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CydvacHi peakTHBHI cucTeMH 3aimoBoro Boruio (PC3B) nepebyBaroTh Ha 030pO€EHHI 6araTboX KpaiH CBITY i
€ e(peKTHBHUM 3aCO00M ypaKeHHS PO30CEPEUKEHNX Ha IUIOLI TPYMOBHX Liiel. Y Hpoueci CTBOPEHHS Ta MOJep-
Hizauii PC3B BuHuKaOTh 337adi OLiHIOBaHHS €(EKTUBHOCTI 1X 3aCTOCYBaHHS 3 METOI BHOOPY ONTUMAIIBHOIO
BapianTy. [lmst PC3B OCHOBHUM IOKAa3HHKOM e(eKTHBHOCTI ypa)keHHs IUIONIMHHUX Ifiiell € BiAHOCHA ILIONIa
ypakeHHst 1ini. Llei moka3HUK 3aJIeKUTh Bifl IUIOLII ypa)XKeHHsI caMOi CHCTEMH 3aJIIIOBOTO BOTHIO (CTYIEHs 30HT-
KY, 1110 3aBJIAETHCS LI IMiJT Yac 3aiy).

V crarTi 3amponoOHOBaHO BIAHOCHHI KPHUTEpIiH, KUl 103BOJISE OLIHUTH 1 ONTHMI3yBaTH IUIOILY YPaKCHHS
sanmy. Kpurepiil oB's3ye IIIomy ypaxkeHHs 3ajIly i HeypaKeHy IUIOLLY 110 BiJHOIICHHIO /10 MAKCHMAJIBHOI ILI0-
Ii YPa)KCHHS 1 VIO HAKPUTTA. B SIKOCTI MJIOII HAKPUTTS PO3IIIAAAETHCS IUIOIIA OXOIUIIOI0YOro OIYKJIOro Gara-
TOKYTHHUKA JUISL BCIX TOYOK NajiHHS peakTuBHHX cHapsaiB (PC) mix gac 3ammy. ITokazaHo, mo obnacts 3MiHK
3anpOIIOHOBAHOTO KPUTEPIIO mpencraese inrepsai [0, 1].

I3 3acTocyBaHHSAM 3alPONOHOBAHOTO KPHUTEPit0 st 4 To4oK mazinHsa PC 3 IUIOLICI0 YpakeHHS Y BHUIJISII
KOJIa, JIOCITIKEHO JBi 6a30Bi CTPYKTYpHU: poMO (ABOX MPABHJIBHUX TPHUKYTHHKIB) i KBaapaT. i HUX BU3HAUEHO
ONTHMAJIBHI BiZICTaHi JuIs TOYOK mamiHHsg PC, siki 103BOJISIOTE OTPUMATH MaKCHUMAJIbHUN piBeHb ypaxkeHHs. [1o-
Ka3aHo, I[0 OTPUMAHE ONTUMAJbHE PO3TAlIyBaHHS TOYOK maiaiHHi PC 103BOJISE JOBECTH CTYHiHb 30MTKY IS
CTPYKTYpH KBajpara J0 OiIbII ONTHMAIbHOI CXeMH poMmba (sBIslE COOOK0 YaCTHHY I€KCaroHajJbHOI CTPYKTYpH,
HaiOLIbII e(heKTHBHOI 3 TOUKHM 30Dy 3amaui nakyBauus). s 3anmy 16 PC otpumaHo, 110 3 TOYKH 30py 3alporo-
HOBAHOT'O KPHUTEPIil0 iCHy€e ONTHMAaJbHE CIiBBITHOIICHHS ILIowi (pazniycy) ypaxernHs PC i mapameTpiB TeXHIYHO-
ro poscioBaHHsA. MakcHMaibHE 3HA4YCHHS KPHTEpII0 I 3ailIa 3 ypaxyBaHHSAM TEXHIYHOIO PO3CIIOBAHHS HE
nepesuutye piBas 0,33 1 BOHO 3HAYHO MEHIIE 32 Ty BEJIMYUHY, SKY MOKIMBO OTPHUMATH [UIsS ONTHMAIIBHUX CTPYK-
Typ (poMm0 i kBazpar).

TToka3aHO MOXKJIMBOCTI BHKOPHCTAHHs KPUTEpilO JUlsi BUOOPY onTUMaibHHX TO4OK maminas PC 3 ypaxy-
BaHHSM PI3HHUX TUIOBHUX LiJIeH B CKJIai IPyMOBOI LM Ta BiAMIHHUX Bi KOJa KOHMITypaliil IOl ypaXKeHHs JJIst
okpemoro PC.

Knrouosi crhosa: peakmusna cucmema 3ajlno06020 602HIO, €¢€Kmu8H[Cmb, niowia ypastCenHs 3ainy, niowa
Hakpummsi.

Up-to-date multiple launch rocket systems (MLRSs) are adopted by many countries of the world, and they
are an effective weapon against dispersed multiple targets. Developing and upgrading MLRSs calls for estimating
their efficiency with the aim to select an optimum alternative. For an MLRS, the basic measure of area target
destruction efficiency is the relative damage area. This measure depends on the damage area of the MLRS itself
(extent of damage by one salvo).

