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XKutomMupchkuii AepKaBHUIA TEXHOIOTIYHUIN YHIBEPCHTET

JOCIIIZKEHHA HIMPUHU POBOYOI'O CEKTOPA BE3IIOHIYKOBOI'O
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Bukxonano goc/ifKeHHs] IIUPHHH Po00YOro CEKTOPA Ta TOYHOCTI MeJeHTYBaHHSA 0e310-
YKOBOro Hu¢poBoro xopesiniiino-inTepgepoMeTpHYHOro MeJeHraTopa, 10 BUKOPUCTOBYE
PEKOHCTPYIOBAHHA MPOCTOPOBOI0 AHATITHYHOrO0 CHUTHATY. 3anpoONOHOBAHO MeETOAW PO3IIHU-
PeHHS Po00YOro CeKTOpAa NMeJIeHT'yBAHHS 3 BUKOPHCTAHHAM PEeKOHCTPYIOBAHHS NMPOCTOPOBOIO
KOMILJIEKCHOT0 CUTHATY.

KarouoBi ciioBa: 0e3momykoBuii MeToA KopesiliiHO-iHTep¢epoOMeTPHYHOr0 MeJIeHTy-
BaHHS;, PEKOHCTPYIOBAHHS CHTHATY; TOCTiIZKeHHS] INUPHHH PO60YOro ceKTopa.

V. Tsyporenko
Zhytomyr State Technological University

RESEARCH OF WIDTH OF WORKING SECTOR OF DIRECT DIGITAL
CORRELATIVE-INTERFEROMETRIC DIRECTION FINDERWITH
RECONSTRUCTION OF SPATIAL ANALYTICAL SIGNAL

© Tsyporenko V., 2016

It was conducted the resear ch of the width of the working sector and the exactness of direct
digital correlative-interferometric direction finder that uses reconstruction of spatial analytical
signal. It isshown that the main operation that has a basic effect on the width of the wor king sector
of the direction finder is the paralledl two-dimensional filtration of the radiation with using of
algorithm of fast Fourier transform (FFT). Two-dimensional filtration of the radiation should be
carried out in frequency-spatial field of deter mination with using of two-step fast reconstr uction of
har monic components of radio emission. At first stage the parallel frequency filtration of the
radiation is implemented in direction finding channels on an inter mediate frequency using fast
Fourier transform algorithm, followed by rapid reconstruction of selected radiation in the time
domain. At second stage the paralld spatial filtration is implemented using a digital synthesis of
the multidirected directional pattern, which blocks the working sector of direction finding. It was
determined that the width of working sector of direction finding is limited by parasitic distortions
in the synthesis of the multidirected directional pattern and depends on the type of weight function
of digital pattern formation (" window" ), aperture size and number of elements of linear antenna
lattice. It was conducted the research of the methods of rapid reconstruction of radio emission in
their frequency filtration using real and complex forms of signal representation and its impact on
the width of the working sector of direction finding. It was shown the expediency of using of
complex reconstructed radiation implementations. The proposed method of expansion of the
working sector of direction finding that uses reconstruction of spatial complex analytical signal
provides the wider [15-165] degrees sector of direction finding and significantly simplifies
direction finding algorithm.

Key words: direct method of correlative-interferometric direction-finding; reconstructing of
signal; resear ch of width of wor king sector.
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Beryn

CphorosHi pajioneicHIyBaHHS pAIiOCIEKTPOHHUX 3acO0IB 3IMCHIOETHCA B yMOBax CKJIATHOI
CNEeKTPOMArHiTHOI OOCTAaHOBKHM, BEIWKOI ampiopHOl HEBH3HAUCHOCTI MIOAO MapaMerpiB pajioBHIIPO-
MiHIOBaHb, a TaKOK B yMOBax 3a0e3ledeHHs pealbHOro Macmrady dvacy. [lepcrieKTHBHHM HAMPSIMOM
3MIMCHEHHs] PAaJiONeNeHTyBaHHsl Ul BKa3aHUX YMOB € BHKOPUCTAaHHS OC3MOIYKOBUX IH(PPOBUX
KOpeJsLiiHO-iHTepdhepoMeTprUUHKX paioneneHraTopis [1, 2].

