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METO10JIOT'IAA BUBOPY ITPOEKTHUX ITAPAMETPIB
MAPHIOBUX /IBUT'YHIB HA TBEP1OMY IIAJIUBI.
MATEMATUYHE TA INPOI'PAMHE 3ABE3IEYEHHS

PosensaHymo memodonozito npoekmHoao po3pobneHHs Mapwosux 0suayHie Ha meepdomy nanuei Ha
emanax pobim, wo nepedyrome 8UNycKy KOHCMPYKmMopceKoi GoKymeHmauii, gueomoeneHHo ma sunpob-
yeaHHAM Mapuiosux dsuayHie. Lii emanu e Haligaxnusiwumu nid 4ac cmeopeHHs mMapuiosux deueyHis, Ha
HUX 8U3Ha4yarme KOHCmMpyKkmueHi ocobrusocmi ma npoekmHi napamempu dsuzyHa. Y cmammi nodaHo
neperik i Memodornoeis eubopy uux napamempis, eenu4yUHU SKUX MOBUHHI 3abe3nedysamu MaKCuMarbHy
ehekmusHicmb pakemHo20 Komnaekcy, mobmo mamu onmumarnsHi 3Ha4eHHs. Memoto onmumizauii €
3Haxo00XeHHs ekcmpemarnbHoe0 3Ha4YeHHs Uinboesol ¢hyHKUIl (Kpumepir) 8id wykaHux (mux, Wo onmumi-
3ylombcs) napamempis. Po3ensHymo pi3nHi gudu Kpumepiig, y momy 4yucni Halibinbw 3acmocosysaHi 8
npakmuyHili disnsHocmi. lNokasaHo, Wo nid yac onmumizayil MpoekmHUx napamempie OKpiM OCHO8HO20
8 mill yu iHwWil mipi ypaxosyromscs U iHwi napamempu. Benukuli obcsie poapaxyHkosux pobim nid yac su-
Oopy OCHOBHUX XapakmepucmuK ma onmumMarnbHUX NPOeKMHUX napamMempie sUK/UKaE 20CMpPy MexHiYHy
HeobxiGHicmb po3pobneHHs memoduk, Wo 0o3eonams 8 obmMexeHul cmpok, 6e3 3anyyeHHs WUPoKoz20
Kofna 8y3bKux cneuianicmie i 3 docmamHb00 MOYHICMIO 8U3HaAYUMU Xapakmepucmuku Mapuwosux oeu-
eyHie ma nocmasumu ix Ha asmomamu3aoeaHull pospaxyHok. Ha [ «KE «[liedeHHe» maki memoduku
bynu cmeopeHi y nepiod 3 2005 no 2019 pp. dnsa piaHo20 Knacy mapuwosux dsuzyHig. ¥ cmammi nodaHo
cmucnudl onuc yux Memoduk i3 3a3HadeHHaM diana3oHy rnapamempis, y aKomy eoHU bynu anpobosaHi.
lMowyk onmumarnsHoi CyKynHocmi eenuKkol KinbKocmi npoekmHux napamempis mapuiosux dsueyHis i pa-
Kemu, Wo su3HavYeHa obpaHum kpumepiem egpekmusHocmi, moxe 6ymu 30ilicHeHo 3a Gornomozol, Ha-
npuknad, eeHemuyHo20 ansopummy, peanizogaHozo e kommn'romepHomy dodamky Optimization toolbox
3 nakema MATLAB. [ina po3e’sizaHHsA uiei 3adayi Kpim npoepamu 3 po3paxyHKy mapuiosoeo dsuayHa
aneopummy onmumisayii HeobxidHa rnpozspama asmomMamu3o8aHo20 Po3paxyHKy xapakmepucmuk pake-
mu, crofiyyHa 3 npoepamoro asmomamu3oeaH020 308HiIlHLObaNICMUYHO20 po3paxyHKy Kpumepiro eghek-
mueHocmi pakemHoi cucmemu (Hanpuknad, aneHicms cmpinsbu). Lli npoepamu nosuHHi 6ymu o06’'edHaH|
8 O0HY, SIKOK MOBUHEH Kopucmysamucs o0uH creuianicm. Ypaxosyrodu senukuli obecsie pobim i gidcym-
Hicmb Ha uell yac ob’edHaHOIl npozgpamu, y cmammi 0aHo pekomeHOauil Wooo 3MEHWEHHS Kinbkocmi
po3paxyHkis, a makox wodo diana3oHig sapitosaHHs Mid Yac nowyky ixHboeo onmumMasibHO20 3Ha4YEHHS.
Okpim 3acanebHonpuliHamux kpumepiie ecoekmueHocmi mapwosux deueyrie (po3din 3) pozanaHymo ma
npoaxanisoeaHo U iHWI kpumepii ecbekmusHocmi, 3anponoHoeaHi asmopamu. lNokaszaHo, wo kpumepif
echekmusHocmi mapwogux dgueyHie nosuUHHI bymu micHO noe’s3axi 3 napamempamu pakemu, y skill ix
3acmocosyme.

KnwuoBi cnoBa: NpoekTHi napameTpu, KpuTepii epekTUBHOCTI, MapLLIOBUIA OBUTYH, pakeTa, TBepae
nanueo.

