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AHomayin

Mpouec BMMNPOOYBaHb aBialiMHOI TEXHIKM BIMCbKOBOrO MpPU3HAYEHHA, B TOMY YUCAi i
BEPTO/IbOTIB, MOJIATAE B OTPUMAHHI NIbOTHO-TEXHIYHUX XAPAKTEPUCTUK, LLO XaPaKTepU3YyHoTb
OAaHWN 3pas3oK, Ta MOPIBHAHHA iX 3 XapaKTepPUCTMKAMM, 3a4aHMMMK Y TaKTUKO-TEXHIYHOMY
3aBAaHHi. OZHIEO 3 KTKOYOBMX BUMOT [,0 CUCTEMM 3aXUCTY CYHACHUX BEPTONbOTIB € SHUMKEHHSA iX
Ten/s0BOi MOMITHOCTI, WO YCMilWHO peani3oBYETbCA 3a AOMNOMOrOK BCTAHOBAEHHA EKPaHHO-
BUXJIOMHUX NPUCTPOiB. OCHOBHI XapaKTePUCTUKN EKPAHHO-BUXIOMHUX NPUCTPOIB, MIiCTATb LLiANIA
CMEKTP XapaKTEPUCTUK Ta paKTopiB, AKi He Anwwe NOTPebyoTb KOMMEKCHOrO MigXxoAay B OWiHL
iX epeKTMBHOCTI, @ M NOCTIMHO 3MIHIOKOTbCA 3 ypaxyBaHHAM HOBMX AOCAFHEHb Y 3a3HAYeHIN
coepi. Tomy nUTaHHA YAOCKOHAJIEHHA METOAMK OUiHKM MiACMCTEMM EKPAHHO-BUXJIOMHUX
NpUCTPOIB Ha eTani BUNPobyBaHb BEPTONbOTY € JOCUTb aKTyaNbHUM.

OuiHKa BiANOBIAHOCTI BEPTOAbLOTY 3i BCTAHOBAEHMMWM €EKPaHHO-BUXAOMHUMMU NPUCTPOAMM
BMMOraM TaKTMKO-TEXHIYHOTO 3aBAaHHA, Ha eTani BMNpPobyBaHb, HEMOXK/MBa 6e3 OoKpemoi
METOAMKM, BUKOPUCTAHHA AKOI [A03BOMIUTb OTPUMATU E€EAMHUIM Niaxiga, npu  BU3HAYEHHI
epeKTUBHOCTI KOMMIEKCY 3aXUCTY HA NePeNPOEKTHNX Ta PAHHIX MPOEKTHUX CTALiAX PO3POOKM
(MopepHi3aLii) cuctem 3axucTy BEpPTONIbOTIB, @ TaKOXK MPU BUNPOOYBAHHAX CUCTEM 3aXUCTY
MOJEPHI30BaHMX Ta HOBITHIX 3pa3KiB BEPTO/IITHOI TEXHIKM.

MpobaeMHMM MUTAHHAM OLHKM 3aXMLLEHOCTI BEPTO/IbOTIB 338 PaxyHOK 3HUMKEHHA TenaoBoi
NOMITHOCTI NpuaineHo yeary 6araTbox HayKOBMX AOCAiIAKeHb Ta nybaikauii, AK B YKpaiHi TaK i
3aKopAoHOM. Ane iCHytoui NiaxoamM B HENOBHIW Mipi BPaxOBYHOTb Cy4acHi CUCTEMM 3aXMCTY, TaKi
AK eKPaHHO-BUXJIOMHI NPUCTPOI, O 0OMENKYE iX BUKOPUCTAHHA NpU NpoBeAeHHi BUNpobyBaHb
HOBMX Ta MOZEPHI30BAHUX 3Pa3KiB BEPTOJIITHOI TEXHIKM.

3 ornagy Ha CyvyacHWI PO3BUTOK TEXHIKM, MOCTAE JIOFYHE MWUTAHHA OLIHKM 3aXULLEHOCTI
BEpPTO/IbOTIB 3 BPaxyBaHHAM BHECKY MiACUCTEMW EKPAHHO-BUXIOMHUX MPUCTPOIB CUCTEMMU
3aXMUCTY Ha eTani ix BUNpobyBaHb.

Y cTaTTi NnpoBeAeHO aHani3 OCHOBHMX CKAAZO0BUX, AKi BU3HAYalOTb NOPAAOK BUBOpPY KpuTepiis
OLHKN edEeKTUBHOCTI KOMMJIEKCY 3aXWUCTy BEpPTO/IbOTY 3 BpaxyBaHHAM BKA34y NigcMcTemu
€KPAHHO-BUXNOMNHUX NpUCTpOiB. [lpoBeseHO aHani3 iepapxidyHOi CTPYKTYpu BEPTONLOTY,
NpeACcTaBNEHOro y BUMNALI CKNAAHOI TEXHIYHOT CUCTEMM, AKA CKNALAETbCA 3 e/leMeHTIB, Lo
BM3HAYaloTb ii BNAaCTUBOCTI. 3aNpPONOHOBAHI WANAXU YAOCKOHANEHHA METOAMK OLiHKM BHECKY
€KPaHHO-BMX/IOMHMUX MPUCTPOIB Yy 3arajsibHy CUCTEMY 3aXWUCTy BepTO/IbOTY MPW MNPOBELEHHI
BUNPOBYBaHb.