OCHOBHOIO BHMOIOK JI0 CydYaCHUX 3aco0iB pajiOIEICHI'YBaHHsS € 3a0e3leueHHs iX BHCOKOI
3aBaJIOCTIMKOCTI Ta 3aBaJ03aXUIIEHOCTi. TOMy po3poOJIEHHS Ta JNOCHiKEHHS Oe3MOIIYKOBUX MH(DPOBUX
KOpeISIifHO-IHTep ePOMETPUYHHIX PAJIONIENEHTaTOPIB Ta JOCHI/PKEHHST TXHBOI 3aBaJIOCTIHKOCTI €
AKTyaJbHUM 3aBJIAHHSIM.

VY pobori [3] 3ampormoHOoBaHO O€3MOIMIYKOBHI MU(MPOBUH METOA CIEKTPAIBLHOrO KOPEIiiHO-
iHTEep(EPOMETPUIHOIO PaIiONeICHIYBaHHS 3 BUKOPUCTAHHAM aHTEHHOI pemritku (AP), ocoOnuBocTIMU
SIKOT'0 € BUKOPHCTaHHS J0JATKOBOI IMIPOCTOPOBOI CEIeKIll myMiB Ta 3aBaj. OJHAK IOCTIHKSHHS IIMPUHU
poOOYOro ceKTopa MeleHryBaHHs IIbOr0 METOAY B pOOOTi HE BUKOHAHO.

VY poborax [4-6] BHKOHAHO aHai3 TOYHOCTI OI[IHOK IEJIEHra 3a PIi3HUX AITOPHUTMIB OOpOOKH
pe3yabTaTIB IEICHI'YBaHHS, 30KpeMa IOTEHIIMHOI TOYHOCTI OaraTOKaHajdbHOIo ImeieHraropa 3 AP 3
HEHAIPaBIICHUX aHTEHHUX EJIEMEHTIB, a TAKOXK 32 HASBHOCTI (UIYKTYyallil Ha NUISXY NOMIMPEHHS CUTHATY.
OnmHak JIOCTIDKEHO TUTBKM TMONIYKOBI KOpENALiHHO-iIHTeppepOMETpruHi METOAM TeJIeHI'YBaHHS,
BUKOPUCTOBYIOUH SIKi JUIS 3a0e3MeUYCHHsl TEICHTYBAaHHS B pealbHOMY MacmrTabi dvacy, HeoOXiIHO
3MICHIOBATH OaraTokaHajdbHY KOPEJSMiiHy 00poOKy aHuX abo 30UIbIIyBaTH KPOK JUCKPETHOCTI OIIHKH
3aTPUMKH, [0 30UTbIIyE METOAWYHY MOXHOKY meneHryBaHHs. OJHaK JOCHi/KEHHS OCOOIMBOCTEH
0E3MOIIYKOBOTO IHU(PPOBOr0 KOPEAIIHHO-IHTEp(HEPOMETPUYHOI0 TEJISCHraTopa 3 PEKOHCTPYIOBAHHSIM
MPOCTOPOBOrO aHATITHYHOTO CUTHAITY HE BUKOHAHO.

OTxe, HEe BUPIIICHOI paHIIIe YAaCTHMHOI 3arajbHOoi MpoOjIeMu 3a0e3rleueHHs] BHCOKOI TOYHOCTI
MeJIEHTyBaHHsI OE3MONIYKOBHX KOPENSIIHHO-IHTEPPEPOMETPUIHUX PAJIIONENEHTaTOPIB € JOCTIKEHHS Ta
30UTBIIEHHS MUPUHE POOOYOTO CEKTOpa OE3MOIIYKOBOTO U(POBOrO KOPENSAIIHHO-IHTEP(EPOMETPHUIHOTO
MEeNIEHraTopa 3 PEKOHCTPYIOBAHHSAM IPOCTOPOBOT'0 aHATITHYHOTO CHTHAITY.