This paper dwells on the methodology of solid-propellant main engines design in the phases prior to
release of design documentation, manufacturing and ME testing. These phases are the most important
in the ME development, when design features and design parameters of the engine are defined. Article
includes the list and methodology of these parameters selection, values of which should provide peak
efficiency of the rocket complex, i.e. should have optimum values. The optimization purpose is to find the
extreme value of the objective function (criterion) from required (optimizable) parameters. Various kinds
of criteria, including the most used in practical activities are considered. It is shown that when optimizing
design parameters besides the key one other parameters are also considered to some extent. Great
amount of design work in selecting key characteristics and optimum design parameters leads to acute
technical necessity of procedure development, which would define the ME characteristics within the limited
time, with sufficient degree of accuracy and without involvement of wide range of narrow specialists and
then set to the automated calculation on the personal computer (PC). Similar procedures were developed
within the period from 2005 to 2019 for the various types of main engines in Yuzhnoye State Design Office.
The article gives short description of these procedures, specifying the range of parameters they had been
tested for. Optimum set of large number of ME and rocket design parameters, defined by the selected
efficiency criterion can be selected, using the optimization algorithm, for example, the genetic algorithm
realized in the Optimization toolbox application from MATLAB software package. To solve this problem
besides the ME calculation program and optimization algorithm, the program for the automated calculation



78 Kocvuweexas mexnura. Paxemioe coopyacenue. Space Technology. Missile Armaments. 2023. Boin. 1 (1210)

of rocket characteristics, combined with the program of automated extra ballistic calculation of the missile
system efficiency criterion (for example, range of firing) is also required. These programs should be
combined into one to be used by only one specialist. Considering great amount of work and no combined
program available, the article provides recommendations on reduction of the amount of calculations, and
on variation ranges when searching for optimum value. Besides the conventional ME efficiency criteria
(section 3), other authors-suggested efficiency criteria are also considered and analyzed. It is shown that

ME efficiency criteria should be tightly linked with rocket parameters they are installed in.
Key words: design parameters, efficiency criterion, main engine, rocket, solid propellant.

1. lMocTaBaeHHs 3aBAAHHS

¥ neit gac icHye jayske Oarato TexHiuHOT -
Teparypy 3 Teopii pakeTHUX JBUIYHIB HaA TBep-
nomy nanusi (PTII). 3okpema, MoKkHa BiJ13Ha-
YUTH poOOTH TakKx aBTOpiB, sk 1. M. Illamipo,
P. 4. Copkin, 5. b. 3ensnosuu, B. S Anema-
coB, H. @. [Tronzse, b. B. Opnos, I 10. Ma3zinr,
I. X. ®axpyrainos, M. Bappep 1 i0. Y 1iux po-
6oTax pos3rIsiHYTO (hyHIAMEHTAIBHI MOJOKEH-
Hs 3 Teopii mporecis, mo npoxoyats v PITII,
BUKJIA/ICHO METOAM PO3PaxyHKIB BHYTpiLl-
HHOOATICTHUYHUX ITapaMeTpiB, CHEPreTHUHUX
XapaKTEePUCTHK, HAIPYKEHO-/1eHOPMOBAHOIO
CTaHy 3apsly TBEpOro NajinuBa, MpoaHaizoBa-
HO METOJIM i pe3yJIbTaT JOCIi/KeHb IPOoIeciB
ropinas TI1, onucano MOXXITHBI KOHCTPYKTHBHI
CXeMH ¥ 0COOJIMBOCTI JIBUT'YHIB.

[Tpote daxiBigm y raaysi TBepAONaJIHBHOTO
JBUI'YHOOY/IyBaHHsI BJKJIMBO HE TUIBKW po3pa-
xyBatu xapakrepuctuku P/ITII, ane # pasom 3
PO3POOHMKOM pakeTd BHOpaTH IXHI KOHKpPeT-
HI 3HAYCHHS, 3a SKUX 3a0e3MevyeThCs MaKCH-
MajbHa e()eKTUBHICTh PAKETHOI CUCTEMH 1 SKi
BHU3HAYAIOTh 1K OITHUMAJIbHI TPOEKTHI [IapaMeT-
pu asuryna (OIIIT).

3 UbOro IMHUTAHHS TAKOXK ICHY€E psll podIT
[1, 2, 6], ane, K MpaBUIIO, MAPaMETPU PaKETH
BH3HAYAIOTH y HUX HE HPSIMUMH pPO3paxyH-
KaMH, a 3a JIONOMOTOI EMITIPUYHUX 3allekK-
HOCTe#, mapameTrpd JABUIYHIB — Ha IiJCTaBi
CTATHCTHYHUX JaHUX. Takuil MiaxiT MOYKITH-
BHIA JUIA Cyry0o0 MorepeiHboi OMIHKH BUTISTY
pakeTH Ta JBWUIYHA ITiJ{ Yac po3poOIsHHS, Ha-
MPUKJIaL, KypcoBOro abo JUILIOMHOIO MpPOeK-
TIB y BUIIMX HAaBYAJILHUX 3aKi1ajax (Ipo 1o,
110 pedi, i roBOpUTH Ha3Ba polir [1, 6]), are He
111 Yac CepHO3HUX AOCII/PKEHb, SKI IIPOBOIASTD
y KOHCTPYKTOpchbkoMy Oropo. Came MeTo10510-
rifo X A0CHiJKeHb 1 miaxija go sudopy OITIT
JIBUT'YHA W pakeTH PO3IITISHYTO B IPOMIOHOBAHIH
CTATTI.

