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AHomayia

IcHytoya cTpaTeria ynpaBfiHHA 60MOBMM NOPSAAKOM, B OCHOBY AKOI MOKAaZeHO cnocib
ynpasaiHHA no BeAy4yomy abo ronoBHOMY, MPUPOAHO, HE MOF/a CTUMY/IIOBATU 3a/lyYEHHSA
anapaTy CTPYKTYPHOro aHanisy AAA BUPIWEHHA YNPaBAiHCbKMX 3aBAaHb. MalcTepHicTb
NiJIOTaXKy y CKAady rpynu 380AUTHCA 0 PiBHA NiATOTOBKWU JIbOTYMKIB, MOXK/INBOCTI AKMX LLOAO
KOHTPOAIO CBOrO MicuA B 60MOBOMY MOPAAKY OOMEXKeHi i yKnaaaloTbca B CXxemy: Beayumi —
BeaeHUN. OpieHTauia Ha aBTOMaTU3aLilO YNpaBAiHHA CRNiNbHUMW OOMOBUMMM MNOPAAKAMMU
nifotoBaHoi Ta 6e3ninoTHOI aBiauii, Nnpu BiaCcyTHOCTI NinoTa Ha 6opTy 6€3niNOTHOro NiTaNbHOro
anaparty, BUBOAUTb Npobnemy 3a mexi moaentoBaHHA (imiTauii) Aii NboTYMKa NPU BUKOHAHHI
rpynosoro nosnboTy i nepepbayvae MOCTAaHOBKY 3aBAaHb CTPYKTYPHOI Ta napameTpuyHoi
OonNTUMI3aLii CTpolo NifIoTOBaHMX Ta 6e3niNoTHMX NiTanbHUX anapaTtiB B MerKax 6onosoro
nopagky. CyTHicTb npobaemu nonArae y iCTOTHOMY MiABULLEHHI edeKTUBHOCTI iCHYytYMX
NPUHLMNIB YNPaBAiHHA Ta peanisauii NpMHLMNOBO HOBWUX CNOCO6iB ynpaBniHHA 60MoBUMM
nopsagKkammu, WO CNMPaKTbCA, Yy TOMY YMCAi, | Ha BCe 3pOoCTaltodvi MOMKNMBOCTI 3acobis
MiXKNiTaKOBOI HaBiraLii Ta KOHTPO/O MicuA niTaka B 6oMoBomy nopaaky. OauH i3 wnaxis
OOCATHEHHA 3a3HayeHux uinen BHayaeTbcs B PO3POOLI METOoAiB MOLWYKY CTiMKUX i gobpe
KEPOBAHMUX CTPYKTYP.

Knwouosi cnoea: 6oiosuii NopagoK, chifnbHa asiauitHa rpyna, aBTOMaTU3auia ynpasAaiHHA,

CKNaaHWi rpad, MaTpuLA CTPYKTYPU, paLlioHanbHa CTPYKTYpa.

NocraHoBKa npobaemu

OpaHa i Ta % dopma Honosoro NnopaaKy MoxKe
6yt peanizoBaHa 3a A0ONOMOroK  pi3HOI
opraHisauii BHYTPilWHbO cMCTEMHMX 3B'A3KiB [1].
OuiHKa MONMBOCTEN Ppi3HMX CTPYKTYp [2],
HEe3aNeXHOo BiA4, AWMHAMIYHMX BNACTUBOCTEMN

enemeHTiB H6oiMoBOro nopaaKy, nNpeacTaBiAe
AOCUTb ICTOTHWUI iHTEpeC y 3aranbHii Nnpobnemi
aBTOMATM3aLii yNnpaBAiHHA rpynamn NiTanbHUX
anaparis.

AHani3 OCTaHHiIX gocaigXeHb Ta nybaikauin

MHOXWHM  NepeTBOPEHb  BHYTPILHbLOrO
3aKOHY pyXxy cuctemm abo cnocoby ii aji
BW3HA4YatloTb NEBHI NOYATKOBI 3HAYEHHA BXiAHWUX
(BuXigHWX) BEKTOpPIB cMCTEMM 3 MOAANbLINM
NMPUCBOEHHAM HOBWX 3HA4Y€Hb UMM BEKTOpPaMm.
Mpoueaypa opraHisaLii BHYTPILWHbO CUCTEMHUX
3B’A3KiB HaBeAeHa y [1]. BU3HaueHHs npoueayp

OUiHKM CKNAAHOCTI i MaKCMMaNbHOI O0BXWHU
iHbopmaLinHoro uukay rpadis onucaHo y [2].
AbcTparyBaHHA Bifg, KinbKicHOro cknagy Aeakoi
MHOXMWHU eJIeMeHTIB MpeacTaBAAE NOTYHUM
BUMIP CKMIAOHOCTIi TaKOi MHOMWMHW 4YMucaOM ii
e/leMeHTiB. Pi3HOMaHITHICTb UUX eNneMeHTiB
3pY4HO OLUiHIOBATK, CNMPAKOYUCb Ha MOHATTS
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eHTponii 3 CTaTUCTUYHOI Teopii iHpopmau,ii, Wwo
HaBegeHo Yy [3]. Onuc rpadiyHoro Ta

opraHisauii ynpaBaiHHA 60M0BMMKM MopsAAKaMMU
CNiNbHUX aBiauilHMX rpyn HaBegeHo y [7-9].

aHaNITMYHOro BUPIWEHHA  JocnigXKysaHoi  [MopAgoOK ONUCY efleMeHTIB Ta eTanis NoAbOTy 3
ONTMMI3aLiMHOI  33gadi 3  Knacy 3agavy  BMKOPUCTAHHAM  MeTody  OMOPHWMX  TOYOK
OVCKPETHOro nporpamyBaHHA HaBegeHo y [4-6].  HasegeHo y [10].
Ocob6MBOCTI TAKTUUYHUX Ta TEXHIYHUX aCNeKTiB
MNocTtaHOBKA 3aBAAHHA

Omke, MeTo cTaTTi € po3pobneHHA 06nacTb  MNOWYKY  PaLiOHANbHUX  CTPYKTYp
ONTMMI3aLiMHNX npoueayp, WO cnpuatMMyTb 6OMOBUMX NopAAKiB ninoToBaHOoi Ta 6e3niNoTHOI
CMHTE3y CcTpaTerin  ynpasfiHHA  CRiIbHMMKU  aBiauii.

aBiauiMtHMMK rpynamn Ta CYTTEBO 3BY3UTb

Buknag OCHOBHOro martepiany

PosrnaHemo  aBiauiliHy  CTPYKTypy Ha
npuKNagi Takoro po3noBscioaKeHoro 6onosoro
NOPAAKY TaKTUYHOrO MNiapo3giny (naHku) Ak
KAnH (man. 1).