3a pesynbTaTamMu AOCAIAKEHb 3aNPONOHOBAHA METOAMKA OLIHKM 3aXULLEHOCTI BEPTO/bOTY 3
ypaxyBaHHAM BHECKY MiACUCTEMM EKPAHHO-BUXIOMNHMX MNPUCTPOIB CUCTEMM 3aXUCTY, fAKa
[03BO/IAE BU3HAUNTM HaWbinbw cnabki BAaCTMBOCTI NigcucTemu, OLHUTU T 3arasibHUN piBEHb,
AKMIA  XapaKTepu3yeTbCs HAbOpPOM MOKa3HWKIB i po3pobuTM 3axoanm [as  NigBuULLEHHSA
3aXULLEHOCTi BEPTONbLOTY.
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MocTtaHoBKa npobaemu

Mpouec BuMnpobyBaHb OyAb sKOI aBsiauilHOI
TEXHiKM BilACbKOBOro NPU3HAYeHHs, B TOMY YMCAI i
BEpPTO/IbOTIB, MNOMArA€E B OTPUMAHHI /bOTHO-
TEXHIYHUX XapPaKTEPUCTUK, WO XapaKTepusyloTb
OaHUA  3pas3oK, Ta NOpPIBHAHHA  iX 3
XapaKTePUCTUKAMMK,  33JaHUMKU Y  TaKTUKO-
TeXHIYHOMY 3aBAaHHI. OZ4HI€EI 3 KIOYOBMX BUMOT
00 CUCTEMW 3axXMCTy Cy4acHWX BEPTOJIbOTIB €
3HUXKEHHA iX Tenn0BOi MOMITHOCTI, WO YCRiWHO
peani3oByeTbCA 33 A0MOMOIOIH0 BCTAHOBJIEHHA
€KPaHHO-BUXOMHMUX NPUCTPOIB. OCHOBHi
XAPAKTEPUCTUKN eKPAHHO-BUXIOMHUX MPUCTPOIB,
AK CKNagoBOi CUCTEMU 3aXMCTYy BEPTO/bOTIB
MICTATb LiINA CNEKTP HE JiMWe CYTO TeXHIYHMX
XaPaKTEPUCTUK, TaKMX AK NOTYXKHiCTb
BMMPOMIHIOBAHHA, CNEKTP BUMPOMIHIOBAHHA Ta
iHLWI, WO BUMIpHOHOTbCA B 1aOOPATOPHUX YMOBaX,
ane " UWiAMin pag iHWKWX XapaKTEPUCTMK Ta
dakTopis, AKi He  JiMwe noTtpebytoTb
KOMM/IEKCHOIO NigxoAay B oujiHUj iXx eheKTUBHOCTI,
a 1 NOCTIMHO 3MiHIOKOTbCA 3 YPaxXyBaHHAM HOBMX

[OCArHEHb Yy 3a3HayeHin coepi. ToMy NUTAHHA
VAOCKOHANIEHHA MeTOAMK OUIHKM nigcucremm
E€KPaHHO-BUXJIONHMX  MNPUCTPOIB  Ha  eTani
BMNPobyBaHb BEPTONbOTY € AOCUTb AKTYa/IbHUM.

OuyeBUAHO, LLLO 41 OTPMMAHHA KOMM/IEKCHOTO
BMCHOBKY MpO BigNOBIgHICTb BEpTONbLOTY  3i
BCTAHOB/IEHUMMU €KPAHHO-BUXIOMHUMM
NPUCTPOAMM  BMMOTaM  TAKTUKO-TEXHIYHOIo
3aBAaHHA, Ha eTani BMNpobyBaHb, HeobxigHO
YOOCKOHaUTU  METOAMKWU  OUiHKW  BNAUBY
€KPaHHO-BUXJIOMHUX  MPUCTPOIB  Ha  NIbOTHO-
TEXHIYHI XapaKTepUCTUKN BEpTONLOTY LUJIAXOM
PO3PO6KM OKpeEMOi METOAMKW, BUKOPUCTAHHA
AKOI [,03BO/IUTbL CMIPOCTUTM Ta OTPUMATU EANHWUNI
niaxig Npu BU3HadyeHHi epeKTUBHOCTI KOMMANEKCY
3aXMCTY Ha NepeanpOEKTHUX Ta PAHHIX MPOEKTHMX
CTaaiax po3pobKku (MoaepHisaLii) cuctem 3axmcrty
BEPTO/IbOTIB, @ TAKOX NPU BUNPOOYBAHHAX CUCTEM
3aXUCTY MOAEPHI30BAaHMX Ta HOBITHIX 3pa3kKis
BEPTONITHOI TEXHIKN.

AHani3 ocTaHHiIX gocniaxeHb Ta nybaikauin

MNpobaemHMM NMUTAaHHAM OLHKU 3aXMULLLEHOCTI
BEPTO/IbOTIB 3@ PAXYHOK 3HWMKEHHA Ten/ioBoi
NMOMITHOCTI npuaineHo yeary 6araTbox HayKOBUX
Aoc/iaXeHb Ta nybnikauin, Ak B YKpaiHi [1-4] Tak i
3akopgoHom [5-7]. Ane icHytodi nigxoau B
HEerMoBHIA Mipi BPAxOBYHOTb Cy4YacHi CUCTEMM
3aXUCTY, TaKi AK €KPaHHO-BUXNOMHI NPUCTPOI, WO
0bMeNKYE X BMKOPUCTAHHA NpPU NPOBEAEHHI
BMNPoOyBaHb HOBMX Ta MOZEPHI30BAHMX 3Pa3KiB
BEPTONITHOI TEXHIKW.

NPOaHaNi30BaHi pPi3Hi aCNeKTU 3acTOoCyBaHHA Ta
e(deKTUBHOCTI O3HAUYEHUX CUCTEM.

Y pobotax [2-4] ocHOBHa yBara npwuiineHa
po3pobui MaTeMaTUYHUX MOZENEA MOKa3HUKIB
edeKTUBHOCTI BepTO/IiTHOI TexHiku. lNpoBeaeHo
aHani3 nporpamHO-MeToaMYHOrO anapaTy Ha
Pi3HMX eTanax BuUMNpPobyBaHb MOAEPHI30BaHOI
BEPTONITHOI TEXHIKN.

Y nybnikaujiax [5-7] po3rnagaoTbca cy4acHUin
METOAMYHUIM nNiaxia [0 BUPILLEHHA 3aBAaHHSA

Y moHorpadii [1] po3rnaHyTi ponb i TeHAEHU|i BM3HA4YeHHs  TenaoBoi Ta  iHPpa4yepBOHOI
PO3BUTKY CUCTEM 3aXUCTY NOBITPAHUX 06'EKTIB Big, NOMITHOCTI LLSIAXOM Komn'toTepHOro
pakeT 3 iHOpa4YepBOHMM CaMOHABEAEHHAM,  MOAE/OBAHHSA.