s

2. XapakTepucTHK W YMOBH Ppo0OTH
MapLIOBOro ABUIYHA, 1[0 BU3HAYAOTH HOI0
surisja. Iapamerpu M/, mo nigasiraiots
oNnTHMI3ALIT

Jlo ocobnuBoCTeH 1 rapameTpiB JBUI'YHA,
1110 BU3HAYAIOTh WOTO BUTJISL, HAJEKATh:

— KOHCTPYKTHBHO-KOMIIOHYBAJIbHA CXEMa;

— 30BHIIIHIA jaiaMeTp (kamiOp) Kopmycy
JIBUI'YHA DK_:_

— Maca 3apsijly TBepJIOTo NaIuBa m.;

— CeKyH/JIHa BHMTpaTa TPOAYKTIB 3TOPSHHS
(K110 BOHA 3MiHHA, TO 3aJIe’KHO BiJ Yacy po-
botwm) mr;

— IUTOMMH IMITyIIbC TATM B 1ycTOTI [

— Maca KOHCTPYKLIT JBUTYHA m

— JliameTp 3pi3y coria d .

YMOBH poOOTH, 1110 BIUITMBAIOTh HA XapakTe-
puctuku MJL:

— TeMIIepaTypHHH Jiara3oH eKcILTyaraiii;

— TUCK HABKOJTMIITHBOTO CEPE/IOBHUINA;

— HeOOXiHICTh 30epeKeHHS LLTICHOCTI KOH-
cTpykitii MJ] Ha macHBHOMY BiJIPi3Ky IMOJBOTY
micns 3akiHueHHs podoru MJI (npu mesino-
KPEMITIOBAHIH rOJI0BHIM YacTuHI).

L1i BeTMYMHHU ¥ BUMOTH, K MTPABHUIIO, 3aHO-
cATh B TexHiuyHe 3aBaanHs (13) na M/, micns
4oro (hopMaibHO TOYUHAETHCS HOro PO3pO-
Omennd. Ilpore, mob 3anaty npaBWIBHI 3Ha-
YCHHSI XapakTepUCTHUK, HEOOXITHO IPOBECTH
BeJIMKUIA 00CST CHIIBHUX JOCIIKeHb po3pod-
HUKAM PaKkeTd Ta MapiloBOro JABUIYHA, METOIO
SIKAX € 3HAXO/KCHHS HeOOXITHUX BEITMUHH, 10
3abe3reuyioTh MaKCUMaJIbHY e(PEeKTHBHICTE pa-
KETHOT CUCTEMH, TOOTO METOIO € 3HAXOKEHHS
IXHIX ONTUMAILHUX 3HAYCHD.

[3 3a3HayeHMX BHIE XAPAKTEPHUCTHUK OIl-
TUMI3allii NiAIAraroTh TakKi:

— JllaMeTp KOpIycy;

— CeKyH/lHa BHTpaTa;

— JiamMeTp 3pi3y coruia.

Macwu 3apsiy TBep0ro nanusa i KOHCTPYK-
it M/1, 3BH4aifHo, He MaIOTh ONTHMYMY.

KoHCTp?
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Oco0aMBO CTi/1 3yTHHATHCS Ha TAaKOMY Mapa-
METpi JIBUI'YHA, 9K TUCK Y Kamepi 3ropsHus P .
[ 1% BenmuumHa, K MPaBUII0, HE BXOIUTE /10 BUMOT
TEXHIYHOT0 3aB/aHHs. Po3poOHMKa pakeTH BOHA
dopmanbho He wHikaBuTh. Momy Baximpi Maca
KoHcTpyKuii M/J1 1 #1010 MUTOMUIT IMITYIIBC TATH.
[Tpore Bia THCKY B Kamepi sropsiaus (K3) 3ase-
Karb yci OaiicTHyHi, eHepreTUyuHi i MacoBo-
rabapuTHi XapakTepUCTUKU JIBUTYHa. Tomy
BU3HAYCHHS ONTUMAIbLHOIO 3HAYCHHSI TUCKY B
KaMepi 3ropsiHHs € TIEPUIOPSIHAM 3aB/IaHHSAM
iy yac po3podnsiuus M1

Taxoxx mignsrae onTuMizamii KpiM  ia-
MeTpa 3pisy comia Horo BiIHOCHA JOBXKHHA
HAJ3BYKOBOI YacTUHU meB —  BIJIHOLIEHHS
JIOBKMHH HaJ3BYKOBOI YaCTHHM [0 JiameTpa
3pizy. 30LIBIICHHS me, 3 ofHOro OOKY, Beje
10 301TBIICHHS TTHTOMOTO IMITYJTBbCY TATH, 3
Jpyroro 00Ky — 0 MOTipiIeHHs MacoOBHX Xa-
paktepuctuk M/ i XBOCTOBOIO Bi/ICIKY pakeTu
1 HABTIAKH.

Takum 9uHOM. JUIst OJHOCTYIIIHYACTOT paKe-
TH MPOBOAATH ONTHMI3AIII0 TAKUX MapamMeTpiB
MJI: .