TyT npornagatoTbCA TPU PIiBHI iEpapXidYHOI
CTPYKTYpPW, ANA NiNOTOBAHOI aBialji: cuctema —
NaHKa, nigcuctema — napa, enemeHT —
NiTanbHUIM anapaT; ana 6e3ninoTHoi aBiauii:
CUCTeMa — ecKaZpwuibA, NigcucTtema — NaHKa,
efemMeHT — niTanbHMM anapaTl. B pgaHomy
bolioBoMmy nopaaky ans 6e3ninoTHoi asiauii
HenoAiNbHOK NiACUCTEMOID € NaHKA. J1aHKM
MOXYTb BWKOHYBATM Pi3Hi 3aBAaHHA, OTXKe, i

E;

XapakTep 3B’A3KIB  MiX NaHKaMW  MOXKe
3MiHUTUCA. TOMy, CGOPMYEMO MaTpuUL,i 3B’A3KIB
ON1A KOXKHOI 3 NaHOK 6e3MifIoTHUX NiTaNbHUX
anaparTis —4oTMpboX nigacucrem ki, Ey, Es, Ea,

[0 52 0 s
% 0 0 o
Sl = I 1) I; = 1:21314 (1)
[S31 0 0 0|
®
lo o s® ol

AKi Bi06paKatoTb 3B'A3KN €/IEMEHTIB CUCTEMMU:

Xﬁs) — Ser(r)' r,s = ]_,_N; T #S. (2)

Ey | E,

MantoHoK 1 — BolioBuit NopAAOK TaKTMYHOIO Niapo3ainy (naHKM) ninotosaHoi asiauji (1,2,3,4) —

KNuH; 6e3ninoTHoi asiauii (;”'; ""’; ’""’) — KNMH NaHoK
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IHAEKC r npu Xr(s)o3HaL|ae, LLLO Lel BEKTOp €
CTAaHOM BXOAiB €5 i € pe3yNbTaToM 3B’A3KY 3 e.

KOXXeH enemMeHT CUCTEMWU BOJIOAIE AKMMCb
B/IACTUBMM MOMY BHYTPILLHIM 33aKOHOM PYyXy.
AKWO no3HauntM T, — nNepeTBOPEHHA, LWO
BMPArKae crnocib aii enemeHTy e, TO OTPUMAEMO
N Takux nepeTBopeHb:

Yr(r) = TTX(r), (r,s =1,N; r+ s). (3)

Niactasnatoum (3) B (2), nepeTBOpPeEHHA
MO’KHa NpeacTaBuUTU y BUTNa4i (4e no3HayeHo
SsrTr = Rgr)

Xﬁs) =R,X", r,s=1,N;r#s. (4)

AKWO BeKTOopHi piBHOCTI  (2)
nepeTBopeHHAM (3), To OTpUMaEmMo

nigaatm

ToX; = TS ¥ ),
i, BignosiagHo,
YT(S) = TSSer(T), (r,s =1,N; r+ s). (5)
MpuiiHABLIN
TsSsr = Py, (6)
Li NepeTBOPEHHA MOKHA 3aNncaTn y BUTNALI
v = Py, (7)

MHo»XnHa nepetsopeHb (4) i (7) npunucye
MEBHUM  MOYATKOBMM  3HAYEHHAM  BXigHUX
(BUXigHMX) BEKTOpPiB CUCTEMM HOBI 3HAYEHHA
UMX BeKTopiB. LA MHOXWMHA BigobpaxKae
BHYTPILWWHIM 3aKOH pyxy cuctemun, abo cnocib ii
aii [1].

CknagHuin  BEKTOp, CKNagoBi AKOro €
BXiHUMM BEKTOPAMM OKPEMMUX €/IEMEHTIB, L0
HafeXaTb CUCTEMI, Ha3BEMO BEKTOPOM CTaHiB
BXOZiB CUCTeMM i no3Hauumo Woro X:X =
(X(l),...,X(N)). ToAi [ONA BEKTOpy CTaHiB
BMXOLiIB CUCTEMM 3aNMULLEMO:

Y =YD, y®,. . xMW),

MHOXWHY nepeTBOpeHb (2) €eKBiBa/NIEHTHO
MaTPUYHIN PIBHOCTI, NiBi YaCTUHU AKX Yy BUFNA4)
CK/IaiHMX BEKTOpPIB

Be=(x0,x2,xM),
Ve = (v, v ),

MaTpu4Hi HepiBHocTi (4) i (7) moXKHa 3anuncatn y
BUrNAAI
X, = RX, (8)
Y, = PY. (9)

ae R i P — onepaTtopu nepetBopeHHa; X i Y-
NOYaTKOBMI CTaH BXOAIB | BUXOAiIB BCiX
eNeMeHTiB cucTemu; Yk i 7k — HOBWM CTaH
BXOAiB i BUXOAiB MicnA NnepeTBoOpeEHb.
AHanoriyHo MOHa 3anucaTm B
eKBiBa/leHTHIN GopMmi BEKTOPHI piBHOCTI (2)

X, =YS, (10)

ae S — MaTpuua CTPYKTYpU CUCTEMMU.
MepetBopeHHAa (8) i (9), TakMM YMHOM,

3HaxoAATbCA B TICHOMY B3aEMO3B’A3KY.

Yepes T nO3HAYMMO AiaroHa/ibHy MaTPULLIO

, 0 ... O
T=|(0 T, ... 0,
0 0 ... Ty
HEHY/bOBI e/leMeHTHn AKOI  YTBOPIOIOTb

onepatopu nepeTBoOpeHb, WO BignoBiAaloTb
OKpeMUM esieMeHTam cuctemMun. Taka maTpuus
Ha3MBAETbCA MATPULLEID CNOCOBIB Ailh eniemeHTiB
cuctemn. Onepatopn R i P npeacraBumo y
BUrNAAi AObyTKiB

R=TS,
P = ST,

(11)
(12)

ae S — matpuus CTPYKTYPU CUCTEMMU.
Topai cnocib aii cuctemmn MOXKHa 3anmucaTtm y
BEKTOPHOMY BUINAA:

X, =TSX, (13)

Y, =TSY. (14)

TaKnit cyKynHuin onuc cnocoby aii enemeHTis
i CTPYKTYpM CUCTEMM MOBHICTIO BW3HAYaE
cucTeMY siK 06’ EKT AOC/iAMKEHHSA.