The paper suggests a relative criterion that allow one to estimate and optimize the salvo damage area. The crite-
rion is based on the ratio of the salvo damage area to the maximum damage area and that of the undamaged area to the
coverage area. The coverage area is defined as the area of the enveloping convex polygon for all points of missile
impact in a salvo. It is shown that the domain of variation of the suggested criterion is the interval [0, 1].

Using the suggested criterion for 4 points of missile impact with a circular damage area, two basic struc-
tures are studied: a rhomb (two regular triangles) and a square. For them, optimum distances between the missile
impact points that maximize the destruction level are determined. It is shown that the obtained optimum ar-
rangement of missile impact points allows one to bring the extent of damage for the square structure to the more
optimum rhomb layout (represents a part of the hexagonal structure, which is the most efficient from the stand-
point of the packing problem). For a 16-missile salvo, it is shown that from the standpoint of the suggested crite-
rion there exists an optimum relation between the missile damage area (radius) and the technical scattering pa-
rameters. The maximum value of the criterion for a missile salvo with account for the technical spread does not
exceed 0.33 and is much lower than the value that can be obtained for the optimum structures (rhomb and
square).

The paper shows possibilities of using the criterion in deciding on optimum missile impact points with ac-
count for various typical targets within a multiple target and missile damage area configurations other than a
circle.

Keywords: multiple launch rocket system, efficiency, salvo damage area, coverage area.
Beryn. PeaktuBHa cucrema 3aimoBoro Boraio (PC3B) — onun 3 nocuth edek-
THUBHHX 3aC001B BOIHEBOT'O YpaXCHHA CYIPpOTHBHHKA. Taki cuctemMu Hepe6yBaIOTB
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Ha 030pO€HHI 0aratboX CydacHUX apMmiii cBiTy. BOHHM MO3BOJISAIOTH BUPIIIYBaTH
ITUPOKHUH CIEKTp OOHOBHX TAKTUYHHX 1 OIEPATUBHO-TAKTUYHHX 3aBIaHb 1 BHKO-
PHUCTOBYIOTHCS /ISl HAHECEHHST BOTHEBUX YIapiB I10 JKHUBIM CHITi, TEXHIIll, BOTHEBUX
3ac00ax CympOTHBHHKA, KOMaHIHUM IMyHKTaM Tomno. PC3B sBisroTs coboro Oara-
TOCTBOJIbHI YCTAHOBKH, 10 33 KOPOTKHH 4ac 3a0€3MeuyroTh 3alycK [0 CYyIpOTUB-
HUKOBI Bix 4 10 50 peaktuBHUX cHapsaiB (PC). bararozapsaaicts PC3B Bu3nauae
iX BUCOKY BOTHEBY NMPOIYKTHBHICTH 1 MOKIIUBICTh OJHOYACHOTO YPaKeHHS ITiIei
Ha 3HAYHUX IDIomlax. BmacHe ocHoBHe 3aBmanHs cydacHux PC3B — Goportbba 3
po3ocepemKeHIME OOMOBUMH ITiAPO3/IiIaMH CYTIPOTHBHHUKA.

YV mporeci po3podku i MmomepHizamii PC3B 3a3Buvail BUHUKAIOTh MTATAHHS
OIIIHIOBaHHS €(EeKTUBHOCTI 1X 3aCTOCYBaHHS il TMOPIBHSIHHS Pi3HUX MOIU(IKAIIiH.
Hampuknan, 3apa3 3miicCHIOETBCS MojepHizamis HasBHUX PC3B 3 HekepoBaHHMH
PC mnmssxoM BHKOpWCTaHHS OUTBIN JOCKOHAIMX TBEPAUX TAUB 1 BUOYXOBUX pe-
qOBUH 001OBOI YacTHHH. lle mpWBOIWTH M0 30UTBIICHHS MadbHOCTI CTPITEOW I
iomli ypaxkenus okpemoro PC. IIpote 3i 30inbIIeHHsIM TadbHOCTI CTPUTHOH 3pOC-
Ta€ TeXHIYHE PO3CIIOBaHHA, 1 K HACNIIOK, HEOOXiTHO OIIHUTH €(DEeKTHBHICTH MO-
JIEPHI30BaHOTO BapiaHTa y MOPiBHAHHI 3 0a30BUM. OCTaHHIM 9acoM /ISl 3HIKEHHS
BIUTMBY TEXHIYHOTO PO3CIIOBaHHS Ha €(EKTHBHICTh ypakKeHHs IIiJIell HEKepOBaHi
PC o0nanHyroTh cCCTEMaMy KepyBaHHs. BiIMOBiTHO A0 BOTO MOXKE PO3TISAATH-
Ccsl 3a7]a4a ONTHUMAIBHOTO PO3IMOAUTY TOUOK TaninHsa PC 3 MeToro HaHeceHHs I
MaKCHMaJbHOTO 30UTKY.