3 ypaxyBaHHSAM HE BHPIIICHUX PaHIIIE YaCTUH 3arajibHOI IPOOJEMH IUISIMH CTATTI €. JTOCITIIPKCHHS
Ta 30UIBIICHHS IIUPHHA POOOYOro CeKTopa OC3MOIIYKOBOro IU(POBOro KOpEIAIiiHO-IHTepdhepo-
METPHYHOT'O TIEIICHTaTopa 3 peKOHCTPYIOBAHHSM IIPOCTOPOBOTO aHATITUYHOTO CUTHAITY.

AHaTITHYHI JoCTiIKeHHS
BukonaemMo aHali3 MIMPUHE POOOYOro CEKTOpa Dq MEJICHT'YBaHHs OE3IOIIYKOBOI'0 IU(POBOro

KOpeIAIiHO-1HTep() epOMETPHYHOTO TEICHTaTopa, MO BUKOPHCTOBYE PEKOHCTPYIOBAHHS MPOCTOPOBOTO
AQHAJIITUYHOTO CUTHAITY.

Hexail y ropr3oHTabHIN TUTONMIMHI MPUIHATO TiHiiHOIO AP BHNaJKOBE rayccoBe KBasiHerepepBHE
CTalioHapHe ZiiicHe paxioBHmpoMiHioBaHHs S(t) 3 PIBHOMIPHHM eHEPreTHHHHM creKTpoM S2(W) = const .
BBaxxatrmemo, 1110 pKepeno pagiopunpominioBanus (JIPB) € ToukoBuM, po3MilneHe B AaidbHiA 30HI, a
BunpomintoBanas S(t) mae miackuii ppoHT. AP cknamaetbes i3 Z iICHTUYHUX MENCHTAIlIfHUX pajiioka-
HaniB. Pamiokanamu AP MaroTe BiiacHi aauMTHBHI CTalioHapHi HOpMaubHI Imymu N, (t) 3 HyIbOBHM
MaTeMaTHYHUM OYiKYBaHHSIM Ta OJHAKOBOKO CIIEKTPAJILHOIO T'yCTHHOIO MOTYXHOCTi N, 10 mocriiiHa B

MeKaxX CMyTrH [WS_L;WS_H ] IPOITyCKaHHSA pajJioKaHaliB neneHraropa. byaemo BBaXkaTy, 10 BIACHI IIyMH

pagiokaHainie AP He MarTh MDKKaHAJIBHOI KOPEJAIil Ta KOPEJAIil 3 CHTHAJIaMH, L0 IPHHMAIOTHCA.
Takox BBaxkatumeMo, o (a3oBi GpruykTyamii Ha NUIAXY MOMKMPEHHS CUTHANY BincyTHI. OTXKe, MOYaTKOBI
YMOBH JIOCIIJDKEHb MOXKHA TIO/IATH TaK:

U, (t) =S(t-t,)+n,(t), 1)
ne U,(t) — cymim, mo npuiiMaeTbess Z-M NeNeHrauiifHuM kanaiom; S(t-t,) — KopHCHHMH CHUTHAJ, IO

HNPUIMAEThCS Z-M TeNeHraliiHIM KaHajaoM; { , —3aTpuMKa KOPUCHOTO CHUTHAy B Z-My KaHalli BITHOCHO
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HIEBHOT'O OIIOPHOIO KaHally, II0 3aJIOKHUTHh Bix HanpsMky Ha JIPB; n,(t) — agutuBHUI raycciB mym 3

PIBHOMIpHUM PO3MOJIIIOM I'YCTHHH MOTY>KHOCTI N B MeXaxX CMyTd OJHOYACHOTO aHAII3y Z-TO KaHaly.