CKknagemo mateMaTUYHUIA ONKUC NiacucTem —
navok BMNA %; (i =1,2,3). Kpim BekTOpiB
cTaHiB BXogis i Buxogis niacuctemm X' i Y’
(BeKTOpM BXOAIB i BUXOAiB CYKYNHOCTi €1EMEHTIB
nigcMcTemu X;) HeobxifHO BpaxoByBaTH 3B"A30K
nigcMcTeMuM 3 30BHIWHIM cepeaoBULLEM Yepes
BekTOpM i Bxoay X.i suxoayY.. WTpux Hapg,
OYKBOIO O3HA4a€, WO NO3HAYEHHS BiAHOCATbCA
4o niacucrtemu X;.
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Mpy UbOMY B CMUCTEMI BCi MOMKAUBI 3B'A3KN
OAHO3HAa4YHO  BPAXOBYHOTbCA, HaCTyNHUMMU
MaTPULAMU: Sec — MaTpuULEero 3B'A3KY BEKTOpP
BXOAY CYKYMHOCTi e/1leMeHTIB 3 BEKTOPOM BXoAy
niAcucTeMu; Sce — MaTpuLeto 3B'A3Ky BEKTOpY
BMXOA4Yy MNiagcMcTemMyn 3 BEKTOPOM  BUXOAY
CYKYMHOCTi eN1eMeHTiB; Sgr — MaTpuuero 3B A3Ky

BXOAiB €NeMeHTiB 3 BuxogZaMu (CTpyKTypa
niacucremn); Scc — maTpuuero 38’A3Ky BUXOAY
CUCTEMM 3i BXOLOM.

Toai nepeTBOpeHHA “BXig, — CTPYKTypa
nigcuctemn — BuXia”  Ans  AOCAIAXKYBaHOI
nigcMcTeMM ONUCYETLCA CUCTEMOIO PiBHAHb, A€
S — maTpuui 38’A3KiB BiANOBIAHNX BEKTOPIB,

X' = SXIXIX’ + SXIVIY' + S)?’)?é)?é + S)?’?éYC,'

Y=T'X
Po3g’axkemo  cuctemy  piBHAHb  AAA
nepeTBOPEHHA “BXi4, — CTPYKTypa niacuctemm —
BMXia” Ana pocnigrysaHoi niacuctemm (15),

Ve = [E = {CSprg + SyavJ| T (CSxzg + Syaz) e

e

(15)

TO6TO 3HAMAEMO PiBHAHHA, WO 3B'A3YE BXig i
BUXig, CUCTEMMN, AKE NPUNME BUTNAL,

(16)

C = (Spz/ (T + Sprpr )I(E = Sgrg)(T) ™t = Sgrgr] ™.

Takmm
HeobxiaHo:

1) CKnacTu MaTpuLto
e/leMeHTiB niacmcremm

YAHOM, [ONnA onucy I'IiACMCTEN\M

nepeTBOpeHb

[Tl’ 0 0 0]
m_|0 T oo of
lo 0 T oJ'
0 0 0 T/
2) onucaTtu BEKTOpU:
X, i Y, — Bxoau i Buxogm niacuctemm X,
BiANOBIAHO;

X' =(xW,x@, x® x®) — gxoam cykynHocri
€/1eMEHTIB;
V' = (YW, y®,y® y®) - guxoam cyrkynHocTi
€/1eMEHTIB;

3) 3anucatu pPiBHAHHA BXOAiB CYKYMHOCTI
eNeMeHTIB PiIBHAHHA BUXOAY NiacmucTemm

{X(l) =X.+Y, x® =y®
x@ —y@®  x@® —yB
Ta piBHAHHA BUXoay nigcucremn ¥, = Y® + Y@,
4) nobyaysaTn MmaTpuLi 38’A3KiB B niacucremi
po3mipHocTi 4x4 (cknag, NaHKKU Hanivye 4otTmpu
I'IiTaKVI)Z SX")?"S)?'Y"SX'Xé'S)?'YC"SVC'V"'
[Ona napu Z; piBHAHHA (16) mae Burnag,

LLLO i € ONMCOM MiACUCTEMM X;.

Onunc KANHY NaHOK 34iACHIOETLCA aHaorYHO
TOMy, AK Ue pobunoca gns naHku. Mpu ubomy
MaTPULA CTPYKTYPU BCI€l cCUCTEMM I 3aNUCYETLCA
B Takuii cnocib:

i 0 Sip Sy
s[5 s 0 sy
0 S Si Su
S4-1 S4-2 S4-3 0

MaTpuua S cknageHa 3 wectu nigmatpuub,
AKi, B CBOIO Yepry, CKNageHi 3 nigmatpuupb Ss, WO
BMPaKaloTb 3B’A3KN eN1eMEeHTIB B nigcucTemax X;
(i =12, 3,4). NiamaTpuui BUparkatoTb: S12 —
38’A30K  enemeHTiB  nigcuctemn X, 3
enemeHTamu nigcmctemm X,; Sz — 38’A30K
enemeHTiB X, nigcMctemm 3 enemeHTamm
nigcuctemmn  Xz; S31 — 3B'A30K  eNieMeHTiB
nigcuctemun X; 3 eemeHTamu niacucremu X4,
abo, iHaKWwe, 3BOPOTHUI 3B'A30K e/fleMeHTIB
Tpbox nigcuctem; S; (i= 1, 2, 3, 4) — maTpuui
CTPYKTYpU cucTem ;.

Mpwu aHanisi dopmyn (13) i (14) gna cuctem
BULLMX MOPAAKIB 32 aHA/NOrE 3 NiACUCTEMOLD
MOXHa 3pobuTM BUCHOBOK, WO TakKi cuctemu
BOMIOAiIOTb  HOBMMM  BNACTMBOCTAMM, CBOIM
cnocobom Aii (3aKoHOM pyxy), WO 3anexkaTb He
Ti/IbKK Bif, cnocobiB Aiii cuctem NepLloro NopsaKy,
a W Bif, CTPYKTYPU B3aEMO3B’'A3KIB €/1eMeHTiB
Pi3HMX MigcucTem nepworo mnopagKy, ue nposBs
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eMepKeHTHOCTI B cuctemi. 3B'A3KM  Uj

BUPAXKAOTbCA B MATPULAX CTPYKTYP niacuctem S;.
MepeTBOpPEHHA “BXig, — KNWH NaHOK — BuUxig”

byae onmMcyBaTUCA CUCTEMOLO PiBHAHD (14)

X = Sﬁ)? + SXY)_/ + Sﬁc)?c + SWCYC
YC = SYC)?X + Sycy)_’ + SYC)?CXC + SYCYCYC’ (18)
Y =TX

ne X, i Y. — Bxig i Buxig cuctemu; Sgy — matpuua
CTPYKTYpM 3B’A3KiB cuctemu (17).