— THCKY B KaMepi 3ropsiHHS;

— 30BHIIIHBOTO JliaMeTpa KOpIycy;

— CEKYH/IHOT BUTPATU IIPOAYKTIB 3rOPSIHHS;

— JlameTpa 3pi3y comia;

— BIJIHOCHOT JIOBYKMHM HAJI3BYKOBOT YaCTHHU
coruia.

Jlnst GararocTymiHyacToi pakeTH KpiM Ofl-
TAMI3alii napameTpiB MJ] KOXKHOTO CTyreHs
BU3HAYAIOTh ONTHUMAJIGHE CITIBBIIHOMICHHS Mac
najnuBa MiXK CTYTICHSMHU.

3. Kpurepii ajsi BU3HAYEHHSI ONTUMAJIb-
HuX xapakrepueTuk M/ i pakern

Meta omrtumizanii mojsrae y BU3HAYCHHI
eKCTPEeManbHOTO 3HAYCHHS IITbOBOT (PYHK-
uii (kpurepito) pakeroi cucremu F, =7 (11),
ne I — onrumisoByBaHuii napamerp ado TuIl
CXEMHOI0 ado KOHCTPYKTOPCBKOIO PO3B’si3aH-
He, T00TO Bu3HadeHHs II. 3a sxoro (yHKiis
F mae kpaiie (3 ypaxyBaHHsM HasBHHX 0OMe-
JKCHB) 3HAYCHHS.

MeToau onTuMizallii pi3HATHCS 3a BHJIOM
Hi1b0BOT PyHKUIT (KpUTEpito e(eKTUBHOCTI)
PaKeTHOI CUCTEMH:

— OasticTuyHa — yMOBa 3a0e3reueHHs: MaKCH-
MallbHOT'O 3HAYEHHS! KOPUCHOTO HABAHTAKEHHSI
m__ TIpU TIOCTIMHINK CcTapToBii (MOYaTKOBiM)

K.H
v

Maci pakerd m - # HEOOXIHMX 30BHIlIHBO-

OaicTUYHUX TapaMeTpax (Hampukiai, Jajlb-
HICTH CTpUILOM L) abo ymoBH 3abe3reueHHs
EKCTPEMAIBHUX 3HA4YEHBb 30BHINIHBOOATICTHY-
HUX MapaMeTpiB pu 77 = const i m__ = const;

— MacoBO-rabapuTHa — yMOBa OJepIKaHHS
MiHIMalIbHOT cTapToOBOI MacH i (ab0) MiHIMaITb-
HUX rabapuTiB PU MOCTIHHUX 3HAYSHHSIX MACH
KOPHCHOTO HABAHTAKEHHS TA 3HAYCHB 30BHIII-
HBOOATICTHYHHUX MapamMeTpiB;

— eKoHOMIuHa (BapricHa) yHKIisS — ymMoBa
CTBOPEHHSI PAKETHOI CHUCTEMM 3 MiHIMaTbHM-
MU (pIHAHCOBMMH BUTpATaMu NpU m_ = const,
L = const;

— yacosa (pyHKIIisE — yMOBU po3po0sieHHs pa-
KETHOI CHUCTEMU;

— HaifiHICHA — BUKOPUCTAHHA B pakeTHIH
cucreMi BUNIPoOyBaHHMX 1 BIJITPAIlbOBAHUX TEX-
HIYHUX pilieHb ado 3011bIIeHHs 00CATy eKcre-
PUMEHTAILHOTO BiANPAIbOBYBAHHS.

Crij 3a3HaunTH TaKi 0OCTABUHU:

1. I3 3a3HaueHux 00 e€KkTiB onTUMi3alii
TUIBKH JUISS OCHOBHUX mapameTpis MJI 3a-
JEXKHICTh HITOBOT QYHKINIT Fu BIJ IXHIX 3HA-
yeHb MOKe OyTH mojlaHa B aHaJTITHIHOMY Ta
rpagiuHOMy BUITISIAL, L0 J03BOJSE JOCHUTH
TOYHO BHU3HAUMUTH MOJIOKEHHS TOUKU eKCTpe-

BFu 0
MYMY, 3a SKOI0 =0.
yMy o0

i

2. 3HaXO/KEHHS TOUKH €KCTpEeMyMYy, HAIlpH-
KJIaj, MiJ yac BUOOPY KOHCTPYKTHBHO-KOMITO-
nyBanbHUX cxeM (KKC) abo KOHCTpYKTHBHHX
pimens (KP) moxe OyTn 3aificHeH0 nepedopom
MEeBHOI KIMTBKOCTI IUX OO0 €KTIB OMTUMIi3ariii
(KKC, KP). V upomy Bunajky uinsosa (GyHk-
11 OyJie MaTh TOUKOBI 3HAYEHHS, 4 IXHI EKCTpe-
MaJlbHi 3HAYeHHs (YMOBHI ONTHMYMH) MOXKYTh
OyTH OTPUMaHI TITBKA METOJIOM TMOPiBHSIBHO-
O OLliHIOBAHHSI.

3. Okpemi 1iab0Bi yHKLIT pakeTHOT cUcTe-
MU B 3arajJbHOMY BUNAJKY HE € He3ale/KHUMHU
O[Ha BiJl OAHOI, 1 MPAKTUYHO B OY/(b-SIKOMY
MPOLEC] ISl 3AICKHICT MTPHCYTHSI.