TouHiCTh MeNIeHTYBaHHS OLIHIOETHCS 32 BETMYUHOIO JUCTIepCii qu MOXWOKHM OI[IHKK HANpSMKY Ha
JIPB [1, 4]. Posnoxin ryctuau P(f) imoBipHOCTI BunpomiHtoBanHs S(t) 3a gactororo f piBHOMIpHMIA:
p(f)=2p/(Wgy - Wg, ). Posnonin rycrunu iMoBipHOcTi P(Q) Hampsmky Ha JIPB Takox piBHOMipHUIA:
p(q) =1/p . Cmyra yacror, 3aiiHsTa criekTpoM S(jW) paTioBHIIPOMiHIOBAHHS, anpiopi BijoMa.

Jlnst 3amanux modaTkoBux yMoB (1) B pobori [3] 3ampornoHoBaHo 0e3n0IyKoBuil 1udpoBHil METOT
KOpeISIiHO-1HTep( epOMETPUYHOTO TEIEHTYBAaHHS 3 PEKOHCTPYIOBAHHSM IMPOCTOPOBOTO aHAJTITHYHOTO

CHUTHAITY JJISl OI[IHKH cf HamnpsiMKy Ha JIPB:
q =arccos]Wsc/ws, ], )

s i ~
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. & Hi (Ws i) Sipak (Wp. 2, 2) 08( DY (W, D2) XK, (W) )

+DY yy (W, D2) +v>p
npocTopoBoi yactotu curHany S(t) ; z, - z = Dz —npocroposuii 3cyB y Mexax aneprypu AP; d — Bincrans
MK enemeHtamu AP; Z,Z, — Homepu eneMeHTIB AP, il SKuX 3IIHCHIOETBCS PEKOHCTPYIOBAHHS
IPOCTOPOBOTO AHANTHYHOrO curHamy; Hg(Wgy) — KOMIUIGKCHAa YacTOTHO-TIPOCTOPOBA XapaKTEPHCTHKA
BinOimoBambHoro  Ginbtpa;  Spak(Wp,2%,2) — MOAYIb  KOMIUIEKCHOTO  B3aEMHONO  IIPOCTOPOBOIO

ananitnynoro curnainy; W, =2p xp/d X2 — 3HaueHHs1 IPOCTOPOBOI YaCTOTH, 1O BiNOBI/A€ HANPAMKY P -i

nemoctkn GaratoremoctkoBoi IC, p=0,,...,(Z-1); DY »4 (W,,Dz) = Y Ak Wy, 2,)- ' (Wp.2)
oiinka  (a30BOro  3CyBy HIPOCTOPOBOrO  aHAJITHYHOrO  CHUrHaiay Ha  Bigcrani  Dz;

Y Ak W,,z)=ar ctg[U o (Wp,2) /U pk(Wp,2)] — ouinka mutTeBOi hasu mpoCTOPOBOrO aHATITHYHOIO

n PH . .
curvany B Touli Z; Ua(Wp,z)= & Sp(Wp)xsin(W, >z +j ax(Wp)) — ysBaa ckiaoa K -ro
P=pL

TMPOCTOPOBOrO AHATTHYHOTO cUrHay B Touti Z;; U o (W, 2) = %' Sak (Wp) xcos(W, 3z +j 5 (W) —
P=pL

jificHa ckiazoBa K -ro mpocTopoBOro amamithuHoro curmamy B Todui Z; Sp(Wp), | ak(Wp)

aMILTITYIHUH Ta (a30BUH CHEKTPH MPOCTOPOBOI'O aHATITUYHOTO CHUTHAY BIAMOBIIHO; D%W(Wp,DZ) -
OLlIHKA IUI01 YacTHMHH (HAa30BOr0 3CYBY IIPOCTOPOBOrO aHAJIITHUYHOIO CHTHaIy Ha Biacrani Dz;
KgWsk) =Wg | /Wsy —Kkoediuient qucnepciinoro BupisHioBanHs (azoBoro 3cyBy; Ws , Wy — HIKHS
ta K -ta wacroru cnektpa U,(jWgy) HNpHHHATOI CyMilli B MeXax CMYyTU IPOIMYCKaHHS IEIEHraTopa Ha
pobouiii wacrtori BinmoBigHO; K ,Kys — HOMepa HIDKHBOI Ta BepxHbOi yacToT cmektpa U,(jwg))