Togi, nosTopMBWIKM BCi  onepauii, wWo
NPOBOAATLCA BULE CTOCOBHO A0 NaHKWU, ANA
CUCTEMM B LINAOMY OTPUMAEMO OMNEpPaTUBHO-
CTPYKTYpHE MEepeTBOPEHHsA BCboro 60/MoBoro
nopaaky — KAWMH  NaHoK. Bua  uporo
nepeTBOpeHHA BignoBigae Bupasy (16). 3micT
MOro BM3HAYAETbCA KOHKPETHOK CTPYKTYpOto
cuctemu. PiBHAHHA 3B’A3KIB cMCTEMM BUXOAATb
bopmanbHO 3 BUKOPWUCTAHHAM  MATPUYHOrO
anroputmy. [lpu ubomy CTyniHb AeTanisauii
CTPYKTypu 601M10BOro NOpAAKY BU3HAYAETLCA 3
MipKyBaHb TaKTWMKM  Aii  nigpo3giny npwu
BMKOHaHHI 60MOBOTro 3aBAaHHA CaMOCTiiHO abo
B CKnagi 6inbw Bennkux ¢opmyBaHb. 3MmiHa
onucy Ccuctemu BIigNoOBIigHO A0 3MiHM i
CTPYKTYPM 34iNCHIOETLCA NEPEKOHCTPYHOBAHHAM
MaTpuub 3B’A3Ky. [Mpnyomy, matouM Ha yBasi
peanisauito  TaKOro nNopAagKy B  CUCTEMI
ynpaBAiHHA, Ui MaTpuui MOXyTb Oyt abo
BU3HAYeHi 3a3ganerigb i BiANOBigaTU MHOXWHI
MOXNBUX PeXMMIB (pi3HOT KOHOIrypau,ii ctpoto
NPW BUKOHaHHI Pi3HMX 3aBAaHb) cuctemu, abo
3MmiHIOBaTUCA B npoueci pobotn B  OYHKU;i
OEeAKNX 3a4aHMX NapamMeTpiB.

Big, BMKNageHHA y3aranbHEHOI  moaeni
601M0BOro NopsAAKy, ik CUCTEMU, Nepenaemo 40
onucy ocobamBocTer CTPYKTyp. HaouHo i
KOHCTPYKTMBHO  MOr0  MOXHA  MNPOBECTY,
cnuparoynch Ha Teopito rpadis. AKwo 6onosui
NOpAAOK YABUTUM MoAaenbHUMm rpadom, TO
npouec pilleHHA MOXHa 3BeCTM A0 onucy rpada,
o BiANOBIJAE NEeBHMM BMMOram i €
ONTMMaNbHUM 33 AKMMCb 3 MO0 iHBapiaHTIB.

B  y3aranbHeHil NOCTAHOBLi  3agavy
chOPMYNOEMO HACTYMHMM YMHOM. Hexahh G —
nobynoBaHuii Knac rpadis, WO 3a40BOJIbHAE
BMMOram i obMerKeHHAM, HaKNageHUM Ha
cuctemy. ©(g), g € G — penaKkui iHBapiaHT, WO

iHTEPNPEeTYE KPUTEPIA ONTUMANBHOCTI CUCTEMMN.
HeobxigHo 3HaiTh nigknac ® ontumanbHux B G
rpadis. YiTKo NPOrNAQaAETLCA ABi
B3aEMonoB’A3aHi  3agadvi  Teopii  rpadis:
nobygosa knacy rpadis G, enemeHTM AKOro
3a/10BOJ/IbHAOTL 3aAaHMM Bumoram; onuc @
onTUMmanbHux B G rpadis.

Wono BubBOpy Kputepiie ONTUMANbHOCTI
MOXHa CTBEpAKYBaTH, wo HalnbinbLy
NPUAHATHUMW BUABNATBCA Ti BUCHOBKM, Ha
OCHOBI AIKMX MalOTb BUXiA, AKMA NPOrnAgaETbCA
Ha MPaKTUYHY peanisaudito. 3 ornagy Ha
cneumdiky 3agadi, A0 HMX cnig BigHecTw
CKNagHictb rpada i MaKCMManbHy [AOBXKUHY
iHpopMmaLiiHoro unkny L.

B ocHOBY MOWYKYy LWYyKaHOI
BEPLUMH i Ayr NOKAaAeEMO:

Ki/IbKICTb €/1IeEMEHTIB CUCTEMM, LLO BU3HAYAE
YMCNO BEPLUUH rpady;

BMMOTM 3aMKHYTOCTi, WO 3 TOYKU 30py
opraHisauii ynpasniHHs nepeabayvyac HaABHICTb B
TiM 4M iHWIiN popMmi 3BOPOTHMX 3B’A3KIB;

NPUHLMN OpraHisauii 38’A3KiB, Npu AKoMy

CYKYMHOCTI

3abe3neyyeTbcA  HAABHICTb  Ti/IbKM  OAHOrO
npAMoro  3B’A3Ky  MiX B33aEMOAIHOUYMMU
enemeHTamu;

OLiHKY cKnagHocTi rpady i MakcMmanbHOi
[OBXKMHN iIHPOPMALLIMHOIO LUMKAY.

Mepw Hi)K octatoyHo  chopmynioBaTH
3aBAaHHA, 3pobumo pAag 3ayBaxeHb. CKnagHy
MeXaHi4yHy cuctemy Oyaemo iHTepnpeTyBaTh
oprpapom G = (X, U), pe X — MHOXKMHA
BepLWMH rpada (BiANoBigaE MHOXMHI eleMeHTIB
cuctemu), a U — MHOXKMHaA ayr rpada (Bignosigae
MHOXMUHI 3B’A3KIB MiXK enemeHTamu). Yepes
D (G,X) nO3HaYMMO MHOXWMHY  [OOCAXKHUX
BepwuH x € X rpada G = (X,U).

Bu3HauyeHHsA 1. MHOXWHa ucu
Ha3MBaeTbcA 6asoto ayr rpada G = (X, U), aKwo:

1.Vx € X[D'(X) =DX)];

2.vU" cU'3xeX[D'(X)/D"(X) = @],
peD'(X) =D(G',X), D"(X) = D(G",X).