Sk npaBuno, 1ig yac rnpoexrysanus M]] 3a
OCHOBY OepyThb 30BHIIIHBOOAIICTUYHY (PYHK-
1if0 (1aJbHICTh CTPiTBOH, KiHIIEBA IIBH/IKICTD,
BHCOTA IOJILOTY M T.IL IIpU m_ = const,
m_ = const), Ml 4ac pO3paxyHKy SIKOi Bpa-
XOBYIOTH U 1HII (pyHKIIT # YMOBH: HasIBHICTE
ab0 HeOoOXiHICTL CTBOPEHHS HOBOIO TEXHiu-
HOTO HapoOKy, JOCHTITHUX 3pa3KiB-aHAIOTiB,
MarepialiB, NajuB, BUpOOHUYOT Ta BUIIPOOHOT
0a3, BIANpPAIbOBAHICTE TEXHIYHWUX pIMICHb |



80 Koeymumecxas mexnura. Paxemnoe soopyacenue. Space Technology. Missile Armaments. 2023. Buin. 1 (120)

T. J1., TOOTO BCE, 10 BIJIUBAE Ha EKOHOMIYHY, Ya-
COBY I HajliHICHY (DYHKIIIT.

OTKe, BU3HAUCHHS ONTHMAJIBHHUX IPOCKT-
HUX MapaMeTpiB MapIIOBUX JIBUTYHIB MOMKIH-
BE TIJIbKH MIC/IS CHIIBHUAX JOCIIKEHb PO3po0-
HUKIB MJ] 1 pakeTtu, micist 3aBepIleHHs SKHX
OTpUMaHi pe3yJbTaTd BHOCHTH Yy TEXHIYHE
3aB/IAHHSL.

4. MaremaTu4He Ta nporpamMHe 3abesmne-
YeHHSI PO3PaxyHKiB

ITin yac po3polusiHHs ABUI'YHA HEOOXIIHO
NPOBOIMTH POOOTH 3 ONTHMI3ALT T ATH Mapa-
meTpis: P . D m.d, Lﬂms. Jlns1 3HAXOKEHHS
ONTUMAJILHOTO 3HAYCHHS OY/1b-51KOT'0 [TapaMeT-
pa HeoOXiHO K MIHIMYM TpH po3paxyHKud MJ]
JUIsL TPOX 3HAYeHb (TPbOX TOYOK) [LOTO rapa-
meTpa. [Ipu 11boMy, SIKIIO TPUITYCTUTH, 1110, BU-
OpaBiiK ONTHUMallbHE 3HAYEHHS SKOTO-HEOYyb
napametpa (Hanpukiaan, tueky B KC) npu no-
CTIHHUX («3aMOPOKEHUX») 3HAYCHHSX IHIITUX
XapaKTepUCTHK, BOHO He Oyje ONTUMabHUM
NpU BapiloBaHHI IIUMH XapaKTepPUCTHKAMH, TO
3arajibHe 4Mciio po3paxyHkiB M/J] (skuio € 6a-
30BUI BapiaHT, Mpo KU Oy/e cKa3zaHo HUKYE)
cTaHOBHTHME k=n"—n""', rae k — 3arams-
Ha KUIBKICTh PO3PaxXyHKiB; n — KiUIbKICTb PO-
3paxyHKiB OJHOrO napameTpa; m — KUIBKICTb
BapiHOBHHUX IapamMeTpiB.

IIpu =3 1 m =35 4YuCIO PO3paxyHKIB
CTaHOBUTH k=37 —3*=162. 3BuuaiiHO, 110
[IpOBECTH Takuil o0csar poOlIT 13 3alydeHHSIM
(haxiBIliB 3 pO3paxyHKIB €HEPreTUIHHUX, Ia30-
JUHAMIYHHX, BHYTPIIIHRO0ATICTHYHHX Xapak-
TEPUCTUK, PO3PAXyHKIB TEIUIOBUX PEeKUMIB 1
MIITHOCTI TIPAKTUYHO HEMOXHBO. [1pu 11boMYy,
SKIO TEOPETUYHO MPUITYCTUTH, IO ONTUMAIb-
HEe 3HAUeHHs MapameTpa nepedyBarume Mix
PO3MISHYTUMH TphbOMa TOYKAMH, TO 3aB/IaHHS
cTae B3araji He3/liCHEHHE.

Ils oOcTaBMHA BHWKIWKAE HEOOXIiIHICTH
PO3pO0IEHHS. METOIMK 1 IIpOrpaMm, 1110 J103B0-
NS10Th B 00OMEKEHHMH cTpok, 0e3 3anmydeHHs
[MUPOKOTo KoJia By3bKHX (haxiBIliB 1 3 JocTaT-
HBOIO TOYHICTIO BH3HAUYUTH XapaKTEPUCTHKH
M/JI. TIpoGiaeMam CTBOpEHHS TaKUX METOIHUK
1 porpam MpoeKTHOro po3paxyHKy Ta BU3HA-
YeHHS XapaKTePUCTHK MapHIOBUX JBHTYHIB
NpUCBSYEHO psiji poOit, nposenenux JIIT «Kb
«IliBgenne» y nepioj 3 2003 no 2019 pp. Ha
mificTaBl IWUX AOCHiIKeHb Oyno po3pobiie-
HO PsiJl HaBYAIbHO-METOJAMYHHUX MMOCIOHUKIB

(HMII) nns aBTOMarW30BaHOTO BH3HAYCH-
Hsl XapakKTePUCTHUK MapIilOBUX JBUTYHIB Ha
TBEPJIOMY TAaJWBiI pakeT Pi3HOTO Kjacy Ta
pU3HAYCHHS.