MPUAHATOT CyMillli B MEKaX CMYTH MPOIMYCKaHHs MEIEHraTopa BiIOBIAHO; C — MIBHIKICTH MONIMPEHHS
CNIEKTPOMArHiTHOTO BUIPOMIHIOBaHHSI y BUIBHOMY TMpOCTOpi; V  — Koe]illieHT KOperyBaHHs
HeogHo3HauHocTi s ¢yukiii arctg(.): v=0, sxmo cos(Dj ) >0; v=-1, sxmo cos(Dj ) <O0.

Ananiz piBasHHS (2) mokasye, 110 Oe3MoIIyKoBa KOpeNsiliiHa OIiHKa cf HanpsMky Ha JIPB
3MIMCHIOEThCST HA OCHOBI TapaienbHOi JBOBHMIPHOI YacTOTHO-TIPOCTOPOBOI  (uIbTpalii pamio-
BunpomintoBanas S(t) , 110 peanizyeTbcsi Ha OCHOBI aJrOPUTMY IIBUAKOTO neperBopenns Oyp’e (LITID)
y 4acTOTHii oOmacTi Bu3Ha4YeHHs [7]. TIpocTOpOBHil CIEKTpadbHUN aHaNI3 3MIHCHIOETBCS CHHTE30M
KOMIUTEKCHO] OararonemocTkosoi aiarpamu cnpsvosanocti (JIC) Uy (jW,) na ocuosi anroputmy LITI®
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3 TOJAJIBIIOK MPOCTOPOBOIO CEJIEKIIEI0 CUTHAIBHUX TPYIl {Uk(ij)} - | Ha ii Buxomi. CHUHTE3
Pl [pLiPH

KOMILTEKCHOT OararorentoctkoBoi JIC BU3HAYaeThCs piBHSIHHAM [3, 7]:
z-1
U (JWp) = 510 Re[U,, (jws)] exp(- jW, x2) W, (2), (©)
7=l
ne Uy (jW,) — xommekcuuii npocroposuii criektp mis K- cknanosoi wacosux cnektpis U, (jwsy)
npuiinsTnx peamisauiii U, (t) ; W, (2) —Barosa ¢pynxuis uudposoro aiarpamoyrsopenns (*Bikua”).

CurHaJIbHI  TpyIH {Uk(ij)} MalwTh Yy CBOEMY CKJIaji JIOKaJIbHI EKCTPEMYMH

Pl LpLipH]
npocroposoro cnekrpa Uy (jW,), orpumanoro 3 Bukopuctannsm (3), i € CyKyNHICTIO BIATYKiB CyMDKHHX

MeMoCcToK OaraTonenoctkooi JJC Ha J1it0 BXiJTHOrO BUITPOMIHIOBaHHSI.
JloLinbHO pO3MIISIHYTH JIBa BapiaHTH pearizallii peKOHCTPYIOBaHHS BHIIPOMIHIOBAHb JJISl BUIICHUX