Cyrpap G 6b6byaemo HasmBaTm 6a3oBuMM
rpapom, Akwo 6asa ayr rpada G'. Yepes
Z (X,Y) no3HaYMmo MHOMMHY BCiX MNPOCTUX
NlaHuoriB 3 BepwKnH X B Y. BCi MoXAuMBI 3B’A3KN
ANA 3a4aHOro 4ucna enemexTiB cuctemu (n)
onucyrTbcA NOBHUM rpadom beprka 6e3 netenb
(man. 2).
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MantoHoK 2 — MoBHUI rpad bep:ka 6e3 netenb
ANA MOXANBMX 3B’A3KIB 3343aHOM0 YnCna
enemeHTiB cucremu (n)

Tenep B KaTeropiax Teopii rpadis 3agava
CMHTE3y  ONTUMMaAJIbHOI  cucTemMM  3B’A3KIB
bopmyntoeTbCcA Tak: 3HaMTM 6asosuit cyrpad
nosHoro rpada bepxa G (X, Up), Ana 3apaHoro
n=|X|, Takmih wo Vx,y€X[|Z(x,y)|=
|Z(y,x)| = 1] i pna akoro dyHKuioHan F(G) =
aW (G) + BL(G) mae miHimanbHe 3HaYeHHA. TyT
o i B — BaroBi KoedilieHTN, AKi BM3HaAYalOTbCA
cneumdikoto 3a4aui.

Bynes meToa BiglwyKaHHA BCiX 6a30BUX
rpacdis noBHoro rpada bep:ka, He3BaXKaOUM Ha
MNOro TeOPEeTUYHY NPOCTOTY i JIOTIYHICTb, HaBpsAg,
UM BMABUTBCA paLLiOHa/IbHUM CTOCOBHO [0
AocnigXeHHA rpadis, WO ONUCYHOTb peasibHi
asiaLinHi b6onosi nopsaKu, KiNbKicHi
XaPaKTEPUCTUKM AKUX MOXKYTb 3MiHIOBAaTUCA B
O0CUTb  LWUMPOKOMY  Aiana3oHi.  YHUKHYTU
OMUCaHUX TpyAHOLWIB | [Jocartm 6axaHux
pe3yNbTaTiB MOXHA, CNMPAYNCL Ha AOBeAEeHY
Teopemy i MeToA4 CUHTe3y cyrpadis 3
6araToKyTHUKIB, WO BWKOPUCTOBYE oOnepaLii
CTAryBaHHA i CKNEOBaAHHA.

Teopema. Akwo U'- 6asa ayr 6i3s’aAsHoro
oprpada G = (X, U), Toai

|X| < |U'| < 2]X| - 2. (19)

Mpuyomy, axkwo |U'| =|X|, To 6asosui
cyrpad G' = (X,U') aBnaeTbca ramiibTOHOBUM
KOHTypom, a akwo |U'| = 2|X| — 2, To 6a3o8ui
cyrpad — rpad 3 ABOKYTHUKaAMM.

B pe3ynbTaTi onepauji cTAryBaHHA pebpa
(ayrn) BuxigHu rpad G nNepeTBOPHETLCA B
iHWWK, 3 yncnom BepwnH h(G) — 1 i uncnom
pebep m(G) — 1. CyTb CTAryBaHHA MNONArac B

ToMYy, Wo pebpo x_>y BMAANAETLCA, @ iIHUMAEHTHI
MOMY BEPLUMHM X Ta ¥ 3aMiHIOKOTbCA OAHI€EO, LLO
NO3Ha4YaeTbcA Xy. BepwwuHa xy oronowyetbca
CYMIXKHOHO Ti/IbKM 3 TUMW BEPLUMHAMMN MHOXKUHMN
X/(x,y), aKi 8 G 6ynu cymixHi xoua 6 3 oaHieto
3 BepwuH x abo y. CyMixHiCTb BeplwuH
MHOXMHU X /(Xx,y) 3aNUWIAETLCA HE3MIHHO.
Onepauifa cTaryBaHHA pebpa gns BUMNaaKy, Koau
BEPWMUHU X i Y HE € CYMIKHUMM, HA3MBAETLCA
onepavujieto CKNEeBaHHA. Lnaxom 1]
OAHOPA30BOr0 3aCTOCYBAHHA YWUCNO BEPLUMH
3MEHLUYETbCA HAa OAMHULLIO, A Yncno pebep (ayr)
MOKEe 3a/IMLIATUCA HE3MIHHUM.

BusHaueHHs 2. bi3s’a3HuUI rpad, ana AKoro
St(x) =S"(y) =/VXEX, Ha3mBaeTbca n-
KyTHUKOom (n = |X|) abo raminbToHOBUM
KOHTYPOM.

BusHaueHHa 3. bi3B’A3HUI rpad, WO He
MIiCTUTb MPOCTUX OPLMUKANIB [OBXUHM L > 2,
Ha3MBAETbCA rpadom 3 ABOKYTHMKOM. Teopema
0O03BOJIAE 3 MHOMWHM  6asoBux cyrpadis
BUAINNUTK cyrpad 3 MiHIMaNbHOM KiNbKicTio ayr
(raminbToHIB KOHTYp) i 6asosuit cyrpad 3
MaKCMManbHOW KinbkicTio pebep (rpad 3
OBOKYTHUKOM). [IpOintoCTpyeEMO CKasaHe Ha
npuknagi naHkn n = |X| = 4. BignosigHo no
(19), 4 < m(G") <G.

Mpuyomy, BUXOAAYM 3 BUCHOBKIB TEOPEMM,
npu m(G) =4, 6asosuit cyrpad G' saBnse
coboto raminbToHiB KOHTYp, a npu m(G) = 6, —
rpa¢ 3 ABOKYTHMKamu. O4yeBMAHO, WO ANA
raminbTOHOBA KOHTypy | pgna rpada 3
ABOKYTHUKAMM BUKOHYETbCA YMOBA

Vx,y € X[Z(x, )| = Z(y,x)| = 1].

TakMM  4YMHOM, TNOKa3aHa  MOMKIMUBICTb
BUAINEHHA 3 MHOXMWHM 6as3oBux cyrpadis
cyrpada 3 MiHIMaNbHOW  KiNbKicTIO  Ayr
(raminbToHIB KOHTyp) i 6a30BOro KOHTypy 3
MaKCMManbHOW KinbKicTio pebep (rpad 3
ABOKYTHUKaMM), wo 3a/10BO/IbHAOTb
B/IaCTUBOCTI iCHYBAHHA | EANHOCTI | 06UYNCNEHHA
iX iHBapiaHTYy m.