NocraHOBKa 3aBAaHHA

OCHOBHi XapaKTEPUCTUKM CUCTEM 3aXUCTYy  XAPAKTEPUCTUKM, HanNpuKAag,  iMOBIPHICTb

BEPTO/NIbOTY  Bif, ~ KEpOBaHMX  pPaKeT 3  HEeB/lYyYaHHA paKeTm y Uinb. 3 ornagy Ha

iHppayepBOHMMN TONIOBKAMU CaMOHaBeAEHHA
KPiM CYyTO TEXHIYHMX MapameTpiB, TaKuX fK
NOTYKHICTb BUMNPOMIHIOBAHHSA, CMeKTp
BUNPOMIHIOBAHHA Ta iHLWeE, WO BUMIPIOOTLCA B
NabopaTopHUX YMOBax, MICTATb iIMOBIPHICHI

CYYaCHWI PO3BUTOK TEXHIKM, MOCTAE JOrivyHe
NMUTAHHA OLIHKM 3aXMLLEHOCTI BEPTO/bOTIB 3
BpaxyBaHHAM BHECKYy MiACUCTEMU eKpaHHO-
BUXIOMHMX MPUCTPOIB CUCTEMM 3aXMCTY Ha eTani
ix BUNnpobyBsaHb.
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MeToto cTtatti € PopMyBaHHA METOAUKMK
OLiHKW 3aXMLLLEHOCTI BEPTONbOTY 3 ypaxyBaHHAM
BHECKY nigcucremm €KPaHHO-BUXJOMHUX

Bukaag OCHOBHOro martepiany

NPUCTPOIB CUCTEMWU 3aXMCTY 3 NOAANbLUIOK i
anpobalieto Ha NpaKTuu;.

OpHielo 3 OCHOBHUX BAacTuBocTen 6oinoBsoi
edEeKTMBHOCTI BEPTO/IbOTY € MOro 3axXMLLEHICTb.
LUto BAACTUBICTb  XapaKTepusye  34aTHICTb
BEPTO/IbOTa BMKOHYBaTU CBOi  YHKUIT 3a
NPU3HA4YeHHAM B  ymoBax gii  3acobis
NPOTMBHMKA: BWABNEHHA, NPULINIOBAHHA i
ypaxeHHA. B cBow uyepry, CKNagoBumMu
3aXMLLEHOCTi BEpPTONbOTY € XapaKTepUCTUKMU
601M10BOI KMBYYOCTi, MOMITHOCTI, NPUAYLIEHHSA
3acobiB NPOTMNOBITPAHOI 060POHM.

OCHOBHi  3ycunna po3pobHUKIB  3axucTy
BEPTO/IbOTIB  CNPAMOBAHI  HAa  3HUMKEHHA
TEN0BOI MOMITHOCTI Ta CTBOPEHHSA HOBUX TUNIB
cucTeM, AKI BM/IMBAKOTb Ha KepoBaHi 3acobu

yparkeHHA. B ymoBax cborogeHHa, npu
NPOEKTYBAHHI CUCTEM 3aXUCTYy BEPTO/bOTY Ta Y
Cy4yaCcHMX  gochnigxeHHsx [5-7], wupoko
BUKOPUCTOBYIOTbCA ~ MEeTOoAM  MPOrpamHoOro
MoeNtoBaHHA npouecis ix pobotn [5], sk ue
306pakeHO Ha pUCcyHKY 1. Pasom 3 Tum,
OCTaATOYHY OU,HKY BigNoBiAHOCTI
XapaKTepPUCTMKAM, 33a4aHUMM Yy  TaKTUKO-
TEeXHIYHOMY 3aBAaHHi, MOXANBO 3pOOUTU NnLe
nig, Yac npoBeAeHHA NPaKTUYHUX BUNPOOyBaHb
(puc. 2), pesynbTaT SAKUX MOXKYTb iHOA)
KapAMHanabHO Bigpi3HAOTLCA Bif,
NPOrHO30BaHNX XapPaKTEPUCTUK.

PucyHok 1 — Pe3ynbTatv MoAentoBaHHA PO3CitOBAHHA TEMJIOBOrO MOTOKY BEPTONbOTY

Po3pobKa MeToAUKN OLIHKM 3aXULLEeHOCTI
BEPTO/IbOTY 3 ypaxyBaHHAM BHECKY Niacuctemu
€KPaHHO-BUXNOMHUX NPUCTPOIB cMcTemm
3aXuCTy  noTtpebye npoBeAeHHA  aHanisy
iEpapXiYHOI CTPYKTYPM BEPTONIbOTY, AK CKNAAHOI
cucTemu.

AHani3 iepapxiyHoOi CTPYKTypu aBnse coboto
cucTtemaTuUyHy  npoueaypy Ana  iepapxivyHo
NpeacTaB/eHOi CKAAAHOI TEXHIYHOI CUCTEMMN,
AIKA CKNAJQETbCA 3 €/IEMEHTIB, WO BU3HAYalOTh il
B/IaCTMBOCTI. 3a3HayeHWin aHani3 nonsrae B
JeKomnosuLlii cuctemu Ha  binblu  nNpoCTi
CKNagoBi 4YaCTMHM, 3 NOAANbLUMM MNOETAMHUM
NAapHMM NOPIBHAHHAM MOKA3HMUKIB cUCTEMU 3
TaKMMW  3HAYEHHAMM MOKA3HMKIB, AKi €
Kpawmmm  Ana  CUCTEMM  AAHOro  piBHA

CKNaAHOCTI i BM3HAYeHOro (QyHKLIOHANbHOIO
npusHadeHHAa. Lle Halikpawe noe€aHaHHA
NOKAa3HMKIB, MOX/IMBO HAa3BaTK paL,ioHaIbHUMM
3HAYEHHAMM CKNAZHOI TEXHIYHOT CUCTEMM.