B okpemux Bumagkax Ans OIiHIOBaHHS e(deKTHBHOCTI 3acTocyBanHs PC3B
PO3IIISIAIOTHCS KOHKPETHI TPYIOBI i (1uB., Hanpukia, [1]), ki ckiagaTbes 3
OKPEeMHUX TUIIOBHX O0'€KTiB/eIeMEeHTIB (KWBa CHWJa, TEXHiKa, BOTHEBI CUCTEMHU TO-
o). Buxoxsiun 3 xapakTepuCTUK OKpeMHX O0'€KTiB Ta X pO3TalIyBaHHS Ha IIJIO-
IIVHI i, BU3HAYAIOTHCS CTYIIHb iX ypaXeHHS M CTYIiHb Ypa)KeHHS M B ILJI0-
My. B sAKoCTi MOKa3HWKa €(QEeKTUBHOCTI BHKOPHUCTOBYETHCS CEPENHS KiIBKICTh
ypakeHUX 00'€KTiB a00 WMOBIPHICTH ypaXX€HHsI IIiJIi, SK IMOBIPHICTh YypaK€HHS
MEeBHUX KOMOiHamii 00'exTiB (KOMOiHAIIiH, 10 BpakaroThcs). CKIAIHICTh MU 3a-
CTOCYBaHHI TaKOTO IIXOAY IO OI[iHIOBAaHHS €()EeKTHBHOCTI MOJATAE Y TOMY, IO
HEOOXiIHO 3aJaTh PO3TAllyBaHHS OKpEeMHX OO'€KTIB Ha IUIONIMHI [Tl Ta
KOMOiHaIli#, mo BpaxaroThcs. [Ipu 1ipoMy 3a3HauYeHHid BHIE KPUTEPil edeKTHB-
HOCTI BUSIBJISIETHCS Iy’K€ YyTJIMBUM 10 IXHBOI 3MiHH.

VY OinbIIocTi BUMAAKIB €(EeKTUBHICTh YpaXKEHHS IUIONIMHHHUX IIJIeH i Jac
3aJIly OIIHIOETHCA SIK MaTeMAaTUYHE OYiKyBaHHS (CepelHE) BITHOCHOI ypa)KeHOi
roomdi i [2]. BoHa 3a1euTh BiJy TOUHOCTI HAHECEHHS YAAapy W TEXHIYHOTO PO3-
citoBannsa PC. Po3ciroBaHHs BU3Ha4a€ IUIOULY YpaKeHHs 3ajIly, TOOTO Ty CTyMiHb
30UTKY, SIKy MOXYTh 3aBIaTu y cykynHocTi Bci PC. Biache, mioma ypaxxeHHs [U1s
3aly € O/IHi€I0 3 OCHOBHUX Xapakrepuctuk PC3B. baxkano, mo0 ms BenndnHa
Oyna SKHalO1IBIIOF0.

OcHoBHA yacTuHA. BpaxoByloun BHIEcKa3aHe, TOOYAyeEMO KpUTEPiH, K
XapaxkTepu3yBaTHUME IOy ypaxeHHs mif yac 3anmy PC. Ilpunyctumo, mo mis
MEBHOTO THITYy €JIeMEHTapHUX Iisieil (00'eKTiB rpymnoBoi 1ijii) BiJoMuUil pajaiyc Kojia
ypaxkeHHst onHoro PC, To0TO KoJa, py BIy4aHHI B MEXI1 SKOTO PO3IIISTHYTa IiJb
YPaKaEThCA(3HUILLYETHCS) 3 IMOBIPHICTIO OMM3BKOIO 10 oxuHMLI. B mponeci mooy-
JIOBU KpuTepito Oynemo BumaraTd, mo0 mioma ypaxenns saumny PC (3 N PC,
PO3TaIIOBaHUX Ha OJHIN MyCKOBiH ycTaHOBLi) Oyla MakCHMalbHOIO. 3pO3yMijo,
oo Taka Iuoma Oyae He OUMBIIOI 3a CyMapHy IUtomly ypaxkeHHs Bcix PC
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S;?,ax =N-S; (me S1 — mnoma, sxy Bpaxkae onud PC). IlepetunanHs miomnn ypa-

xeHHs1 okpemux PC 3menmye 3a3Haueny BenuuuHy. Ha pucynky 1 mioma ypa-
JKEHHs — 1Ie cyMapHa 3agap0oBaHa yacTuHa, yTBopeHa Bcima PC.

HAMPsIMOK

Hampsmox

O MYCKY

O O
I

O

Puc. 1 — ®opmyBanHs obmacti ypaskeHHs nipu 3auti PC

VY Toit ke "ac HeoOXimHO, MO0 HeypakeHa muroma mix dac 3ammy PC Oyma
MiHIMaTbHOIO. {7151 MMOSICHEHHS TOHATTS HEYpPaKeHOI IUIOMNIi JOJAATKOBO BBEIEMO
MOHATTA TUIONI HakpwutTs. Ilif Turtomero HaKpuTTS OyIAeMO PO3YMITH 3aMKHEHY
00macTh, sika SBISE COOOI0 OMYKIHA 0araTOKyTHHK i3 3a0KPYTJICHHIMH BEPIIHHA-
MU, SIK TIOKa3aHO Ha PUCYHKY 2. BiH € momiOHuUM 70 OmyKIIoro 6araToKyTHHKA, 110

€ OXOITIOIOYMM JUTSl LICHTPIB Kill ypakeHHs, i OTPUMAaHUI 3 ypaxyBaHHIM pajiyca
ypakenns (R).

Komno ypaxenns ognoro PC

)L)PJ Oxomumorounii 6ara-
O TOKYTHHK
Merka Mo HaKPUTTS

Puc. 2 — ®opmyBanHs miomii HaKpuTTs 3aimy PC

)
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TakuMm YMHOM, IUIOIIA HEypa)keHHS — 1€ YaCTHHA IUIOMII HAKPHUTTS 1103a KO-
JIaMU ypasKeHHSI.