1. HMII nns pospaxyukis M/l taktuuHux,
OTICPATUBHO-TAKTHYHUX 1 3C€HITHUX Kepo-
Banux paker. Kopnycu nmux MJ] BukoHaHi 3
BUCOKOMILIHUX METAJIEBUX MatepiajiB, coIl-
Ja cramioHapHi. Sk TijBapiaHT PO3TISHYTO
craiioHapi coruia, 3’€QHaHi 3 KOpIycamu
rasoBofiaMM Ul PO3MIIIEHHS Y XBOCTOBOMY
BIJICIKY €/IEMEHTIB KEepyBaHHS PAaKeTU B ar-
mocdepi [4, 6].

Hap4aibHO-METOAMYHHUNE MOCIOHUK arpo-
00BaHO y TAKUX Jiana3oHax MPOEKTHUX Mapa-
meTpis M/I:

— 3a 30BHIIIHIM JliaMeTpoM Kopitycy — Bij 300
110 900 mm;

— 3a Macoro 3apsIy TBepaoro nammsa — i 300
10 3000 kr;

— 3a TUCKOM Yy Kamepi 3ropsHHs — Bij 40 10
150 kre/em2;

—3a yacom podotu MJI — Bix 10 o 50 ¢;

— 3a CTYIICHEM PO3IIMPEHHs cora — Bif 2,5
1o 3.5,

2. HMII nns pospaxynkiB M/ onepatnBHO-
TAKTUYHUX DPAKeT, PaKeT CepeHbOI Ta MiK-
KOHTHHEHTAIBbHOI ~ JaTbHOCTI, paKeT-HOCITB
Kocmigroro mpusHadenHs. Kopriycn mux M|
BUKOHAHO 3 KOMITO3MLIHHMX Martepiaiis, coruia
TOBOPOTHI KepPyBaJlbHI 13 CHCTEMOIO TiIpaBiliu-
HHUX 1 €JISKTPUYHUX MIPUBOJIB |5, 6].

[ls mMeTonmka anmpoGoBaHa H 103BOJISE Be-
cTH po3paxyHkn MJ] y Takux jianasoHax na-
pameTpiB:

— 3a 30BHIIIHIM JiaMeTpoM Koprycy — Bijg 900
1o 2500 mm;

—3a Macoro 3apsay TBEPAOro majuba — BiJl
2100 mo 65000 kr;

—3a TUCKOM B Kamepi 3ropsints — Big 40
1o 120 kre/em;

—3a vacom poboru apuryna — Big 10
o =100 c;

—3a CTYIEHeM PO3IIUPEHHs coria — Bij 2
1o 10.

3. Jlo M]I 3eHITHHUX KepOBaHUX paKeT CTaB-
JSITH BUMOTY [IOJI0 JIBOPEKUMHOCTI poOOTH:
ctaproBui ((popcoBaHmit ) iMapIIOBUH PEKUMH.
VY 3B 43Ky 3 M OYI10 po3poblieHo HaBYAJIbHO-
METOJIMYHUNA 1OociOHUK [3], 1o 103BOJIsIE
BH3HAYMTH YMOBH, HEOOXiAHI Ii BUKOHAHHS
rapaMeTpiB JBOPEKUMHOT jiarpaMu Tiru (BU-
TpaTu), a y BUMAQJAKy HEBUKOHAHHS [IMX YMOB —
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HaJaTH MOJKJIMBI BapiaHTH 3IHCHEHHMX Iia-
rpaM BUTPATHO-TSATOBUX XaAPAKTEPUCTHK PO3-
pOOHUKY pakeTH st BUOOPY HaMOLTBII mpHii-
HSTHOTO.

Vel 3azHaded] METOAUKH [OCTABIEHO HA aB-
Tomatu3oBaHui pospaxyHok Ha 1K i3 rpadiu-
HOIO 1100y10BO10 cxemu M/I.

VY 3arajbHOMY CIPOLIEHOMY BUIUISIL CYTh
PO3pOOIEHUX METOAMK 3BOAUTHCS J0 TAKOIO:

1. BuzHauaiorh nepestik apryMeHTiB, Bijt SIKUX
3aJeKUTh IMYKAaHWW MapamMeTp MapinoBOro
JIBUT'YHA, 1 CTYIIHb IXHBOTO BILJIMBY Ha LIEH a-
pamerTp.

2. BUKOPUCTOBYIOYH OCHOBHI IOJOKEHHS
teopii PATIL, miunocti, teruioodMminy i T. 11,
hopmytoTs ocHOBHI 6a30Bi 1aHi MPO PO3IIISAHY-
THI mapamerp.

3.3 MeTOI0 MNiIBUIIEHHA TOYHOCTI po3pa-
XyHKIB YpaxoByIOTh HasiBHI CTaTUCTHYHI JaHi,
y TOMY HHCI # eKCHepUMEHTAIbHUX J0CIi]-
’KEHB 3 YK€ po3po0ICHUX JIBUTYHIB.