CUTHAIILHUX TPy {Uk(ij)} i [pyipn] . mepmMid — 3 BUKOPUCTAHHSIM aHATITHYHOTO IPOCTOPOBOIO
L:PH
curHany U 5, (j2) , apyruii — i3 3acTocyBaHHAM KOMILUIEKCHOTO pocTopoBoro curHany U, (j2):
H poH éo-l H H O H
Uak(i2)= a a Re[U, (jws )] >exp(- jW, x2) W (Z)gexr)(JWp xZ) =
p=pL €z=
=U p A, (2) exp(j (Way X2+ Y ) @
H poH éo-l H H O H
Uck(i= a g2 U, (iwsy) >exp(- W, x2) W, (2) 2exp(jW, >2) =
p=p_ €z=0 (%)
=Uc W, (2) exp(j(MWe x <2+ Y ci))s
ne Wy, Wz, — mpoctopoBi yacTot K-i CIEeKTpanbHOI CKIAJOBOI CUTHAy, aHaJTiTHYHOrO Ta

KOMIIJIEKCHOI'O ITPOCTOPOBUX cUrHamiB BiinoBinHO, U sy, Y ok, Uk, Y cx — aMIuliTyza Ta moyaTkoBa

(haza aHATITUYHOTO Ta KOMILJIEKCHOTO TIPOCTOPOBUX CUTHAJIB BiJIIOBIIHO.

Amnani3 piBasHb (4) okasye, 1mo nudposuit cuutes GararonemocTkoBoi JIC MOIUIBHO MPEeACTaBUTH
3a JOMOMOTOK aMILIITYHOI MOAYJIALII BUIAJKOBOIO KBa3irapMOHIYHOI'O CHTHAIY 3 BUKOPHUCTAHHSIM SIK
MOJYJIIOBAJILHOI'O CHTHAIY AicHOI (pyHKIIiT V\/q (2). Taka aMIUTiTyJHa MOIYJIALIS € JBOCMYTOBOIO, IIIO

3yMOBIIO€ TaKy mHpuHy DWg mpocTopoBOro criekTpa peKOHCTPYIHOBaHUX CHUTHAIIB!
DWg =2>XDW(, =4p xmg/Zxd , (5)
ne DWy, —mmpuna npocroposoro cniektpa Gpynkuii W, (2); Mg — KinbKiCTh Bi/UTIKIB y CHTHANBHIH rpymi.
YMOBOIO BiJICYTHOCTI Tapa3UTHUX CIIOTBOPEHb CHUTHANY B pasi cuHTe3y OaratomentoctkoBoi JIC 3
ypaxyBaHusM (5) e:
(DWs /Wy) <1. (6)
3 ypaxyBanusMm piBasHb (5) Ta (6) mmpuHA POOOUOro CEKTOpa TMEIEHTYBAHHS I Yac PEKOH-
CTPYIOBAaHHS aHATITUYHOTO TPOCTOPOBOTO CUTHAIY CTAHOBHTH:
Dya =p - 4>arccos(DW,, xd/p) =p - 4>arccos(ms/Z) . @)
ITin yac pEKOHCTPYIOBaHHS KOMIUIEKCHOTO MPOCTOPOBOro cHUrHany (4) mapasuTHi CHOTBOpPEHHS
YCYBAIOThCS, 110 3yMOBITIOE 30UTBIIICHHS IIMPHHU POOOYOT0 CEKTOpA TMe/ICHIYBaHHS:
Dyc =p - 2xarccos(mg / Z) . (8)
[MopiBHsutbHUI aHami3 piBHsAHB (7) Ta (8) mokasye MOIUTBHICTh PEKOHCTPYIOBAHHS KOMILICKCHOTO
MIPOCTOPOBOT0 CHTHAY, 10 3a0e3Meuye iICTOTHE PO3IIMPEHHS pOO0YOro CeKTopa NejiIeHIyBaHHS.