OnuMwemo MOXNMBY MeTOAMKY nobynosu
BCbOro Knacy cyrpadis, oA AKMUX cnpaBea/vMBa
Bnactmeictb (20). Mo3Haummo uyepes G" =
X, U),|X|=n rpadp, 1wo 3a40BOMbHAE
gnactusocti Vx,y € X[|1Z(x,y)| = 1Z(y,x)| =
1]. Toai G" abo i30MOpdHUIA N-KYyTHUK, abo

(20)
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MOKe ByTM OTPMMAHWI 3 KiHLEBOro uYucna ni-
RyTHUKIB G™ = (X;,Y;))X; € X,U; c U. Opyrwit
BapiaHT peani3yeTbCcA 3a PaxyHOK A043aBAHHA
UMX  N-KYTHWKiIB, @ NOTIM MOKPOKOBOro
CKNEeloBaHHA BEPLWH OTpMMAHOro rpada Tak,
WO CK/AEEHI HA MJaHOMy eTani BepwuHU
HanexaTb Pi3HUM KOMMNOHeHTam 0i3B’A3HOCTI
OTPUMaHOro Ha nonepeaHbOMY Kpoui rpada.

AKWO npoBectM MNoAin  UuUuMKniB, TOb6TO
onepauito, 3BOPOTHY onepaLii CKNetBaHHA, TO
OTPMMAEMO [AeAKY Ki/IbKiCTb  HiIKOMMOHEHT,
KOXHa 3 AKUX BiAMoOBiJAE NPOCTOMY OpPUMUKAY
BuxigHoro rpada G" i € raminbTOHOBUM
KOHTYpOM.

YMmoBa posknagaHHA rpada G™ 3a peaxoro
cuctemoto G™i. Takoto YMOBOIO € CMiBBiAHOLLIEHHSA
NoTy»KHOCTen HociiB G™ i cuctem G™i:

k
n=Z(ni—1)+1 1<k<n-1, 2<n;<n
i=1

TakMm 4UMHOM, [ANA BUpPIWEHHA 3ajadi
CMHTE3y Hacamnepen HeobxiAHO 3HanTU uini
pilleHHA piBHAHHA

n=yx (m-1)+1

k=1n-1 (21)

npu cuctemi obmexkeHb 2 <n; < n; i = 1,K.Y
3araJlbHOMy  BMMAZKy pgnA  KoxHoro K
BMpIlLEHHIO piBHAHHA Byae BiANoOBiAaTM NeBHa
cTpyktypa G™, i=1,K. B mexax Knacis
cyrpadis, WO MalTb OOHAKOBY CTPYKTYPY,
MOXYTb iCHyBaTM i3omopoHi cyrpadun. OgHak
HifKi ABa cyrpadu 3 pisHMX KNaciB He i30MOpPdHi.

Y BMNagKy n = 4, pilleHHI0 nignaraloTb Tpu
piBHAHHA Ny =4, ny+n, =5, n +n, +
nz = 6 3 BigNOBiAHMMM cUCTEMAMU 0BMeEKEHb

2<n <4
< <

2<n, <4, {22<_n1<_f’ 2<n, <4
=Mz = 2<n;<4

B pesynbtati  po3B’A3KY UMX  PiBHAHb
OTPMMAEMO 3 TOYHICTIO A0 i3omopdisamy BCi
LIYKaHi 6a3oBi cyrpadu, YMcno akux ans n = 4
[OPiBHIOE YOTUPbOM (Man. 3).

3aKNOYHMIA  eTan  MOWYKYy pauioHanbHOI
CTPYKTYpU 6OMOBOro nOpAAKy MoAsrae vy
MiHimi3auii  ¢yHKuioHany F(G) = aW (G) +

BL(G). BesymoBHO, MOBa He MOXe WMTU npo
CyBOpPY npoueaypy ONTMMI3aLii, Tak AK AOCUTb
npobaemaTMyHMM €  MWUTAHHA  3aBAAHHA

KoediujeHTiB a, B. TMOKM BU3HauMmocsa 3
npoueaypamm OL,iHKM CKNaaHOCTI i
MAKCMManbHOi  AOBMWHM  iIHPOpPMALiAHOIO
umKny rpadis.
@
— TN
L J L
' PR \
[ ]
a 6

7

N

B
MantoHok 3 — ba3osi cyrpadu 3 TOYHIiCTIO 40
isomopdodismy gnan=4

K

Ona  OouiHKM cknagHux rpadis  AouiNbHO
OpiEHTYBATUCA Ha METOAMKY, onucaHy B [2].
BoHa BKAtOYaE:

1. OuiHKY CKNagHOCTI MHOXWH 33 A0MNOMOroH
3HaxoaKeHHAa oyHkuii C = f(n,t,d,), e n —
YMUCIO eNeMEHTIB MHOMWHW; t — 4Ynucno Tvnis
eneMeHTiB; dn — XapaKTep pPo3NoA4iNy efNemeHTiB
no Tmnam. YMoBM, AKMM NMOBUHHA 3a40BONbHATH
C, TaKi:

obnactb ii 3HayeHb NoBMHHa 3b6iratuca 3
MHOWHOI HEBIZ'EMHUX Ymncen;

C noBMHHa BYTWM MOHOTOHHO 3POCTAalOYOIO Bif,
KiNbKOCTi eNeMeHTiB i iX TUNiB;

C noBWMHHA MICTUTU iHbOPMaLiNHY Mipy
Pi3HOMAHITHOCTI MHOXWHMU.

AbcTparyoumcb  Bifg, KinbKicHOro cknagy
OEAKOI MHOXWHW enemeHTiB npeacTaBAfaETbCA
NOTYHMM BUMIP CKNAAHOCTI TaKOi MHOMMUHMU
uncnom ioro enemeHris C(A) = |A| = card A.
Pi3HOMaHITHICTb en1emeHTiB 3py4YHO OLiHIOBaTH,
CMUPAKYMCL Ha MOHATTA eHTPONIi 3 CTaTUCTUYHOIT
Teopii iHdopmauii [3] i BBarkawouM, WO
MMOBIpHICTb NOABW j-ro enemeHTa P; = %, neny,

— KINbKiCTb eNemeHTiB  U-Tuny, [0 AKOro
HaNeXWUTb i- enemeHT. Buxoasauu 3 upboro,
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2. OuiHKy cKknagHocTi rpady 3a A4ONOMOroHo
3HaXo4KeHHA PYHKLT,

C= f(nt,m1,p, 6n 6m 6y 9),

Wo BigobpaxKae MHOXWUHY rpadis B MHOXKUHY
HeBiA'EMHUNX Ymcen.

