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Beryn

IIpo edexTHBHICTE OYAb-SIKOrO KOMIUIEKCY 3BH-
YaiiHO CYZISAThH 3a pe3ysbTaTaMH HOro OOHOBOTrO 3acTo-
cyBaHHA. 3MiHa (opM Ta YMOB BeleHHS OOWOBHX i
BUMAara€ HOBUX METOAWK OLIHKH e(EeKTHBHOCTI KOM-
ieKciB. )i oliHKM OOHOBHUX MOXKIIUBOCTEH BEPTOIHO-
Ta TPU 3aCTOCYBaHHI OOHOBOr0 KOMILIEKTY pakeT HeoO-
XiJlHa KOMIUIEKCHA OIlIHKAa ¢(EKTHBHOCTI BEPTOJHOTA.
Tak y pasi omHOYacHOro OOHOBOIO 3aCTOCYBAHHS JCKi-
JIBKOX PaKeT IO Pi3HUX LUIAX B OJHOMY 3aXOji OLIHKa
€(EeKTUBHOCTI KOMILIEKCY YCKIIAIHIOETHCS 32 BiJICYTHO-
CTi IHTETPAJILHOTO KPUTEPiI0 e(PeKTUBHOCTI, KU OU B
TIOBHI# Mipi BpaXxoBYBaB ypa)KCHHsI €JIEMEHTIB TPYIOBOI
IiJTi B OTHOMY 3aXO[Ii.

Amnaui3 jmkepen. Jlo ocTaHHBOTO 4Yacy B OCHOBI
BUpILIIEHHS BCIX 3a/1a4, SIKi MOB’sI3aHi 3 OIL[IHKOI e(eK-
TUBHOCTI ypa)XeHHsI LJIeH, JeKHUTh OLIIHKA CepeHbOro
30uTKy M, sKkuil HaHeCEHMH IpYMOBiIH (IUIOLIMHHIN)
i1l B OMHIH aTari a0bo IMOBIPHICTh YPa)KEHHS OJMHOY-
Hol mimi Py, B Bunaaxy oxunokoi uiii [1]. B po6ori [2]
3IIHCHIOETHCS OIIHKA €EeKTUBHOCTI yaapHHUX OOHOBHX
aBiallifHIX KOMIUIEKCIB, OJJHAK, B METOJMKaX HE BPaxo-
BYIOTBCS TaKi MOKa3HHKU SIK PO3IONLT LIEH Ta LMK
CTPLIBOM KOMIUIEKCY, BiJl IKUX i1CTOTHO 3aJieXaTh 0OHO-
Bi MOYKJIMBOCTI BEPTOJILOTIB.

IMocranoBka 3aBganusi. MeTolo IaHOI CTaTTi €
pO3po0Ka METONUKH OLIHKK e(EeKTUBHOCTI MPOTHUTAH-
koBoro pakerHoro kommuiekcy (ITTPK) npu ypaxkensi
KUIBKOX €JIEMEHTIB Ha3eMHOI TPYIOBOI I (HAIpH-
KJIaJl, TAHKOBA POTa) Y OJHOMY 3aXOi.

Bukiaaka oCHOBHOro Martepiairy

B sxocti kpurepiro eeKTHBHOCTI, SIKH1ii OM B 3Ha-
YHil Mipi BpaXOByBaB BKa3aHi MOKa3HUKU €(eKTUBHOC-
Ti IPH OJJHOYACHOMY ITyCKY PaKeT, NPOIOHYEThCS KpH-
Tepiit OoioBoro norenmiany (BI1) [3], skuit npencras-
nsie co0oto BifHOUIEHHs 30uTKY (U ), SIKUif HAHOCHTBCS
MPOTUBHUKY 3a orepanito (0o#oBi [ii) 0 BIAaCHHUX
Brpart (I1) 3a meii nepion. BII BepTonbora ¥ 1O BimHO-

LIEHHIO 10 LIeH THITYy “TaHK” MoXke OyTH BH3HAYCHHI
3a (hopMyIoIO:

dpy -(1/—(1—Pi)“) \
Ns 'PBTP .kTul'[TpK /Turmo ) ’

ne P; =Py Py R -Kg -Pppyo — iMOBipHiCTH BUKO-

(D

X:

HaHHS BEPTOJILOTOM i-rO 3aBIaHHs; P; — iMOBipHICTB
ypaskeHHs 1IiJIi OJIHI€I0 pakeToro; R, — rapanTiiina imo-
BipHiCTh ypakeHHs 1iii; K, — koedimieHT onepaTHB-
HOI TOTOBHOCTI BEPTONIBOTA; Pyo — IMOBIPHICTE MOMO-
JIAHHS ~ BEPTOJIHOTOM  HPOTHIOBITPSIHOI  O0O0OPOHH
(ITITO) mpotuBHUKA; dy, — KoedillieHT po3moAiTy Iii-
neit; Py, — IMOBIpHICTD BUXOAY BEpTONbOTA Ha Hasze-
MHY 1iIb; N5 — OoioBUI HapsAm BepTONBOTIB; Py, —
IMOBIPHICTh BTPAaTH BEPTOJIOTA HAa MAapIIPyTi Ta Y

paiioHi1 1, TLIrITpK — ki crpinsou I[1TPK; THHHO -

LUK CTpiasou koMiniekcy T1I10.

PosrisineMo moka3HukU eeKTHBHOCTI: P — iMOBi-
PHICTh ypa)keHHs Ha3eMHO] il (TaHKa); m; — KiTbKiCTh
paker, sika Moxke OyTH 3aCTOCOBaHa y OAHOMY 3aXOZi 3
j-ro IITPK 3 temmom mycky (t,); Ny — HeoOXinHuii

001i0BHI Hapsl BEPTONBOTIB JUIsi BUKOHAHHS 3aBIaHHS
3 rapaHTiiiHoro iMoBipHicTI0 R =0,8 ; M| — cepenHiit
30UTOK, SIKMIi HAHOCHThCS LI IPH OJJHOMY yJapi aBia-
mifinum ITTPK.

KinbkicHI 3HaueHHs NepepaxOBaHUX MOKa3HHUKIB
e(peKTHUBHOCTI CYTTEBO 3aJI¢)KaTh HE TIJIBKU BiJ Xapak-
TEPUCTUK KOMIUIEKCIB ajieé TAaKOX BiJl XapaKTEPHCTHK
el Ta IX TAKTUKYU BelleHHS 0010. Y METOMUIl TPHIH-
ST HACTYIIHI TIPHUITYIIICHHSL:

— POBIOALUIEHHS eeMEHTIB 1T MO Lol paio-
Hy S mependavyaeTbcs PiBHOMIpHHH;

— OoifoBe 3acTocyBaHHS IPOTHTAHKOBUX KEpOBa-
nux paker (ITTKP) 3mificHroeThest B miama3oni Bucot H =
=40 — 80 M M Ta mBHaKoctred V = 130 — 170 xm/4 3 TeMm-
oM mycky T = 10 ¢, 6ottouii komruiekt [ITKP K = 8 mr;

— Y OJHOMY 3aXOfli MOXe OyTH 3aCTOCOBAHO Bij
4 no 8 IITPK;

— micns mycky [ITKP B npornieci 11 HaBeneHHs Be-
PTOJIT 3AIKCHIOE MaHEBPYBaHHS 3 KpeHOM 10 20° B Me-
’Kax KyTiB: 1o ropu3oHty =T 10°, 1o BepTHKali BBEpPX
15°, Bam3 20°;
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— 0Ooitose 3actocyBanus [ITKP moxe 31ificHIOBa-
TUCS SIK ITOOJAMHOKUM BEPTOJIHOTOM, TaK IMapor ado
JIAHKOIO BEPTOJIBOTIB;

— TIpylla BEpTOJIbOTIB KOHTPONIIOE PAalioOH pO3Mi-
poM S=axb;

— KUIBKICTH BEPTOJIBOTIB, SIKi HAHOCATH Yaap,
JIOCTATHSA I YPaKEHHS YCIX €JIEMEHTIB I[iJTi;

— 0oifoBe 3aCTOCYBaHHS 3IIHCHIOETHCS 110 MIJIAX 3
BiJIOMHUMH KOOPIMHATAMH;

— U1 ypaXeHHs Wil rmo tumy “A” JOCTaTHBO
BiyueHns [ITKP B miommny 11ii;

— B pa3i He YpakeHHs LI MepUIMM HOCTPiJIOM
3MIACHIOETHCS HACTYITHUM MTYCK.