Pe3ynbTaTu Moje/II0BAHHA
3nificHeHO TporpaMHe MOJETIOBaHHS POOOTH JOCTIKYBAHOTO TIENIEHraTopa B CEpeOBHIINI
MathCad 3rigao 3 (2) aiast YMOB: THIl CHTHaly — HENEpepBHHI 3 JIHIHHOI YaCTOTHOK MOIYJISIIE0:

S(t) = Assin(wgt + bt?); 3sHaueHHs LMPUHU CreKTpa Dfg =0,6 MI'n1 ; cMyra 4acToT aHaJli3y IeIeHraiiHoOro
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pamiokanary Df, =10MI'w; poboua wacrora curHamy fg=2ITw; 3HaUeHHA YacCTOTH IMCKpeTH3amlil
fqy =2Df =20 MI'r; xinpkicTh aHani3oBaHMX 4YacoBUX BimmKiB: Ng =2048; TpuBamicte mpouecy

ananizy T, =0,1mMc; BukopucTaHo IHiHiifHy AP i3 KinbkicTo kaHaniB Z =64; HoMepu BHOpaHHX

eneMeHTiB AP z =21, z, =43, 3ananuii Hanpsimok Ha JIPB q = 60°.

OTpuMaHO 3aleKHOCTI cepeaHboro kBaapatuuHoro BimxwienHs (CKB) omiHku meneHra Bif
Hanpsamky Ha JIPB 3a 3amanoro BimHommenust curHan/mym O nb 3 BHKOpHMCTaHHSM peajisaiiii paiio-
BUIIPOMIHIOBaHHS Yy BHUINISAII AHANITHYHOTO MpocTOpoBoro curHaiay (psm 1) Ta KOMIUIGKCHOTO
IPOCTOPOBOro curHamny (psa 2) (IuB. pUCYyHOK).

1,2
<
1 —e—Psanl
—a— Papn2
08 ¢ p
0,6

e |

) \\
0,2

0O 10 20 30 40 50 60 70 80 9 100 110 120 130 140 150 160 170 180
eaewnr, rpan.

CKB ouninku nesenra, rpai.

3anexcnocmi CKB oyinxu nenenea 6io nanpsimky na J{PB

AHaji3 pHCYHKa IIOKa3ye, IO MiJ 4Yac PEKOHCTPYIOBAHHS AHATITHYHOTO MPOCTOPOBOIO CHUTHAITY
poGouHii ceKTOp TeseHTyBaHHs 0OMeskeHmi 1BoMa cektopamu Dy T [20°; 82°] E[98°;160°] , psin 1, mo cyTTeBo
3HIKYE e(eKTUBHICTH pOOOTH TEIEHraTopa 3a PaxyHOK YCKIaJHEHHS aaropuTMy OOpOOJICHHS JaHWX Iif Yac
neenryBanns. [lil 4yac pPEKOHCTPYIOBAHHS KOMIUIEKCHOTO TPOCTOPOBOTO CHTHATY pOOOYMI  CEKTOp
TeNleHryBaHHs cTae CylimbHuM Dy 1 [15°;165°] Ta pO3MMPIOETHCS, IO Ja€ 3MOTY iCTOTHO CNPOCTHTH

AJITOPUTM IEJICHIYBaHHS. 3arajioM pPe3y/IbTaTi MOJICIOBAHHS Ta TEOPETHYHOrO aHANI3Y y3IOIKEHI.

BuchHoeku
BukoHaHO JOCHIPKEHHS MIMPUHU POOOYOT0 CEKTOpa Ta TOYHOCTI MEICHTYBaHHs OE3MOIIYKOBOT'O
IU(PPOBOro KOPEIAIiHO-IHTep(HEPOMETPUYHOTO MENEHTaTopa, IO BHUKOPHCTOBYE PEKOHCTPYIOBAHHS
MPOCTOPOBOTO  AHANITHYHOTO CHTHATY. 3alpolOHOBAHWMN METOJl PO3LIMPEHHS pPOOOYOro CEeKTopa
TEJICHTYBaHHSI 3 BHKOPUCTAHHSM PEKOHCTPYIOBAHHS MPOCTOPOBOIO KOMIUIEKCHOTO CHUTHAIY 3abesreduye

PO3IIMPEHHs CYIITBHOrO cekTopa menenryBanns Dgl [15°;165°] Ta cyTTeBo cmpourye peanizanio
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