3 ypaxyBaHHSIM BHCYHYTHX BHMOT, KpHutepiil edhexruBHOCTI 11 3ammy PC 3a-
MUIIEMO Y TaKHuil crrocio

— S)’p _ SHOP , (1)
max
Syp SHaKp

max
ne S,, — mioma ypaxerust N PC (3 ypaxyBaHHSM NMEPETHHAHB); O yp — MaKcu-

MaibHa TUioma ypakenns (Sp” =N -§; = NzR?, R — paziyc ypaKeHHs OZHOTO

PC); Suup — TIIOIA HAKPUTTS; Sy — HEYpaXKeHa IUIomma (IUIoMIa «IIOPOXKHEW» Y
MeKax IUIOMII HAKPUTTS).

OCKINBKH Sp0p = Suaxp — Syp, BUPaA3 i KpuTepito (1) Moxke OyTH mepenucaHo
HACTYITHUM YHHOM:

S S -S S S
R @
Syp SHaKp Syp SH(le
a00 y BUTIIAII
K=s, |+ + 1 |1 (3)

w WJF S

yp HaKp

3a BijjoMux i He3MiHHUX KiibkocTsax PC i mimomii ypaxkeHHs okpemoro PC,
TUTOII HAKPUTTS H ypaskeHHs MiJ yac 3ally 3ajekaTh Bil XapaKTepUCTHK TEXHiu-
HOTO po3citoBaHHS. B sikocTi ocTaHHIX OyeMO BUKOPHUCTOBYBATH CepellHi KBaapa-
THUYHI BIIXWIEHHS (0%, O7) Y HaNpsIMKy MYCKy 1 O1YHOMY/IIOTIEPEYHOMY HAIPSIM-
Kax BiAmoBigHo. [Ipu 3MEHIIICHHI TEXHIYHOTO po3citoBaHHs (ox, oz — 0), yci 1IeH-
TPH KiJl ypaskeHHs IParHyTh 3iUTHCH B OJHY TOYKY, BiAMOBIIHO TUIONI ypasKeHHS
1 HAKPUTTS BUPOJKYIOTHCS B OJIMHUYHE KOJIO ypaKeHHA. Takum yuHOM, S,p — Sy,

. 1
Suap = S1, 3BinKHM BUIIIHBae K — W (mst Benmukoro N maemo K=0).

3 iHmoro 00Ky, MpH 3pOCTaHHI TEXHIYHOTO po3citoBaHHs s 3anmny PC (o,
max
07 —> ), OTPUMAEMO Syp —> S, Snop —> Suap-

Bigmosigao K — 0.
MakcumManbHe 3HaueHHS K MOXITMBO OTPUMATH Y BUTIAJIKY, KOJH HAM BIA€Th-

csl IOCATTH Sy, — S;;,ax i Syop = 0. Takum yrHOM, 00MaCTh 3MiHK KpuTepio (1)

crmane 0 <K <1

3 METOI0 JTOCTI/KEHHSI TIOBEIIHKM 3aIpOIIOHOBAHOTO KPHUTEPI0 PO3TIISTHEMO
0a30Bi TUNOBI CTPYKTYpPH pO3TallyBaHHS KUT YypaxeHHs. BOHM MOXyTb
PO3IJISAATUCS SIK OCHOBA MOOYIOBH OUIBII CKIAAHMX CXeM. PO3IJITHEMO YOTHPH
KOJIa YpayKeHHS.

PosrisiHyTa 3amada € mMomiOHOI 10 KIACHYHOI 3ajadvi BakyBaHHs [5] Ha
IUIOIIMHI KiJI OJTHAKOBOTO pajiyca B JAesKy Girypy (Kojo, mpsMOKYTHHK a0o iHIIL).
VY SKOCTI KpHUTEPiII0 ONTUMAIBLHOCTI Y I[bOMY BHIAJKy BHKOPHUCTOBYETHCS
IIUTBHICTh YIAKOBYBAaHHSI — BiTHOIICHHS CYMH IUIOII YITAKOBAaHHWX KiJl JIO TIJIOII
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obmacTi, SKy 3alOBHIOIOTH KOJIaMH. Y Halliil ITOCTAaHOBIII 3amada JeIIo
BIIPI3HAETBCS BiJ KIACHYHOI, OCKIJIBKH, IIO-TIEpIIE, 13 CamMoro IOYaTKy He
nependadacTbcss 00MacTh, SKy TOTPIOHO 3allOBHUTH KOJAMH, 1, MO-Apyre, y
KIACHYHUX 33/1a4ax yINaKyBaHHS HE JOMYCKAEThCs MepeTHHAHHS Kii. [IpoTe meBHi
BHUCHOBKH, III0 OTPUMaHi B T€Opii ONTUMAJIHHOTO BIIAKYBaHHS, MH BUKOPUCTAEMO B
nonanpimoMy. Hampukiaza, Bimomo, M0 Ha IUIOMIMHI HAHOUIBII ONTUMAIBHAM €
reKcaroHalbHE PO3TAIlyBaHHS KiJl, KOJH 1X IEHTPH PO3TAIIOBYIOTHCS Y BEPIIHHAX
NPaBUIIBHOTO MIECTUKYTHHUKA [3]. ¥V IbOMY BHIAJKy JOCATAETHCS MaKCHMajbHa
IIUTBHICTG yIIaKyBaHH:. Bpaxyemo 11ie mi 9ac po3riiry THIIOBHX CTPYKTYD.