BBeseMo mO3HaYeHHsA: ] — HOMep aBialliifHOTO
[TPK, sxuit nie B 3amanomy paiioni S, j=1..2;

Pl(J)(x, z), Pr(lj)(x,z) — IMOBIPHOCTI ypa)KEHHs eleMe-
HTIB [T 3 KOOpJMHATAMU X, Z BiJIIOBIJHO OJHIEIO Ta
n IITKP, sxi myckarotecs 3 j-ro IITPK; tzj — cymap-

Huid yac Bix MomeHty nycky I[ITKP mo momenty ypa-

JKeHHS 1T, m ; — cepeans kutbkicte [ITKP, sxi mo-

i
KyTb OytH 3acrocoBadi 3 j-ro [ITPK 3 temmnom mycky
T,, OOUHUCIIOETHCA 32 (POPMYIIOLO:

;| =1+(th /t): ©)

Pr(lj) — CepeHi MO IUIOIII IMOBIPHOCTI YPa)KEHHS IIJICH,
sIKi 3HaxozsAThes B paiioni S, n IITKP 3acrocoBanux 3
j-ro IITPK; Mg) — cepeaHi (1o ot S ) MaTeMaTU4Hi
OYiKyBaHHSI KUIBKOCTI ypakeHHX IJIeH N pakeTamu,
siki 3actocoBaHi 3 j-ro [ITPK; P](j)(x, z), Prgj)(x,z) -
IMOBIpHOCTI ypaKeHHs Iiiyieil (Ma€ KOOpPIUHATH X,Z )
IpH Imyckax 3 nBox Haommwkuux [ITPK (B pasi Bigcyr-
HOCTI PO3IOUTY IiJIeH Mi>K BEPTOIbOTAMH) BiJIIIOBIIHO
IO OJIHIl Ta N pPaKeT 3 KOKHOTO KOMIUIEKCY; Pr(lj) — ce-
pEeIHi o IOl IMOBIPHOCTI ypaXKeHHsI Lijel MpH Imyc-
Kax 3 1aBox Hanommwkuux [ITPK mo n paker 3 KO)XHOTO
KOMILIEKCY; ng)(x,z) — MaTeMaTH4Hi CIIOMiBaHHS Ki-
JIBKOCTI ypaKeHHX IiJIeli TP ITycKax 3 JABOX HaHOIMK-
gux IITPK mo n paxker 3 xoxHoro; M gj) — cepeaHi

(mo miromi S) MaTeMaTUYHI CIIOMIBaHHSA KIIBKOCTI
ypaKeHUX MiJed Npu IycKax 3 JBOX HaHOIMKYMX
I[ITPK o n paker 3 KOKHOTO.

Ipu crpinb6i n pakeramu 3 oxHoro ITTKP (] = 1)

IMOBIPHICTh Ypa)KeHHSI IiJIi BU3HAYUMO 32 (hOpMyJIaMu:

P)=1-(-pc2)]: @
pl) % [P, z)ndz, 4
S

a mpu crpus0i 3 nBox INTPK (] = 1,2) 0 N paker 3

KO)KHOTO BU3HAYUMO 3a (hOopMyJIaMu:

Prgj)(x, Z) =1- (1 - Pl(j)(x, Z)) ' (1 - P(j)(x, Z))

1

n

; (5)

P&J) = gjsJ‘Pglj)(x,z)dxdz . (6)
B piBusansx (3), (5) iMOBipHICTH Pl(j)(x,z) 00un-

CITFOIOTHCS 32 METOIUKOIO, sIka BUKJIaJeHa B poOoTi [3].
IMOBIpHICTh BUXOIY BEPTOJNIHOTa HA Ha3eMHY IiIb
Py BU3HAYMMO 32 HACTYITHOIO ()OPMYJIOIO:

/
PBHLI = Z Ppu (Li )AP(Li )’ (7
i=1

Jie | —KUTBKICTh AUISHOK, Ha SIKY PO3IOAUICHHH HTepBas
JanbHOCTI; Pgy (Li) — cepelHs BENMYHHA iIMOBIPHOCTI
OMMMKHLOTO HABEIEHHS Ha 1-H JUISHIL; AP(Li ) — TIPUPICT
(YHKIT pO3MOUTY AATBHOCTI BUSIBIICHHSI HA i-1 JIUTSHIIL.

B mpomieci ciifkyBaHHS 3a I[JUTIO BEPTONIT 3HAY-
HUI Yac 3HAXOAUTKCS y 30HI mii 3acobiB III10, po3mi-
IIEHUX Ha TaHKax Ta iHmmXx 3aco0iB [1I10, skuit xapak-
TEPU3YETHCS YACOM BUSIBJICHHS (tg) Ta YaCOM HaBECHHS
I[TKP (ty). Tomi rapaHTiiiHa IMOBIPHICTH Ypa)KEHHS
i [ITPK (j = 1) BH3HAYA€ETHCS 32 (HOPMYIIOKO:

i) = J J)p.