B 3aranbHOMY BMNAAKY 3aBAAHHA 3BOAUTLCA
[0 NOETanHOro BCTaHOBJIEHHA CNiBBIAHOWEHHA
MiXX  3HAQYEHHAMM, AKi  aHani3ylTbCcA Ta
PALiOHANbHUMM 3HAYEHHAMU. TAKMM YUMHOM,
KOXXHa 3 BJIaCTUBOCTEM AOCAIAHOrO 3paska
BEPTONbOTY OLLHIOOTLCA 32 A0MNOMOIO CBOro
NoKasHMKA. [lOKa3HMK, HAKMA OLIHIOE BCHO
CTPYKTYpPYy CBOiX BNACTUBOCTEN, HA3MBAETLCA
KomnaekcHum. [ogibHo [0  BAAcTUBOCTEN,
KOXEH TMOKa3HWK MOKe BUCTYNnaTh, fAK
KOMMNNEKCHMN NO BiAHOLIEHHIO A0 MOKa3HUKIB
BJIACHOI CTPYKTYPU ANA HUXKYMX BiJ4 HbOro
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iEpapxivyHMX pPiBHIB, i BOAHOYAC, AK YAaCTKOBUI NO
BiAHOLLEHHIO 4,0 BULLUX IEPAPXIYHMX PiBHIB.
3Ha4YeHHA NOKa3HMKA KOXKHOIi 3 BNaCTUBOCTEMN
O0CNIAHOro 3pa3ka BepTO/bOTY 3a/eXUTb Big,
TEXHIYHMX XapPaKTEPUCTUK Ta YMOB, B AKMX BOHU
OLiHIOBA/IUCh.
3Barkatoum Ha L0 YMOBY, KOXKEH 3 MOKa3HWUKIB

MOXe BM3HAYATUCb, AK A9 KOHKPETHUX YMOB
(BMKOHAHHA TWNOBMX 3aBAaHb), TakK | pnA
YyacTkoBoi abo BCi€l cykynHoCTi ymoB. Ane cnig,
3a3HauMTM, WO TaKa npoueaypa MoOxe
3aCTOCOBYBATUCb NNLWE ANA TUX BAACTUBOCTEWN
cUCTeMM, AKIi  MOXyTb O6yTM ouiHeHi abo

BUpPAXKEHi KiNbKiCHO.

375C

B 153°C

PUCYHOK 2 — Pe3ynbTaTh NpakTUYHMX 3aMipiB TENJ0BOI NOMITHOCTI BEPTONbOTY
3 BCTAHOB/IEHMMM EKPAHHO-BUXIONMHUMM NPUCTPOAMM NiJ, Yac NpoBeAeHHA BUNpobyBaHb

Hexalhn € n NOKa3HMKIB, AKi XapaKTepusyoTb
BNIACTUBOCTI Ha k-my iepapxiyHOMy piBHi
CKNagHoi TexHi4yHoi cuctemun. BignosigHo a0
BMKNALEHOr0 MeTody MNOPIBHAHHA Yy Mmipy
PaALiOHANbHOCTI, MOPIBHABLWIM KOXEH 3 n
MOKA3HMKIB 3 MOro paLioHaZIbHUMM 3HAYEHHAMM

R* A

1

OTPUMAEMO N OLHOK MOKA3HWUKA R{‘ Ha k-my
iepapxiyHomMy piBHi. KoXHa 3 UMX OLIHOK R{‘
XapaKTepu3yBaTMme BIgHOCHWA piBEHb MO
AAHOMY MOKAa3HWMKY. [lNA HAOYHOCTI aHanisy
pe3ynbTaT 3py4HO NPeACTaBAATM Y BUINALI
rictorpamu (pwmc. 3).
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PucyHok 3 — MpuKknag nobyaoBum rictorpamm oLLiHOK NOKa3HUKIB
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AHani3 AaHUX TaKOro poay A03BOJAE:

- BUABUTU Halbinbl cnabkKi BAaCTUBOCTI;

- BU3HAYNTH B/1aCTMBOCTI, npu
NPUCYTHI pe3eps, KoK R{‘ > 1;

- OLLiHMTM 3ara/ibHM PiBEeHb NiACUCTEMMU, SIKa
XapaKTepM3YETbCA AaHMM HABOPOM NOKa3HMUKIB.

Hainbinbw cnabkoto BnacTMBicTo niacuctemm
byne Ta, AKA Ma€ HalMeHLle 3HAYeHHs 3 R{‘.
Mpnyomy, AKLLO BCTAaHOBUTU AEAKMIA Aiana3oH

[Rik ]min +A

AKUX

OTPMMAEMO MOMKJ/IUBICTb BUSBUTU  Fpyny
B/IaCTUBOCTEMN, AKi MaloTb HeAOoCTaTHIl piBeHb.
Ona  Takux BNaCTUBOCTEM  3HAYEHHA R{‘
3HAXOAUTUMYTbCS B MEMKaX

[Rik]min SRikS[Rik] +A

min

OTpumaHi  TaKMM  UYMHOM  BJIACTUBOCTI
CTAHOBAATb iHTEPEeC 3 TOYKM 30py PO3POLKM
3axo/iB A1 iX NiABULLEHHSA, ane 34iMCHI0BATH L
3axo4M AO0UiNbHO Aule nicna peTesibHOoro i
BCcebiYHOro aHanisy BarM UMx BAaCTUBOCTEN, iX
BN/MBY HAa  TAKTMKO-TEXHIYHi  BAACTUBOCTI
BEPTONbOTY B LUiZIOMY | 3 BpaxyBaHHAM
MOX/IMBOTO iHTErpauimnHoro epekTy, AKNN MmoxKe
6yTM No3nTUBHUM (NigBMLMTM BNACTMBOCTI be3
HacnigKkiB) abo HeratmgHum (ogHa 4m rpyna
B/IACTUMBOCTEM  MiABUWLMAUCL, a pewTa —
3MEHLWWUINCH).

Lpyra rpyna BnacTMBOCTEN — L Ti, IPU AKKX
NPUCYTHI pe3eps, gNA HMXR{‘ > 1.

L rpyna BnactmBocTel Uikaea, no-neple,
BU3HAYEHHAM CTPYKTYPHUX eNeMeHTiB, AKi Ha
AAHOMY eTani pPO3BUTKY TEXHIKM He MmatloTb
notpebu y AoonpautoBaHHAX, a no-gpyre —
NigBMLLEHOO YBaro A0 HUX, AK A0 HENpPsMUX
O3HAK MOXIUBMX AKICHMX 3MiH. Came TOoMmy,
BM3HAYMBLUM TaKi MOKA3HWKK, CNig NPOBECTU
aHanNi3 BiAHOCHO MPOrHO3iB PO3BUTKY i OLLIHKMK
4acoBOro pecypcy 36eperkeHHA pe3epsy.