VY sKocTi 0a30BUX THIOBHX CTPYKTYp OyZeMO aHalli3yBaTH JBi:

1) meHTpH KiJl PO3TAIIOBYIOTHCS y BEpUIMHAX POMOa, 110 CKIAIa€ThCs 13 TBOX
MPaBUIBHUX TPUKYTHHUKIB (TIPEJICTABIISIE YACTHHY [EKCArOHANBHOI CTPYKTYPH);

2) LEHTPH KiJl pO3TAIIOBYIOTHCS y BEPIIMHAX ITPABIIIBHOTO KBapaTa.

Omninnmo 3HaveHHs Kputepito (1) uia BUnaaKy, KOJMU ISl KOXKHOI CTPYKTYPH
«IIOPO’KHEU1» yCepequHl MiX KOJIaMH Ypa)K€HHS BIACYTHI W MPH I[bOMY HEMae
CITBHOTO TIEPETHHAHHS TPHOX 1 OiJIbIIe Kijl, TOOTO KOXKHA 00JacTh NEepeTHHAHHS
(hopMy€eThCSI BUKITIOYHO IBOMA KOJIaMH (PUCYHOK 3).

30Ha nIepeTHHAHHA O06acTh HEYPAKEHHS

Puc. 3 — Tunosi crpykrypu

VY mepuiomy BHUNAAKy CTOpOHa poM0Oa (IPaBUIIBHOTO TPHKYTHHKA) JAOPiBHIOE
RV3.V BUTIAJIKY PO3MIIlIEHHS [IEHTPIB KiJl y BEpIIMHAX KBajpara, po3mip Horo
CTOPOHHU CKIIafie R+/2. Taknm umHOM, y CTPYKTypi poM0Oa LIEHTPH KiJl po3Taluo-
BYIOTBCS JaJli OJIMH BiJl OJHOTO HIX y BHIIQJIKy KBajJpara, OTXKeE, IUIOIA MEPETH-
HaHHS JIBOX KiJl y TepIIoMy BUMaAKy OyJie MEHIIO (IpoTe y CTPYKTypi pomba
TaKHUX MEepeTHHaHb Oye MM'ATh, IPOTH YOTHPHOX Y BUTIA/IKY KBaJIpaTa).

BusHaunMo 1utony ypa)xeHHs Ui KOKHOI 31 CTPYKTYD, U 9OTO0 BU3HAYMMO
IUIOIII 30H neperuHaHHs Kin (puc. 3). [loma cermMenTa KoJjia, 10 CTAHOBUTH T10-
JIOBHHY 00JIACTI TIEPETUHAHHS JBOX KiJI, BU3HAYAETHCS 32 BITOMOIO (hOPMYJIOHO

S, = le(ﬂ—sin aJ,
2 180°

Jle & — LEHTPAJIBHUM KYT, 110 CIIUPAETHCS HA XOPAY.
JloBxHHA XOpJH, MO 3'€IHy€ TOYKH MEPETUHY JBOX Kill, Y CTPYKTypi pomba

(IpaBUIILHOTO TPHKYTHHKA) Oyjie JIOpiBHIOBATH R, a y BUMAJKy KBajapara — RV2.
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KyT, 110 Bignosizae Xopi, y MepiioMy BUNAAKY AOpiBHIOE o = 60°, y npyromy —
a = 90°. TakuM YMHOM, IUIOII CETMEHTIB
— U1t poM0a (TIpaBUIIBHOTO TPUKYTHHKA)

s _1lge ——ﬁ ~0,091R?:
3 2

cee
2

— I KBajapaTa —

cee

:lRZ(Z_ jz 0,285R?.
2 (2

VY miacymKy Mo ypaskeHHs! BU3HAYaTUMYThCS B TaKUH CTIOCi0:
— U1t poM0a (IIpaBUIIBHOTO TPUKYTHHKA)

ﬁ} (771' 53

S, =4S,-10S,, =4R?-5RY Z -
yp 1 cez [3 2 3

j 11,661R?:

— JUId KBajpaTa

S,, =45, —8S,,, = 47R% — 4R2[% - j = R?(27 +4)=10,283R?

(MaKcHMasTbHa TUIONA ypakeHus S = 47R? =12,566R?).

[Tnoma HAKPUTTS B 3aralbHOMY BHIAJAKY OyJe BH3HA4YaTHCS SK IUJIomIa Oara-

TOKYTHHKA 13 3a0KPYTIICHUMH BEPIIUHAMU 32 (HopMyIIoL0
_ 2
Syarp = Ser + PR+ 72R%, 4)

ne Ser, Psc — BIANOBIAHO TUIONIA 1 MEPUMETP OXOIUIIOIOYOro OaraTOKyTHHKA JUIS
LIEHTPIB KiJI ypakeHHS (IUB. PECYHOK 2).

TakuM YHMHOM, IO HAKPHUTTS CKJIATYTh!