Bepyun po yBarn BAacTUBICTb aZUTUBHOCTI
iHbopmaLii, NMPONOHYEMO HaCTYMHUWA BUINAL,
dYHKUjT cKnagHocTi rpady:

C =nlog,(2 + ap) (HE + HY, + HE + 1), (22)

m
e & = ————m—

Mmaxym_1)
o4 He HeopieHTOBaHe pebpo eKBiBasIEHTHE ABOM
OpPIEHTOBAHMM:

, NPUYOMY BBAXAETbCA, WO

t _ t M ny .o .
H, = —Zu=17log27 — eHTponiitHa Mmipa
Pi3HOMaHITHOCTI BEpPLUMH;

m
H‘L’ —— ‘L'_ -q
m q=1 .,

pi3HOMaHITHOCTI pebep;

m, e .
log, 7" — eHTponNilHa Mipa

S1 =S1 +RR x
% log, RR

52 =52 +RR %
X log, RR

P _ p M na . .
H; = — A=17l0g27 — EeHTponiHa Mipa
Pi3HOMAHITHOCTI CTYNEeHIB BEPLUMH.
PesynbtaT  OUIHKM  CcKAagHocTi  rpadis,

npeacraBAeHnX Ha man. 3, HaBeAeHi BiANOBIgHO
A0 iHAeKcauii mantoHKiB: W.=6,4, Wes=14,5,
W:=16,8, W:=18,6. [na cTpyKTyp 6010BMX
NopAAKiB, 300paKyBaHMX UMMM XK rpadamm,
OTPMMaHi Ha ocHoBi BMpa3y (17) B NpunNyLWEeHHi
ogHotunHocTi  enementis  (Wi(p)=t, i=1,4)
PiBHAHHA 3B’A3KiB BXOAY | BUXOAY CUCTEMM.

ANroputm OUIHKM cKnagHocTi rpada, pae
BMKOPUCTOBYIOTbCA MO3HauyeHHA: N — uucno
BepwuH; NV — yucno tmnis BepwmH; M — 4yncno
pebep; NR — uncno tmnis pebep; NP — uucno
pisHux ctyneHis; MV(NV) — macuB: posnogin
BEPLIMH 33 TMMAMK; MacuB: po3nogin pebep 3a
™mnamn; MP(NP) — macuB: po3nogain BeplimH 3a
CTYNeHAMM, HaBeAeHO Ha Man. 4.

_ MP(])
~ NP
v

RR

§2=52+4+ RRx
x log, RR

K =N xlogsx
2

X(Z TNON- 1)]
!

C=K(1-51-
—-52-53)

v
c

MantoHOK 4 — ANropuUTM OLLIHIOBAHHA CKNagHocTi rpady
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SLOS

/=1
LMAX,5C =0

SC=5C+1
LIR=5]=1

LMAX = SC

MantoHOK 5 — ANropuTm NOLIYKY MaKCUMANbHOI
AOBXMHU iIHPOPMALLIMHOTO LMKAY

onTUMi3aLinHa 33pa4a
BigHOCMTbCA A0 Knacy 33agay  AMCKPETHOro
NnporpaMyBaHHs Ta MoOXe OyTM BuUpilleHa
OAHOYACHO AK rpadiyHo, TaK i aHanitTMyHo [4-6].
AHaniTMYHe pilleHHA nepenbayae HeobXiaHICTb
odyHKUioHanbHOro 3aBAaHHA 3anexHocti W (L),
O € AOCUTb CKAAZHOK CaMOCTIMHOI 3agauyeto.
ANnbTepHaTUBHUI Migxig, nonArae y 3adaHHi
sanexkHocti W(L) TabnuuHum cnocobom Ta
rpadiyHMM pilleHHAM ONTUMI3aLiMHOI 3adadi y
naowmHi W, L. Y uiin nnowuHi dyHKuioHan byae
BM3HAYEHUN Y OUCKPETHOMY pPsdi TOYOK, LWO
onucyetbca BigHoweHHam W (L). 3apaBwmch
uinbosoto  ¢yHKuieo aW + FL = const Ta
nepemilyroun ii y Hanpsami 3poctaHHAa W Ta L,
BIALIYKAEMO  MiHIMym Yy  Micyi  nepworo
NepeTMHaHHA NPAMOI 3 MHOXMHAMWU TOYOK, LO
XapaKTepusyoTb  A0CAigyKyBaHi  rpadu. Kyt
Haxuny npamoi oo oci 0L BM3Ha4Ya€eTbCA BaroBUmMM
KoediuieHTamn «a,f8 Ta  [OOpPIBHIOE @ =

arctg (— %) (man. 6).

JocnigKysaHa

Wa

MantoHoK 6 — MMoLwWyK MiHIMyMy CKNagHOCTI
rpada abo A0BKUHM iHDOPMALMHOrO UUKAY

Ocob6AMBOCTI TAKTUYHUX Ta TEXHIYHUX acMeKTiB
opraHi3auji ynpasniHHA 60MoBMMM NopAgKamMK
CninbHUX aBiauiiHMX rpyn [7-9] MoXyTb NpuBecTU
00 [ABOX YaCTKOBMX MOCTAaHOBOK AO0C/iAKYyBaHOI
3agadi: ANs8 334aHOi MAKCMMAJIbHOI AOBMXKUHU
iHpopmaLinHoro UMKy BMHaNTU rpa¢
MiHIManbHOI CKNaAHOCTI; NPy 3a4aHiN CKNALHOCTI
3HaUTM rpad 3  MIHIMANbHOK  [OBXWHOM
iHpopMaLiMHOro LmKAy.

Ha BiAMiHHICTb Big, 3arafibHOro BMNaAkKy, anAa
po3B’A3aHHA UMX 33a4ay BignoBigHO BBOAATLCA
AoaaTKoBi obmexkeHHA L = Ly, abo W = W,,,..
lpadiuHMit  ceHC yBegeHHA UMX obmeXKeHb
nonara€e y TOMy, WO 3 AMCKPETHOI obnacti y
naowwmHi napameTpis (W, L) BUOKpeMAOETbCA pAL,
TOYOK, LLO NexaTb Ha npamin L = L,,,, abo Ha
npamin W = W,,,, Ha Akmx i onTumisyeTbca
dYHKUioHan. BoyeBuab, WO ANA PO3MIAHYTOrO
Buay oyHkuioHany V a, 8 1oro miHimym 6yae
3Haxo04MTMCb ANA NepLloi YaCTKOBOI NOCTAaHOBKMU
3a4au4i y Halbamxkuil Big oci OL Toulj, Lo NeXnTb
Ha npamin L = Ly, ,, a ana apyroi —y HanbamsKuii
Bia oci OW Touuj, wo nexkutb Ha oci W = W,

3apady nowyKky 6a3oBux cyrpadis NOBHOro
rpady bepka 3  334aHOI0  OOBMKMHOMO
MaKCMMaJIbHOTO MPOCTOro LMKAY MPOMOHYEMO
po3B’A3yBaTM Y BIiANOBIAHOCTI 3 aArOPUTMOM
(man. 7).
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1=}
SCH=SCH+1
J=]+1
6L="6L+1

< a<n >

R(1,1) = B(11)

Tax
.