Takuit aHanis moxke OyTU BUKOHAHWUIM Ha

OCHOBi  pO3pobaeHMX  MEeTOAiB  HAyKOoBO-
TEXHIYHOro NPOrHo3y.

3aranbHui piBeHb  migcuctemmn,  AKa
XapaKTepu3yeTbCA n NOKa3HUKaMK,

BU3HAYAETLCA iX CYMOIO.
3a3Ha4yeHa npoueaypa NPoBOANUTLCA ANA BCiX
NOKa3HUKIB, AK OAUHUYHMX, TaK | KOMMJEKCHUX,

i Ha NigcTaBi aHanNi3y pe3ynbTaTiB BU3HA4YatOTbCA
€/1eMEHTU CTPYKTYPU, AKi 3HMKYIOTb Ti piBEHDb Ta
HaABHMI pe3epB, a TAKOX 3arasibHUN piBeHb Mo
nigcuctemam. Y  gaHOMY  OOCAIOXEHHI, Yy
BiANOBIAHOCTI A0  i€papxiYHOi  CTPYKTypu
BEpPTONbLOTY i BiANOBIAHO CTPYKTYPOLO iEpapxii
NMOKA3HWKIB, TaKWMM aHanis BUKOHYETbCA ANA
OAMHWNYHUX Ha30BUX, MUTOMMUX i KOMMAEKCHUX
MOKa3HWKIB, Ha nigcTaBi Yoro 6ynm OTpMMaHI

iHTEerpanbHi  OUIHKM  pPIiBHA  3aXMLLEHOCTI
BEPTO/IbOTY.

Bpaxosytouu 6araTopiBHeBy iepapxito
BEPTO/bOTY, HEODOXiAHO OKPEMO 3YNUHUTUCH Ha
OuiHUi BNAMBY nigcMcTem  Ha  3arajbHi
XapaKTepPUCTUKM 06’ €EKTY.

Po3pobka nigcuctem  cynpoBOAKYETLCA

nparHeHHAM 3abe3neynTy HaMbiNbW MOXKAMBY
edEeKTUBHICTb 3aXUCTy BEPTO/IbOTY, AK CUCTEMMU,
HepiAKo HaBiTb Y 36UTOK onTUMiI3au,ii nigcnctem.
OnA  BWMKOHAHHA  TAKOrO  MPOEKTYBAHHA
HeobxigHWM  anapaT | iHbopmauia,  AKi
[03BOIAOTb OLUIHUTU BMNJINB 3MiHN MOKA3HUKIB
nigcMcTeM Ha 3arajbHUA TEXHIYHUI piBEHb Ta
e(dEeKTUBHICTb.

Y pasi, Konn 3aga4i BEPXHbOro Ta HUMKHbOIO
ieEpapxiyHOro piBHA BUPIWYOTbCA OKPEMO,
TakWM anapat i iHpopmauia MOXKyTb 6yTK
NPOAYKTOM BMpIlWIEHHA 33gadvi onTMMisauii
€/1eMeHTIB BEPTO/bOTY.

Came TOmy, MPUPOAHLOIO € BMMOra LWOAO
BUKOPUCTAHHA Ha HUKHbBOMY Ta BEPXHbOMY
PiBHAX NPW NPOEKTYBAHHI O4HAKOBMX MiAXo4iB i
MOKA3HMKIB, a TaKOX EAWHUX KpuTepiiB AnA

NOpiBHAHHA BapiaHTiB. Pasom 3 Tum, 3
YPaxXyBaHHAM BE/IMKOI  KiAbKOCTI  NPAMMX i
3BOPOTHMUX  3B’A3KIB  LbOro  HeAOoCTaTHbLO.

3BaXkalouu Ha Lo 06CTaBMHY, BBeAEHI 3aranbHi
NOKA3HMKM i HA NPOMIXKHUX IEPAPXIYHNX PIBHAX,
AKi NPY 3MiHi NOKA3HMKIB BEPXHBLOIO i HUXKHBOTO
piBHA MNOBWHHI iHPOpMyBaTK, Hacamnepes, Npo
noripweHHA BAaCTMBOCTEN NiACUCTEMM.

OKpim TOro, BaAXXNMBO BpPaAxoOBYyBaTU pPAL,
0cob61MBOCTEN, A0 AKUX Cif4 BiAHECTU:

- NPU NPOEKTYBaAHHi BEPTONLOTY MOXK/IMNBA
onTMmisauia nigacuctem, TO6TO BU3HAYEHHA
KpalmMX XapaKTepuUCTUK Yy BignosigHoOCTi 3
LiNbOBOO PYHKLED;

- He BCi migcMcTtemm CTBOPHOKOTLCA Pa3oM i
oA fAaHoro o6’ekty (3anosnueHi BMpobw,
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CKNa[0Bi YaCTMHM, KOMMIEKTYHOMI TOLLO).

Mepwa ocobnumsicTb BaXkAMBa, AK NocTynaT
CUCTEMOTEXHIKM NpOo Te, WO CUCTemMa, fAKa
CKNnageHa 3 ONTMMaNbHUX CUCTEM, He €
onTumanbHow. Tomy metogum onTumisauii, B
NPUHLMNI, MaloTb 06MeXKeHe 3aCToCyBaHHA AN
CKNAagHUX CUCTEM.

Opyra 3i 3ragaHux Buwe o0cobamBocTen,
obmeKye BTPy4YaHHA MPOEKTYBANIbHUKA Y 3MiHY
NoKasHWKiB. B Takomy BMNaaKy 4acto OyBae
OOCTaTHIM  NpuM  po3rnagi  anbTepPHATUBHUX
BapiaHTIiB NPAMO OLHUTM BNAMB NiACMCTEMM HA
XapaKTePUCTMKU BEPTO/IbOTY.

