rr3cJreABaHr{x (KOCIIAP) xtnrr I4KCV, AIJITI{ roAI{HI{ e HaqIroHaJIeH [peA-
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