— Juisg poM0a (TIpaBUIIEHOTO TPUKYTHHKA)

S, = 2i R? +4R?3+7R? = R{#m} =12,668R?;

HAKp

— JuId KBajpaTa

Spurp = 2R2 + AR%2 + 7R? = R2(2+ 44/2 + 7)=10,798R?.

Hakp

Tpeba 3ayBakuTH, 110 00JIACTI HEYpa)XCHHS B 000X BHMaAKaX (OpMYIOTHCS
BUHSTKOBO «30BHIIIHIMUY 10 Kil JinssHKamMu (3adapOoBaHa IUISHKAa Ha CXeMi
pom0Oa, pucyHok 3).

PesynbTaTy oliHIOBaHHS CKIaN0BHX 1 KpuTepito K y miloMy JUIs pO3rIISTHYTHX
TUTIOBUX CTPYKTYp HaBeJeHO B Tabmwmi 1.

Tabmms 1 — Kpurepiii K ans tunosux crpykryp (4 PC)

Twumnosa max
CTPYKTYypa yp/ S SJ’P/ SHﬂKP K
Pom6 0,928 0,920 0,848
Ksagpar 0,818 0,952 0,770

Takum 4rHOM, pe3yibTaTH Tabnuui 1 miATBEPIUKYIOTH Te, IO AJS CTPYKTYpH
pomMOa (IpaBMUIIBHOTO TPUKYTHHKA) MAEMO Kpalluil CTYIiHb YpaKCHHS 3 MOTJISAY
3aIlPOIIOHOBAHOT'O KPUTEPIIO.
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30epekeMo pO3TIISTHYTI CTPYKTYPH po3TaltyBaHHS TO4YoK mamiaas PC y Bu-
sl pom0Oa i kBagpara, i OyaeMo 30UTbITyBaTH BiACTaHb MK IIEHTpaMHU KiJl (SIK
MIPUKIIa] Ha PUCYHKY 4 TIOKa3aHO MOMIOHY omepariro aist pom6a). Takum grHOM,
yCcepearHi KOXHOI 31 CTPYKTYp 3'IBISATHCS «IIOPOKHEU1.

i

a — cTpykTypa pomba; 6 — CTpyKTypa KBajapara

Puc. 4 — CxeMma «po3mmpeHHs» pomba

s ctpykrypu pom0Oa (IpaBUILHOIO TPUKYTHHKA) PO3TISTHEMO BiICTaHb MiXk

LEHTPAaMH K1 y MeXax V3R<1<2R; KBaJpaTa — y Mexax J2R<I<2R (-
BiJICTaHb MiXK IIeHTpaMu Kin). [IpaBi Mexi 3a3HaYeHUX IHTEPBATIB 3MiHU BEJTMYUHH
| BimmoBiar0Th JOTHKY KiJ B OJAHIN TOYIl ¥ BiACYTHOCTI iX meperuHanus. Temep

. . | . :
Kputepiid (3) 3amuiieMo 4epe3 BIJHOCHY BETUYHUHY U :E. BianosigHo s

CTPYKTYp pomOa ii KBajjpaTa OJIepKUMO HACTYITHI BUPA3H:

2 2
Ky(u) =| 47 8| arcsin u\/l—u— —u\/l—u— T
4 4 |l 4r V3,
TU +4u+7

2 2
K,(u) =| 7 —| arcsin u\/ 4 —u\/ _u [EJFZ;}—L
4 4 Jlz u+du+rz

Ha pucynky 5 mokazaHo BiAmoBiHi rpadiky 3MiHN 3a3HAYCHUX QYHKITIN.

Takum ymHOM, IUISI KOXKHOI 3 (PYHKIIH y MeXaX PO3MNISSHYTHX IHTEepBaIiB
3MiHH U OTpUMaHO MakcuMyM. it cTpykTypH pomOa (IpaBUIBHOTO TPUKYTHHUKA)
MakcumyM kputepiro K Buxomuts uis U= = 1,902 i BiH cranoButh K(ux) = 0,874.
Jns cTpyKTypH KBajpaTa BiamosigHo Maemo U« = 1,831 1 K(ux) = 0,854. 3 orpuma-
HHUX 3HaUYCHb MOKHA 3pOOUTH HACTYITHI BUCHOBKH:

43



Kl(u)

0.87
0.86
0.85
0.84

0.9
Ka(u)

0.85

0.8

0.75

U

1.75

1.8

1.85

1.9

1.95

U=

15 1.6 1.7 1.8 1.9

0
Puc. 5 — I'padix 3minu K y 3amexHOCTI Bif BiTHOCHOI BijcTaHi U

ONTUMAaJIbHA BIJCTAaHb JUIA CTPYKTYpH KBaJapara 3HAYHO MiJBHUILYE JUIS
HBOTO piBeHb KpuTepiro K (y MOpiBHIHHI 31 3HAYEHHSM, IO HAaBEICHO B
Tabmmii 1) 1 mpakTUYHO HAOIMXKA€E Horo 0 cTpykTypu pombOa. Pizaums K
JUTSL ONITUMAITBHOT BiZICTaHI MK IEHTpaMW Kill Ui CTPYKTypu pomOa i
KBajipara He nepeBuinye 2,3 %; 3rigHo 3 Tabmuieto 1 Taka pi3HUIS CTaHO-
Buia — 9,2 %;

3 TOYKY 30pY 3allpOIIOHOBAHOTO KPUTEPII0 OUYEBUAHE PO3TAIIYBaHHS KiJ,
10 BUKJIIOYA€ BHYTPIIIHI 00NacTi HEypaKeHHsS («IIOpOKHEUi»), € HE ca-
MHUM ONTUMAJIbHUM.