B uinomy, B ymoBax BigCyTHOCTI €OMHOro
nigxoay A0 OLUIHKM BapiaHTiB NpoekTiB abo
NOPiIBHAHHA 3aXULEHOCTI BEPTO/bOTY, B AKOCTI
KpuTtepiiB epekTUBHOCTI abo BMOOpY BapiaHTa
MOXYTb  OYyTM  MPUNAHATI  NOKa3HWKK, WO
BiL0OOpaXkaloTb TOYKY 30pY OCib, AKi NpuUiiMmaloTb
pilLEeHHA NO KOHKPETHIN niacuctemi abo 06’ekTy
B uinomy. Ls obcraBuHa — [O04aTKOBUMA
aprymeHT HeobxigHoOCTi pPoO3pobKM €aMHOro
nigxo4y A0 aHanisy BapiaHTiB i MOPIBHAHHA
3paskKiB, AKUM € iHCTPYMeHTOM 3abe3neyeHHs
CUCTEMHUX NPUHLMUNMIB, AK NPOEKTYBAHHSA, TaK i
3aXMLLLEHOCTI BEPTO/ILOTY.

3 ypaxyBaHHAM
3aXMLLEHICTb  BEpPTO/IbOTY
KpuTepii i nigkpuTepii.

[o ocHOBHMX KpuTepiis BigHecemo: 6olioBy
MBYYICTb; MaHEBPEHICTb; MOMITHICTb; 3acobu
3aXMCTY.

o 6oioBOI XKMBYYOCTI BigHOCATLCA NACUBHI
3acobu 3axXUCTY i € NigKPUTEPIAMM:

- HAMMeHLW ypasnnee gnA 3acobis yparkeHHn
pO3TalyBaHHA Ba)KAMBMX arperaTis i By3/iB Ha

BULLEHABEAEHOTO,
po3ginMmo  Ha

BEPTO/ILOTI, 3aXMCT iX MEHLW BaXAMBUMMU
enemeHTamu;

- 3aCTOCYBaHHA  BOMHECTIMKOI  MPOBOAKM
ynpaBaiHHA 3 PO3HECEHMMU MOCUJEHUMMU
TAramu;

- pe3epByBaHHA HaMbinbL Ba*KAUBUX
arperaTis i BYy3niB BEPTONbOTY, WO CMNPUAE
NPOAOBMKEHHIO BUKOHAHHA 3aBAaHHA npw
601M10BUX NOLIKOAKEHHSAX;

- BPOHIOBAHHS KabiHu eKinaxy i

HaMBaXNMBILLMX arperaris;

- 3aXMUCT NaNMBHMX bakiB Big BUOYXY i BUTOKIB
naavea;

- 3acobM cnaciHHA eKinaxy;

- CUCTEMM MOXKEXKOracCiHHA.

[0 maHeBpeHOCTi BigHOCATbLCA:

- MAaKCMMa/bHi NepeBaHTaXKeHHSA;

- MAaKCMMabHi WBUAKOCTI NONLOTY.

MoMmiTHicTb BKAtOYaE B cebe:

- MackyBanbHe (KamydnaxHe, gepopmytoye)
3abapB/ieHHss, Yy TOMY 4YuCAi 3 Manum
KoedilieHTOM BigA3epKaneHHA B ONTUYHOMY
Aiana3oHi eNeKTPOMArHiTHUX XBUAb;

- NOKPUTTA, AKI NOrNHAOTb €eNEeKTPOMarHiTHI

XBUANi 3acobiB BMABNEHHA | NPULINIOBAHHA
NPOTUBHMKA B iHppauepBOHOMY i
pagiogianasoHax;

- 3MEHLeHHA epeKkTUBHOI NOBEpPXHi
PO3CilOBaHHA €N1EeKTPOMArHiTHUX XBUb;

- 3MEHLeHHA TennoBoi NOMITHOCTI
BEPTONBOTY;

- 3MEHLeHHA AKYCTUYHOI NOMITHOCTI
BEPTO/NIBbOTY.

[0 3acobiB 3axUCTy BigHOCATbLCSA:

- cuctemm nonepeasKeHHs npo
€/1eKTPOMarHiTHe ONPOMIHIOBAHHA 3  BOKy
CynpoOTUBHMKA 3acobamum npuuintoBaHHA i
BUABJIEHHSA;

- cuctemm NOCTAHOBKM AKTMBHMX
pagionoKauinHux nepeLwkos 3acobam

BUABJIEHHA | NPULLIIFOBAHHA NPOTUBHUKA;

- CUCTEMM BiaBeAeHHA 3acobiB yparKeHHSs
NPOTUBHUKA;

- OiA  eNeKTPOMArHiTHoOro imnynbcy, WO
nopylye poboTy geToHaTopiB 3acobiB NOpasKu
NPOTUBHUKA;

- CUCTEMM aKTMBHOTO 3aXUCTY, LLLO BUABNAIOTb
i PYMHYIOTb 3acobu ypaxKeHHA CynpoTUBHMKA
npu ix NianboTi 40 BEPTONLOTY;

- MOCTAaHOBKA AMMOBMX i aepo30JbHUX
nepeLLKoa.

Mobyayemo iepapxito, MOYMHAKUM 3 METU
yepes OCHOBHI KpuTepii i fAKa 3aKiHYyeTbCA
nigkputepiamm  (puc. 4), i B pesynbTati

OTPMMAEMO 4 OCHOBHMX
nigKkpurtepiis.

Kputepiie i 20
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BaxXHIIEHICTh
BEPTONBOTY

l l

BoiioBa JKHBYUICTh ManeBpeHICTb

3acobn
3aXHCTY

IToMITHICTB

%
>

PosTamyBaHHsa BY3/IB 1 arperaris
PesepByBaHHA arperaris
EpoHoBaHHA
3axHCT DATHBHUX GaKiB
3aco6H cnaciHHA eKINaKy
3acofu moxKeKOraciHHA
MakcHMaNbHe MepeBaHT UKeHHA
MakcHMaILHA IBHIKICTH
MackyBaHHA

BorneracHa npopoJka i mMACHIeHHSA

TTornuHAK0Y1 DOKPHTTA

Tenmora MOMITHOCTI
AKyY CTHYHA IOMITHICTB
CHeT. BigBeeHHa 3V
TIocTAaHOBKA MePeNIKo T