RO =ppp)(D)+(1-P PP, (8)
ne Pg — iMOBIpHICTH BUSBICHHS IIJTi 3a JIOIOMOTOKO
ICHYIOUOi NPHIIIEHOI CUCTEMH; Pgﬂ)(D) — IMOBIpHICTb
ypakennst uim IITKP, sika 3acTOCOBYETBCS 3 OIHOTO
IITPK Ta BUKOHYIOYOrO CITiIKyBaHHS 32 IJUTIO B MEXKax

manmeHocti D: D, <D<D,..; Pyno — iMosip-

min
HIiCTb He ypaxkeHHs BepTonboTa [1T10 npoTuBHHKA.

ImoBipHicTh BusBIEeHHS Pp 1111 32 1omomMororo ic-
HYIOYOI MPHIIITHHOI CHCTEMH BU3HAYMMO 3a (hOPMYIIOL0,
sika onucana B [4]:

Py (h)=Py(1-exp-2)), ©
ne P, — IMOBIpHICTb BUSIBJICHHS IPH iJICJIbHUX YMOBaX
1 Oe3KiHEUHIl eKCIO3UIIT CUCTEMU (‘t - oo); A — mapa-
METp BUSIBICHHS 00°€KTa, sIKHil TOpiBHIOE A = T/aty (T
— IIOTOYHUI Yac; a — Koe(ilieHT), SKUH BU3HAYAE OTIISI/T
IpocTopy npeaMmeTiB cuctemoro (a <1,0); Tt — machop-

THHUI Yac BUSIBIIEHHS 00’€KTy cucTeMoro. B ymoBax aii
OINITHMYHUX IIEPEIIKO IMOBIPHICTh BHSBIICHHS LI BH-
3HAYAETHCSA HA OCHOBI BUpa3y [5]

T

PN =P | 1-exp @

, (10)
ne inpexcoM “I1” mo3Hauena mepemkona; m; — koedi-

LIE€HT 3HWKCHHS IMOBIPHICTh BHSBIICHHS 00’€KTY CHC-
TEMOIO TIPH [Tii OPraHi30BaHOI MEPEIIKON, SIKH OIKca-
HUi B [S5]. 3 npuBeneHoi METOOUKH CIIYye, 10 IMOBIip-
HICTh BHSBJICHHSA 00’€KTa B YMOBaxX ONTHYHHUX Iepe-

LITKOJT Pgl) Opy 3Ha4yeHHI KoedilieHy my =6 Ta
i (Im) _
T=5c¢ gopinioe Py =0,26.
IMOBIpHICTE HE ypa)KeHHS BEpPTOJIHOTA 3aco0aMu

110 }_)1'[1'[0 y BHIAJKy HEOPraHi30BaHOI'O Ta OpraHi3o-

BaHOTO PO3MOLTY LiJCH BU3HAYMMO 3a (hopMyIamu:
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K
_upt
= N, In(1-P! = N
Prmo =¢ ( "); Pomo=¢ ™ . (11)

ze Py, — IMOBIHICTb ypaXKCHHs BEPTOIbOTA OLHUM
y3arajabHeHMM noctpinom kommiekcy IT10; N, — xi-
JBKICTh aTaKyemMuX mined; K — cepemHs KilnbKicTh

y3araJbHEHUX TOCTPITIB, SKi 3/IHCHIOE €IEMEHT ITiTi.
MaTteMaTuuHe CHOJIBaHHS KIJBKOCTI Ypa)KeHUX
€JIEMEHTIB LTI OJJHUM (] = 1) KOMIIJIEKCOM

M) éjsj(aj P, 2axdz  (12)

JIBOMa KOMILJICKCAaMU (j = 1,2) 3 0OMEKEHHAM 00CTpiTy
onuiel 1 Tiel x it
Mgf) = gﬂ‘Mg{)(x, z)dxdz, (13)
S

Mglj)(x, z) = (ﬁz —-m, )Pr(ll)(x, z)+ (K -m, )Pr(lj)(x, z) . (14)
Sxmio mo omHii i Oyno 3acrocopano IITKP ox-
HouacHo 3 aBox IITPK (] = 1,2), TO MaTeéMaTU4HE CIIO-

NiBaHHS KUTBKOCTI PaKeT BU3HAYUMO 32 (HOPMYIIOF0:
MOeK) = (- PO M) 4k PﬁJ))-de, (15)
xe dp, — KoeiLi€eHT PO3NOALTY LisCH, de € [0;1] 1 s
BHUIIAJIKY, KOJIM PO3MOJLNI LiJIeH 3/1iHCHIOEThCS, de =1,
B IHIIOMY BHUNAJKY de = 0,7. IMoBipHicTb BTpaTu