Tenep posrisiaemo BapianT 3amty 3 N = 16 nexepoanux PC. Koxxnuit PC mig
Yac MmaJiiHHs BpaXkae MeBHY 00JIaCTh, IO MPEICTaBIIsIE KOO pajiyca R (Binmoginae,
Hanpuknag, PC i3 ¢pyracHor 6oiioBoro yactuHoo) Texniune poscitoBanns PC, sk
1 padille, XapaKTepU3y€eThCsI CEpelHIMU KBAAPATUIHUMHU BiAXWICHHSIMHU TaKUMH,
mo ox = oz = o. [Ipoananizyemo BB Ha kputepiii K pagiyca ypakeHHs i Xxa-
PaKTEepUCTUK TEXHIYHOTO pO3CitoBaHHA. JlOCHi[KeHHS NpPOBOAMIOCS B TaKHH

crocio:
1.

2.
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JI7st 3aJaHOTO TEXHIYHOTO PO3CIFOBAHHS MOJICIFOBAIMCS KOOpAUHATH (X, Z)
touok naxigasa N PC;

Busnavanacs mioma HaKpUTTS SIK TUIONIA OMYKJIOTO OaraTOKyTHHKA i3 3a-
OKpYTJICHUMH BepLIHaMHU (3rifHo (4));



3. Bwusnauanacs ruioma ypakeHHs (BpaXxOBYIOUM CKJIJHHN XapakTep Iepe-
TUHAHHS KiJI, JUTS BU3HAYEHHS TUIOMII YPa)KEHHS BUKOPUCTOBYBABCS METO]I
Momnte-Kapio);
IlyaxT 1 — 3 mOBTOpIOBaNMCSA JOCTaTHRO BEIHUKY KUTBKICTD pas;
5. Tlo oTpuMaHWX peamizamisX BHU3HAYAINCA CEpPeAHI 3HAYCHHS IUIOII
HAKPUTTS 1 TUIONTI YpaXKEeHHS;
6. 3 BUKOPHCTAaHHSM CEpE/IHIX 3HAYCHb IUIONI HAKPUTTS W TUIONI yparKeHHS
BH3HAYAIIOCS 3HAUYEHHS KPUTEPiro (2) st po3TISTHYTHX 3Ha4YeHb R i o
Pesynprarn onintoBannsa kputepito K mns R =20, 30, 40 M 3anexxHo Bijx 3Ha-
YeHb ¢ TIOKAa3aHO Ha PUCYHKY O.
0.35
K a

&>

0.3

0.25

0.2

0.15

L
01 20 30 40 50 60 70 80 90 100

o, M
Puc. 6 — 3nauenns kputepito K mist 3ammy PC

TakuMm unHOM, TIpH 3aaaHil KiabkocTi PC ajis kokHOTO 3Ha4YeHHs R iCHYIOTh
ONTUMAJIbHI MapaMeTpu TEXHIYHOT'O PO3CIIOBAaHHS, JUIS SKUX JTOCATAETHCSI MaKCHU-
MaJibHa e(DeKTUBHICTh BOTHEBOTO YpaXkeHHs1 (Y BUIUISAI IJIONII ypaskeHHsI 3ai1y). 3
HaBeZIeHUX IpaikiB BUILIMBAE, IO 31 30UIBIICHHIM pajiyca YpaKeHHsS JUIsl 3aB-
JlaHHS OUThIIMX 30UTKIB MpH 3aimi ¥ 30uibiieHHs K moTpiOHO 30inblIyBaTH TeX-
HIYHE PO3CIFOBAHHS, 0 € MPUPOIHIM.

HeoOxigHO Big3HAYMTH, IO JUIS PO3IJISHYTUX BHUIIAJKIB MaKCHMallbHE 3Ha-
yeHHs kputepito K He nepesepurye Bennunau 0,33.

VY 1boMy 3B'SI3KY LIKABO OILIHUTH HACKIJIBKU CHUJIBHO OTPUMaHi 3HAYCHHS KpHU-
tepito K ms 3ammy N = 16 PC Biapi3HSIOTHCS Biji HAHOUIBII ONTUMAJILHUX 3HA-
4eHb, KOJIM CTPYKTypa Mae BUTIISA poMba abo kBaapata (pucyHoK 7).

\

Puc. 7 — Tumosi crpyxrypu aust 3ammy 16 PC
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Pesyibratu omiHoBaHHS KpuTepito K Ui 3a3HAYCHHUX THIIOBHX CTPYKTYpP
HaBEIEHO B TA0IUI 2.