4. IlpoBoasts 0OpOBICHHS OTPUMAHUX pe-
3yJbTaTIB 1 BHU3HAUAIOTh AHANITHYHY 3allekK-
HICTh (JUTs CKIQJHUX 3aJIe/KHOCTEH 3a JIOTOMO-
roio Microsoft Office Excel i Mathcad 15) ais
pO3paxyHKiB Tiei abo iHIIOT XapaKTepHUCTHKH
aBurysa abo Horo Bysia.

5. Busnavarote nopsiiok pospaxyHkis MJ{
1 HOro ckiIazoBUX, po3poOJIsIIOTH Iporpamy
aproMaruzoBaHoro pospaxyuky na IIK. Cran-
JapTHa CTPYKTypa MNpOrpaMu sBis€e€ coOok0
xmcd-aiin, 1o J03BOJSIE HAOYHO BBOJUTH
BUXIJIHI J1aHl, 3aMIUCyBaTH MaTeMaTHYH1 BUpa3u
(dopmymH, 3a71€KHOCTI) Y IXHIH 3arajabHii Tpa-
JUUIHHIA HoTawll (HOpMaJbHOro daraTonoBep-
XOBOIO MaTeMaTUYHOIO PiBHSAHHS), [0 ICTOTHO
CIIPOIIYE 1i BAKOPHUCTAHHS.

[Iporpama 103B0sIs€ BIACTEKYBATH TIPOMIAKHI
PO3paxyHKH, KOHTPOJIOBATH TMPABUIBHICTH OT-
pPUMAHUX PE3yJIbTaTiB, MaTh MOXKIHUBICTH IX MO-
Ju(iKyBaTH Ta BIICTEKYBaTH MOXKIIHBI TTIOMHJI-
KU, JIONy1IeH] 1mij1 yac BBeeHHs: (hopmyit abo i
qac CTBOPEHHA caMOi MaTeMaTHYHOT MOJIEITI.

ITicns BBexenns B IIK npoexkTHHX mapame-
TPIB, 110 3a/aI0ThCSl, @ TAKOK XapaKTEPUCTUK
najuBa, MaTepiajiB KOHCTPYKIlii, YMOB poO-
0oru po3paxyHok xapakrepuctuk MJI BinOy-
BAETHCS NMPAKTUYHO MUTTEBO 3 BUBCJCHHSIM 1X
Ha JIPYK, BKIIIOYAKOYM rabapuTHy CXeMy map-
moBoro jasuryHa. Ilpu subopi ontumanbHux
MPOEKTHUX MapaMeTpiB, KOJTH YUCIIO BapiaHTiB
00YMCIIOETHCS  JIECATKAMH, XapaKTepPHCTH-
KM TajuBa, marepianiB, yMOBH poOOTH BBO-

JSITh OJIMH pa3, 3MIHIOIOTHCS TiIbKMA 3HAYEHHS
BapiifoBHUX mnapamerpis. Jus 1mporo po3pob-
HUKY MJl HeoOxiHO 3HATH Jiana3oH Bapiro-
BaHHS MapaMeTpiB, SKUH BU3HAYAIOTh Pa3oM 3
PO3pOOHUKAMU PAKETH.

5. Busnauenns Jianasony BapiloBaHHs
NPOEKTHHMH NapaMeTpamMu

Jlns BHU3HA4YCHHs Jiana3oHy BapilOBaHHs
MpoekTHUX napametpie MJ1 HeoOxiauuii 6azo-
BHUH BapiaHT pakeTd 3 TONepeJHIM BU3HAYCH-
HSM 11 XapakTepUCTHK BUXOISYU 13 3aJlaHUX
BHMOT /IO 3HAQUYCHHS KOPUCHOTO BaHTAXKY, Jlajlb-
HOCTI CTpUIEOM (abo 1HIIOrO OaXICTHYHOIO
KpUTEPIIO), PIBHS HNPUAHSTUX XapaKTEPUCTUK
najuBa i MarepiaiiB KOHCTPYKIIii.

Y npunnuni 0azoBuil BapiaHT Moxke OyTH
chopmoBaHMii 3a TOMOMOTOK aHATITUYHUX 3a-
JIEKHOCTEM, MPOTIOHOBAHUX Y 3rajlaHuX BHIIE
poborax [1, 2, 6]. llpore uel wsx Moxe
MTPU3BECTH JI0 ICTOTHUX MOMMIIOK Y BU3HAYEHHI
Horo xapaxkrtepuctuk. Harpukiaj, BH3HAYESH-
HS JIaNbHOCTI CTPLTEON MOBMHHE TIPOBOTUTHCS
He 3a JOTMOMOTOK0 aHalITHYHUX 3aJI€KHOCTEH,
a TPSIMHUM 30BHIIIHBOOANICTHYHUM PO3paxyH-
koM. Ile Tim GinpIlie BaKIUBO. 1IO B II€H 4Jac
i 4ac po3poOIsiHHS PSJy PAKeTHHUX CHCTEM
BUKOPHUCTOBYIOTh HE TLNBKK OamicTHuHY, ane i
aepolaiCTUYHY TPAEKTOPIIO TOJIBOTY, 3a SKOT
pakera abo i BIIOKpEMJIIOBaHA YacTHHA PO-
OuTH MaHeBpH ( y TOMY YMcii i B atmMocdepi).
Buzuauaru 3 HeoOXiHOI TOYHICTIO JAJIBHICTh
MONTLOTY TAKHUX PAKET 3a JIOMOMOTO0 aHAIITHY-
HHX 3aJIeKHOCTEH HEMOMKIIUBO.