EdexTHBHE MOKPHTTA
C'HCT. MOCTAHOBKH Iepel Ko

CHcreMa pyiHyBaHHA 3V

C'HCT. moNepeLKeHHS B HsABIeHHA
EneKTOMarHiTHHA IMITYJBC

PUCYHOK 4 — lepapxis 3aXMLLEHOCTI BEPTONbOTY 3 ypaXyBaHHAM BHECKY
NiACUCTEMM €KPAHHO-BUXIONHUX NPUCTPOIB

AK MM MOXemo nobaunmTn 3 PUCYHKY 4,

TEen/0BOI MOMITHOCTI 6e3nocepeiHbO BMN/MBAE

ypaxyBaHHA BHECKy NigCMCTEMM eKPaHHO-  Ha 3aXMULLEHICTb BEPTObOTY.
BUXNOMHMUX  MPUCTPOIB  4Yepe3  3HUMKEHHA
BucHoBKMU
3a pesynbTatamu [ocNiaKeHb, NobyaoBaHO iepapxild MOro 3axuLLEHOCTI, fKa

3anponoHOBaHa METOAMKA OLiHKM 3aXMLLLEHOCTI
BEPTONbOTY 3 YPaxXyBaHHAM BHECKY MiacucTtemm
€KPaHHO-BUXNOMHUX NPUCTPOIB cMcTemm
3aXUCTY, sIKa [03BOJISE BM3HAUUTU HaMbinbLu
cnabki BnacTuBOCTI migcucTemu, ouiHUTK i
3araflbHMn  piBeEHb, SKUIA XapaKTepU3YETbCA
Habopom MOKa3HMKIB i po3pobutn 3axoan ana
NigBMLLEHHA 3aXMLLEHOCTI BepTonboTy. Ha
NPUKAa4i BEpPTONbOTY, AK CKAa4HOI CUCTEMM,

CNUCOK BUKOPUCTaHUX AXKepen

MICTUTb 4 OCHOBHMX KpuTepii Ta 20 nigkpuTepiis.

BMKOpPUCTAHHA pe3ynbTaTiB AO0CAIAXeHb Ha
NPaKTULi, [03BOAUTbL BMABUTU  creundiky
npouecy QYHKUiIOHYBAaHHA MiACUCTEM CUCTEMM
3aXUCTY BEPTO/IbOTY Ta NPaBUIbHO OPraHisyBaTu
EKCNePUMEHT 3 METOH OTPMMAHHA HaginHoi
iHbopMaLii Npu MiHiManbHI BUTPaTi KOWTIB Nifg,
Yyac nposefeHHA BuNpobyBaHb HOBMX Ta
MOZAEPHI30BaHNX 3pa3KiB..

1.3axuct noBiTpAHMX 06'eKTiB Big4 paKeT 3
iHppayepBOHNM CaMOHaBeAeHHAM /
Kpasuyk I. C., Apxunos M. I, TypeHko C. M.,
LWrapHos B. 1. Kuis: TOB “BuaaBHuumin gim
“IHTepHayKa”, 2020. 295 c.

2. NeontbeB O. 6.  Mobynosa
MoZeni  NOKA3HMKIB  AKOCTI
apMIACbKOI  aBiauii npuM  BUPILLEHHI HUM
AEeCaHTHUX 3a4a4 / O. b. J/leoHTbEB,
tO. . Mupropoa, M. M. Momot // 36ipHuK
HaykoBux npaup OHAI 3CY. — 2007. — Ne 1 (6).
-C.14-21.

MaTemMaTUYHOoI
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O.bBb.KotoB // Xapkis. HaykoBuit xypHan.
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3(23) 2010. —c. 22-25.

4, bawuvHckni B.T.  MeToamKka onpeaeneHun
MHOPAKPaACHOrO  U3NydeHWa  gsuratesnen
JleTaTeNbHOro0 annapata npu  npoBeseHun
ucnbitaumit / B. . bawmHckui, 0. A. Kamak //
HayKoBO-NpaKTUYHUIA  KypHaA. |HTerpoBaHi
TexHosiorii Ta eHeprosbepeskeHHa. Nel. 2011.
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AHHOMayusn

Mpouecc UcnbITaHNM aBUALMOHHON TEXHUKU BOEHHOIO Ha3HaYeHUs, B TOM YNC/IE U BEPTOIETOB,
3aK/IOYAETCA B MOJYYEHUM NETHO-TEXHUUYECKUX XaPaKTEPUCTUK, XapPaKTEPU3YHOWMX AaHHbIN
obpasel, 1 CpaBHEHMA UX C XapPaKTEPUCTUKAMU, 3a4aHHbIMWN B TAKTUKO-TEXHUYECKOM 3aaHUM.
OgHMM M3 KAto4yeBbix TPeboBaHWUI K cucTemMe 3alpUTbl COBPEMEHHbIX BEPTONETOB SBAAETCA
CHU)KEHME WX TenJoBOM 3aMeTHOCTM, KOTOPOe YCMEewWHO peanu3yeTcd MnocpeacTBom
YCTAaHOB/IEHUA  3KPAHHO-BbLIX/IONHbLIX YCTPOMCTB. OCHOBHbIE XapPaKTEPUCTUKU  SKPAHHO-
BbIX/IOMHbIX YCTPOMCTB, COAEPMKAT LENbli CNEeKTP XapaKTepucTuK U ¢GaKTopoB, KOTopble He
TONIbKO TPEBYIOT KOMIMJIEKCHOro nogxoga B ougHke MX 3OGEeKTUBHOCTM, HO W MOCTOSAHHO
MEHAKTCS C Y4YEeTOM HOBbIX JOCTUXEHWN B yKa3aHHOM cdepe. [losTomy BOMpocChI
COBEPLUEHCTBOBAHNA METOAMUK OLEHKU NOACUCTEMbI SKPAHHO-BbIX/IOMHbIX YCTPOMCTB Ha 3Tane
WCNbITAaHUI BePTO/IeTa ABNAETCA BECbMA aKTya IbHbIM.