BEPTONBOTA Ha MapUIPyTi Ta B palioHi wijel mpencra-
BUMO SIK IMOBIpHICTh ypaxkeHHsI B oosacti C
PBTp = PBTp (C)’ (16)
ne C=A+B; A — Brparu Bix 3aco6iB III10; B — Brpa-
TH BiJ| IHIUBiIyalbHUX 3aC00IB 3aXHCTY TaHKa Ta 3aco-
6u I1I10, sKi NPUKPUBAIOTH IUTH
P(A+B)="P(A)+P(B)-P(A-B),
ne A, B —wuesanexni momii.
Ha ocHOBI mpencraBieHOi METOAMKH OTPUMaHO
3aJIC)KHOCTI CKOPOCTPUIBHOCTI Ta MAaTeMaTHYHOTO CIIO-
niBanus (MC) kijbKOCTI ypakeHuX wineit (puc. 1, 2).

(17)

M cayowwd ITPK; | | A
. 2-yn0CKOHAIEHUN 2 1
. IITPK. | _/m
) j;/i/
2
0

2 3

1 4 n

Puc. 1. 3anexnicts MC ypaxeHux 1ineit
Bin kinbkocri myckiB IITKP

3 aHami3y puc. 1, 2 MO)XKHaA 3pOOMTH BUCHOBOK, IIIO
3a PaxyHOK IMOOYIOBH JBOKAHAIBHOI CHCTEMU IIPHIIi-
JIIOBaHHS Ta HaBCICHHs 3a0€3MeUyeThCS ONTHUMI3allis
BHUKOPUCTAaHHSA OOHOBOTO IOTCHINIATy BEPTOJILOTA Ta
30ibIIyeThCs ckopocTpinbHicTh IITTPK Ha 60%, a Ma-

tematuuHe ouikyBaHHs (MC) ypaxenux mineit va 30%.
OTpuMaHi pe3yiabTaTH MiATBEPIKYIOTh €()EKTHBHICTH
CHCTEMH Ta 3alPONIOHOBAHUH CITOCIO YIOCKOHAIEHHS
crpykrypu [ITPK, sixa cnpomrye ymoBu 6oiioBoro 3a-
CTOCYBaHHSI.

TakuM 4MHOM, TIpe/ICTaBI€Ha METOINKA A€ 3MOTY
BU3HauuTH OoioBuil motenmian [ITPK 3a pesyiapratamu
Hioro 0OHOBOTO 3aCTOCYBaHHSL.

N3 \ \
| 1-3 ypaxyBanmam PI[; | 1

° T 2- 6es ypaxyBanHs PLI. /

4

z / / ’

0 : ; T
0 10 20 30 40 50

t.c

Puc. 2. 3anexHicTb CKOPOCTPIIBHOCTI
myckiB ITTPK Bix nukity crpinsou

BucHoBxku

Mero/MKa 103BOJISE MTOPIBHATH OOHOBI MOXKIJINBO-
cri IITPK, OLIHMTH HACKIJILKHM 3MIHIOETLCS OOMOBHIt
MOTEHI[iaJl BEPTOJBbOTY IIPU BpaxyBaHHI IOKa3HHKIB
e(peKTHUBHOCTI (CKOPOCTPUILHOCTI KOMIUIEKCY, PO3MOIi-
JIy IiJIeH), BUSBUTH HAHOLIBII parlioHaJbHI MUIAXH ITi]I-
BHIIICHHS ©()EKTUBHOCTI OOMOBOr0 3aCTOCYBaHHS Bep-
TOJHOTA NPH MTyCKaX PaKeT.

3a J0MoMOror0 HaJIJaHOT METOJIMKH MOYKHA OL[IHUTH
3MiHy OOHOBHX MOXKJIMBOCTEH 32 paXyHOK MOJepHi3arii
aBialliifHOT TeXHIKK a00 BBOJY B HOr0 CKJIaa YIOCKOHA-
neHux cucreM. [Ipu npoMy MeToaMKa IO3BOISIE OTPH-
MaTH He TiJIbKH HOBUH piBEHb OOHOBUX MOXIJIMBOCTEH, a
TaKOXX HaJaTH PEKOMEHIAIIT M0 HeOOX1THOMY Tepepo3-
MOJTTY CHJI Ta 3aCO0IB MPH IJIaHYBaHHI OOHOBUX Iili.
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