=1

Man. 7 — AnropuTm nowyky 6asosux cyrpadis
nosHoro rpady bep:ka 3 334aHOI0 A0BXMHOIO
MaKCMMaNbHOIo NPOCTOro LNKAY

Bci npocTi umkan BuHanaeHoro cyrpady
MatoTb EANHY CNiNbHY BepLnHY. No3HayeHHA: N
— yucno BepwuH rpady, LMAX — [O0BXWHa
HalbinbWworo npocToro umkny, B — maTpuus
CyMixKHOCTi nosHoro rpady bepxka, R (N, N) —
MaTpULA CYMIXKHOCTI opep»KaHoro 6a3oBoro
cyrpady, SCH — NOKaXKYMK AOBXKMHU UMKy, GL —
NMOKaXKUYMK OXOMNNEHUX LLUKNAMU BEPLLMH.

BucHoBKMU

Peanisauin ONUCAHUX  ONTUMI3ALiMHMX enemeHTiB  60OMOBOro  MOPAAKY  CNiNbHOI
npoueayp CNpuATMME CUHTe3y CTpaTerii  asiauiMHOI rpynu, Npu BMKOHaHHI 3aBAaHb 3a
yNpaBAiHHA CNiINbHUMW aBialiMHMMKM Tpynamu  NPU3HAYEHHAM  3rigHO Kypcis  6o110BOi
Ta CYTTEBO  3BYy3uTb 06sacTb  MNOWYKY MNiArOTOBKM POAiB aBialii, 3@ BCima eTanamwu
paLioOHaNbHUX CTPYKTYp CRibHUX 60MOBMX  MOALOTY, o onMcyBaTUMYTbCA 3

nopAakis ninotoBaHoi Ta 6e3ninoTHOI asiaLil.
Moganbwi  pocnigeHHA noaaraTUMyTb Y
KOHKpeTm3aLii AMHAMIYHUX XapaKTEPUCTUK BCiX

CnNUCOK BUKOPUCTaHUX AXKepen

BUKOPUCTAaHHAM MeToAy onopHMx Toyok [10], a
NPUKIHLEBI  BMCHOBKM  CMMPATUMYyTbCA  Ha
pe3ynbTaTh MOAENOBAHHA.
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AHHOMayus

CywiectBylowana crtpaterMa ynpasneHua 6o0eBbiIM MOPSAKOM, OCHOBaHHaa Ha MeTode
ynpas/ieHua no Beayliemy WAM T[1aBHOMY, €eCTeCTBEHHO, He MOXeT CTUMY/IMPOoBaTb
npusaeYeHWe annapata CTPYKTYPHOrO aHaamMsa [Aas peleHua  yrnpaBieHYecKMx 3ajad.
MacTtepcTBo ¢uMryp BbICLIEFO MW/IOTA)Ka B COCTaBe rPynne CBOAUTCA K YPOBHIO MOATOTOBKM
JIETYNKOB, BO3MOXKHOCTM KOTOPbIX KOHTPO/IMPOBATb CBOE MEeCTO B 60eBOM NOpAAKE OrpaHUYEHbI
M 3aK/Alo4YeHbl B CXeMe: BeAyluii — Begombli. OpueHTaumMa Ha aBTOMaTU3auMiO0 yYnpaBaeHua
COBMECTHbIMU 6OEBbIMM MOPAAKAMWN MUNOTUPYEMOM U BECNUAOTHOM aBMaLUKM, NPU OTCYTCTBUN
nunoTta Ha 6opTy 6ecnunoTHOro fneTaTesibHOro annapaTta, BbiBOAMUT MpobsiemMy 3a pPaMKM
MOAEeNupoBaHMa (MMUTaUMKU) OENCTBUIA NeTYMKA NPU MUCMNONHEHMM TPYNnoBOro noseta wu
npeaycMmaTpMBaeT NOCTAHOBKY 33434 N0 CTPYKTYPHOM M NapaMeTpUUYEeCcKOM ONTUMMM3ALLIUK CTPOA
NUAOTUPYEMbBIX U BECMUIOTHBIX NIeTaTe/lbHbIX annapaToB B npeaenax 6boesoro nopagka. Cytb
npobaembl 3aK/lO4YaeTcA B 3HAUUTENIbHOM MNOBbIWEHUU 3PPEKTUBHOCTU CYLLECTBYIOLLUX
NPUHLUMNOB YMNpPaBieHMA W peanusauum MPUHUMNMANBHO HOBbIX crnocoboB ynpasBaeHus
60eBbIMX MNOPSAAKAMM, KOTOPble OCHOBAHbLI, B TOM YMC/e, HA MOBbLIWEHNUN BO3MOXKHOCTEMN
CpeacTB MerKCaMoJIeTHOM HaBUTALMKM U KOHTPONSA MeCcTa camosieTa B 6oeBom nopsagre. OgHUm
M3 MyTel AOCTUXKEHMA ITUX Les1el ABNAeTcA pa3paboTKka MeToA40B MOUCKA YCTOMYMBBIX M XOPOLIO
yrnpasasaemMblX CTPYKTYP.

Kniouesble cnoea: 60eBOlV NOPSALOK, COBMECTHas aBMALMOHHAA rpynna, aBToMatusauus
yMpaB/eHWsA, CIOXKHbIN rpad, MaTpuua CTPYKTYPbI, paLuyoHaibHas CTPYKTypa.
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Abstract

The existing combat command and control strategy, based on the command and control method
of the leader or chief, naturally cannot stimulate the involvement of a structural analyze to solve
command and control problems. The skill of the aerobatics in the group is reduced to the level
of training of pilots, whose ability to control their place in combat formation is limited and
enclosed in the scheme: the leader — the led. The orientation to automate the command and
control of joint combat formations of manned and unmanned aviation, in the absence of a pilot
on board the unmanned aerial vehicle, takes the problem beyond the modeling (simulation) of
the actions of the pilot in the performance of group flight and provides for the task of structural
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and parametric optimization of the combat formation parameters of manned and unmanned
aerial vehicles in the combat formation area. The essence of the problem lies in significantly
improving the effectiveness of existing principles of command and control and implementation
of fundamentally new ways of command and control by combat formations, which are based on
improving the capabilities of navigation and monitoring the aircraft's place in combat formation.
One way to achieve these goals is to develop methods to find sustainable and well-controlled

structures.

Keywords: combat formation, joint aviation group, automatization of command and control,
complex graph, matrix of structure, rational structure.
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