OugeHKa COOTBETCTBUA BepTOJieTa C YCTAHOBAEHHbIMU 3KPaHHO-BbIX/IOMHbIMKU YCTPOMCTBAMM
TpeboBaHMAM TaKTUKO-TEXHMUYECKOrO 3aJaHWs Ha 3Tane WcnbiTaHUW, HEBO3MOXHa 6e3
OoTAeNbHOW METOAMKM, UCMOJIb30BaHWE KOTOPOM MO3BOJIMT MOAYYMTb eAuHbIA noaxon npu
onpeaeneHnn 3dpGEKTUBHOCTM KOMMJIEKCA 3aLUUTbl HA NPEANPOEKTHbIX U PaHHUX MPOEKTHbIX
CTagmax paspaboTku (MmoaepHM3aLMM) CUCTEM 3aLLUTbLI BEPTONIETOB, @ TAKKe NPU UCMbITaHMAX
CUCTEM 3aLLUTbI MOAEPHU3UPOBAHHbIX M HOBbIX 06Pa3LL0B BEPTONETHOMN TEXHUKMU.
MNpobaemMHbIM BOMPOCOM OLLEHKWU 3alUMLLIEHHOCTU BEPTO/IETOB 33 CYET CHUMKEHWUSA TensIoBoM
3aMEeTHOCTU yAe/IeHO BHUMAHNE MHOTUX Hay4YHbIX UCCNefoBaHUiA U Ny6aMKaLUW, Kak B YKpauHe
TakK 1 3a pyberkom. Ho cyliecTsytolime noaxodpl B HEMNOHOW MEPE YUUTbIBAOT COBPEMEHHbIE
CMUCTEMbI  3alUMUTbl, TaKME KaK 3KPaAHHO-BbIX/IOMHbIE YCTPOMCTBA, OrPaHMUYMBAET UX
MCNONb30BaHME MNPU MNPOBEAEHUM WCMbITAHUA HOBbIX M MOAEPHU3NPOBaAHHbIX 06pa3LoB
BEPTONIETHON TEXHUKMW.

YunTbiBasg COBpPEMEHHOE pPa3BUTME TEXHWKM, BO3HWKAET JIOTMYHbLIA BOMPOC OLEHKMU
3aWMLLEHHOCTM BEPTOJIETOB C YY4ETOM B3HOCA MOACUCTEMbI 3KPAHHO-BbIX/IOMHbLIX YCTPOMCTB
CMCTEMbI 3aLLMTbl HA 3Tane UX UCNbITaHWUA.

B cTtaTbe NnpoBeAeH aHa/IM3 OCHOBHbIX COCTaB/AIOLLMNX, KOTOPbIE onpeaensatoT NopALoK Bblbopa
KpuTepueB OUEHKM 3OPEKTMBHOCTM KOMMJEKCA 3allMTbl BepToneTa C Yy4eToM BKNaAa
NOACUCTEMbI 3KPAHHO-BbIX/IOMHbLIX YCTPOMCTB. MMpoBeaeH aHaNN3 MepapXMYecKon CTPYKTYpbl
BepTo/eTa, NPeACcTaBAEHHOIro B BUAE C/IOKHOW TEXHUYECKOM CUCTEMbI, KOTOpasa COCTOMUT K3
3/1eMEHTOB, ONpeaenaAlLLNX ee cBolcTBa. MNpeanoKeHbl NyTU COBEPLLIEHCTBOBAHUA METOAMK
OLIEHKWN BKJlaZla 3KPaHHO-BbIX/IOMHbIX YCTPOWCTB B 06LIYIO0 CUCTEMY 3allMTbl BepTONeTa Mnpwu
NpoBeAeHUN UCMbITaHUNA.
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Mo pe3ynbTaTaM MCCeA0BaHUI NpeanoxeHa MeToAMKa OLEHKU 3alMLLEHHOCTM BepToieTa C
yyeTomM BK/aga MNOACUCTEMbl 3KPaHHO-BbIXNOMHbIX YCTPOMCTB CUCTEMbl 3allMTbl, KoTopas
no3BoAaseT onpeaenntb Hambonee cnabble CBOMCTBA NOACUCTEMBI, OLLEHUTb €e 0O M YPOBEHD,
KOTOpPbIA XapakTepusyetrca Habopom noKasatenei M paspabotatb mMepbl MO MOBbIWEHUIO
3alMLLEHHOCTM BepToNeTa.

Knrouesvbie ¢a1084a: BEPTONET, CUCTEMA; METOAMKA; UCTIbITAHUA; IKPAHHO-BbIX/IOMHOE YCTPOMCTBO.
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Abstract

The process of testing any military aircraft, including helicopters, is to obtain the parameters
(flight characteristics) that characterize this sample, and compare them with the parameters
specified in the request for proposal. One of the key requirements for the protection system of
modern helicopters is to reduce their thermal visibility, which is successfully implemented
through the installation of screen-exhaust devices. The main characteristics of screen-exhaust
devices contain a range of parameters and factors that not only require a comprehensive
approach to assessing their effectiveness, but also constantly changing in the light of new
developments in this area. Therefore, the question of improving the methods of assessment of
the subsystem of screen-exhaust devices at the stage of testing the helicopter is quite relevant.
Assessment of compliance of the helicopter with the installed screen-exhaust devices to the
requirements of the tactical and technical task, at the testing stage, is impossible without a
separate method, the use of which will provide a unified approach to determining the
effectiveness of protection at pre-design and early design stages of development
(modernization) also when testing protection systems of modernized and newest models of
helicopter equipment.

Many scientific researches and publications, both in Ukraine and abroad, have been paid
attention to the problem of assessing the security of helicopters by reducing thermal visibility.
But existing approaches do not fully take into account modern protection systems, such as
screen-exhaust devices, which limits their use in testing new and upgraded models of
helicopters.

Given the current development of technology, there is a logical question of assessing the security
of helicopters, taking into account the contribution of the subsystem of screen-exhaust devices
of the protection system at the stage of their testing.

The article analyzes the main components that determine the order of selection of criteria for
evaluating the effectiveness of the helicopter protection system, taking into account the
contribution of the subsystem of screen-exhaust devices. The analysis of the hierarchical
structure of the helicopter, presented in the form of a complex technical system, which consists
of elements that determine its properties. Ways to improve the methods of assessing the
contribution of screen-exhaust devices to the overall protection system of the helicopter during
the tests are proposed.

According to the research results, a method of helicopter security assessment is proposed taking
into account the contribution of the screen-exhaust device subsystem of the protection system,
which allows to determine the weakest properties of the subsystem, assess its overall level,
characterized by a set of indicators and develop measures to improve helicopter security.
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