Tabmuus 2 — 3HaueHHs Kputepito K s TunoBux cTpykryp (16 PC)

Tumosa max
CTPYKTYpa I Syl’/ SYP Syp / S””Kp K

0,936 0,881 0,817

Pom6 R\/§
u=R 0,973 0,903 0,876
0,959 0,727 0,686

Ksanpat R‘/E
u+R 0,956 0,870 0,826

Taxum ynHOM, 3HauUeHHs kpuTepito K, orpumani mis 16 PC i3 ypaxyBanHsM
TEXHIYHOTO PO3CIIOBaHHs, BHSBHJIMCA OBl HDK y 2,5 pa3sd MEHIIMMHU 3a
HaWOUTBII ONTUMAaJIbHUI BapiaHT (s | = u«R).

s ycyHeHHs HEeIIOJIiKy, IMOB'SI3aHOTO 31 3pOCTaHHSAM TEXHIYHOTO PO3CilOBaH-
Hsl BHACJIIIOK 30UIBIICHHS MANIBHOCTI MOaboTy, PC, sIK 3a3HaueHO BHUIIE, MOXKYTh
o0JlaJIHyBaTHCSl CUCTEMaMHU KepyBaHH, IO KOPEKTYIOTh TPAEKTOPii MomboTy. Y
UBOMY BHWIIQJIKY, SKIIO CTpinb0a BimOYBaeTbcs MO HEPO3BiAaHId I, TOOTO
HEBiIOMi Micllsl pO3TallyBaHHS OKPEMUX ii 00'€KTIB, MOKHA CTABUTH 3aBJIaHHS PO
ONTUMAIBHUNA PO3MOJIA TOUOK majaiHHsA PC, mo oTpuMaHi 3 BUKOPUCTAHHIM 3a-
npornoHoBaHOTO KpuTepito. Tak y [4] 3a3Hauaerses, mo mist PC3B min yac ypa-
JKEHHSI TUIONIMHHUX LIJIeH, OKpeMi 00'€KTH SKHX PO30Cepe/KEHI Ha 3HAYHMX ILJIO0-
ax, HeOOXIAHUM € PO3MOJLI Bpakarouux (haKTOPIiB Ha IO PO30CEPEIKEHHS
o 3 MeTor e(eKTUBHOrO iXHHOrO BHUKOPUCTAHHS W KOMIIEHCAIil MOMHIIOK
CTPLIBOH.

HeoOxigHO TakoK BiI3BHAYUTH, IO PO3TISIHYTHH Y CTATTi KpUTepiii Moxe Oy-
TH BUKOPHCTAaHHUN TaKOX 1 y BUMANKY, Koiu o0nacTk ypaxkeHHst PC BigmiHHA Bij
Koja (mpeacraeise Woro yactuny). Hanpukian, ans PC, o0namHaHUX OCKOJIKOBO-
(yracHOO TOJIOBHOIO YaCTHHOIO, Y BUTIAJIKY, KOJIM KYT HOT'O MiZXOy O MOBEPXHi
3emiti cyTTeBO BinpizHsieThes Bi 90°, 00nacTh ypaxkeHHs Oyje MpeaCTaBIsITH CeK-
TOp abo J1Ba CEKTOPH, SIK TIOKA3aHO HAa PHCYHKY 8.

Puc. 8 — Obnacti ypaxxeHHs 711 OCKOJIKOBO-(DyracHHUX TOJIOBHUX YacTHH PC

VY peansHOCTi PC3B Bpakae rpymosi wini, 10 MalOTh Y CBOEMY CKJIaji pi3Hi
UMM 00'€KTIB. Yci X MOKHA YMOBHO 3BECTH JI0 JISTKUX THIIOBUX €IEMEHTAPHUX
uineit. TpamuuiiiHo, 1€ KMBa cuiia, HEOPOHBOBAHA TEXHIKA U JIErkoOpOHHLOBaHA
TEXHiKa 3 Bi[JOMHUMHU XapaKTEPUCTHKAMH B YacTHHI ypaxxeHHs [5]. s koxHO Ta-
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KOi THITOBOI ITJIi MaEMO BIIacHI pamiycu ypaxenus PC. Y npoMy BHUNAAKy B MPo-
1eci BUOOpy/mociipkeHHs eekTuBHOCTI 3aiuny PC MOXHA PO3IIISHYTH y3aralib-
HEHUU KpuTepii
Ky=2Ki
i

ne Ki — 3HayeHHs kpuTepito i i-Toi TUnoBoi niti (y ckiaaai rpynosoi wimi). s
OTpUMaHHSI HAMOLIBII ONTUMAIILHOTO BapiaHTa CXeMU YPAXKCHHS CITiJI 3a0€3eYnTH

Ks — max.

BucHoBkM. Y cTarTi 3ampolOHOBAaHO KpPUTEPidl Ui OLHIOBaHHS CTYTMEHS
ypaxkeHHsI, IKAH 3aBAaeThes i yac 3anmy PC3B, mio 3acHoBaHuWH Ha ol ypa-
xenHs 3anny PC. 3 BUKOpHUCTaHHSM 3alpOMIOHOBAHOTO KPUTEPIIO AOCHTIHKEHO TH-
MOBi CTPYKTypH 3 yoTupbox PC 1 BumaHo pekomeHaanii 3 HaiOIbII ONTUMATIBHO-
ro ixHporo posramyBaHHs. [lokazano, mo ans 3anmy PC i3 ypaxyBaHHIM TexHid-
HOT'O PO3CIIOBaHHS iCHYe ONTUMAallbHE CIiBBIJHOIICHHS MiX XapaKTePHCTUKAMH
po3citoBaHHs U momiero ypaxkeHHs okpemoro PC. OtpumaHo pexkomeHparii ajis
OiBII €)EKTUBHOTO HAaHECCHHS ynapis 3anmnamu PC.
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