JIT «Kb «IliBgenne» mae BEIUKHEA T0CBiJ
CTBOPEHHSI PpaKeTHUX CHUCTEM 1 MapIIoBHX
IBUTYHIB Pi3HOrO Kiacy. Takum 4MHOM, Xa-
pakTepucTUKu 0a30BOr0 BapiaHTa HEOOXITHO
BU3HAYaTH 3 ypaxXyBaHHSM HasiBHOTO JOCBiaTY,
Ha MIJACTaBl po3pO0ICHUX METOHK 1 3 000B A3~
KOBHMM ITPOBEICHHSM TIPSIMOTO 30BHIITHBOOATI-
CTHYHOTO PO3pPaXyHKY.

[Ipu Bubopi OazoBoro BapianTta xapakrepu-
ctukd MJI, 110 BU3HAYaKOTh BUIJISI PAKETH,
3HAXOJATH HE 3a JIOMOMOTO CTATHCTHYHUX J1a-
HHUX, @ PO3PaxyHKOM, MTPOBEJICHUM 32 METO/HU-
KaMU, BUK/IQJICHUMH Y [ONEPEIHBOMY PO3LIL,
o 1e Oinblne NiITBEPAUTE OOIPYHTOBAHICTh
XapakTepucTHK 0a30BOT0 BapiaHTa.

[Ticiis Bubopy GazoBoro BapiaHta paxerw,
a omKe — 1 mapameTpiB, 1O MiAATalOTh OIl-
tamiszauii (P, D, m, d . me)= MPU3HAYAIOTH
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Jliaras3oH 1X BapitoBaHHS /Uil BU3HAYCHHS OTITH-
MaJIbHUX 3HAY€Hb, SIKUH 3BUYaHO CTAHOBUTh
+15-20 % Ga30BuX 3HaYEeHBb. 3aCTOCYBAHHS i
gac OnTHMIi3anii JUIs po3paxyHKiB 0OpaHOoro
KpUTEpIito (y 1IbOMY BUNIAJIKY JIalbHICTh CTPLIb-
Ou L) eMIipHYHAX 3aleKHOCTEeH HE MpUHHAT-
He, sIK 1 111 4ac po3paxyHkiB 6a30Boro Bapias-
Ta, Yepe3 IXHIO My TOUHICTb.

V npakrtuii podit OyBalOTh BUIIAIKH, KOJIH
MPOBOAATH OLIHKY 3MIHM JalbHOCTI CTPiIbOH
1pu 3MiHi Oy/1b-SKOro napamerpa, 110 BIUIUBAE
Ha HbOTO (MacH KOHCTPYKIII, MajauBa, MHTOMO-
ro iMITyJIbCY TSATH, CEKYHJIHOT BUTpATH) 3a J0-

. aL oL
MNOMOTI'0OK) YACTHHHHX TTOX1JIHHUX a " a— .
oL oL Ty o

om ol
KOHCTp IHT.0

[Tig wyac onruMizailii MPOSKTHUX Iapame-
TPIB BUKOPUCTAHHSI YACTUHHUX MOXIIHUX He-
MOJKITMBE 3 TAKUX MPHYNH:

— YACTHUHHI IOXIIHI MOJKHA BUKOPHCTOBYBA-
TH y By3bKOMY jiana3oHi, TOOTO B HAHOMMXKIO0-
MY OKOJIY 3MIiHIOBAHOTO IapaMeTpa;

— JUIsl PO3PaxXyHKIB YaCTHHHUX MOX1JHUX O]
HAKOBO NMOTPiOHE MPOBEJICHHS MPSIMHX Oaic-
TUMHUX PO3PAXYHKIB.

6. Busnauenusi onTHMAJIBLHHX apaMeTpiB
ABHI'YHA TA PAKETH

3nayHui obcAr po3paxyHKiB i 9ac mo-
LIYKY ONTUMAJbHOI CYKYMHOCTI Ta BEJIMKOI
KUTBKOCTI TIPOCKTHHX MapaMeTpiB, 00yMOB-
JeHUX OOpaHUM KPUTEPIEM, MOYKE NPOBOJIU-
THCS 3a JA0MOMOTOI0 aIrOPUTMY ONTHMI3aAIii,
HaIMpUKIaJ] FeHeTUYHOIO alrOpuTMYy, peani-
30BaHoro B joxarky Optimization toolbox 3
naketa nmporpam MATLAB. V pesynsrati po-
3paxyHKiB BapiaHTiB pakeT 3 pO3paxOBaHUMHM
Bapiantamu M/l 3a 3a3HaueHUMH B PO3ALTI
METOJIMKAaMH y 0araroMipHOMy IpPOCTOPO-
BOMY 300paKeHHI 3 MBISE€TLCS PSIi TOUOK
3 eKCTpeMaJbHUMH 3HAYeHHSMHU OOpaHOro
KpUTEpilo (HalpuKiaJ, AajlbHOCTI CTPijib-
ou). Y pesynbraTi gochipkeHHs obiacTi 3
MaKCHUMaJbHUMU 3HAYEHHSIMU OTPUMAHUX
EKCTPEMYMIB 3a JI0IOMOIr0I0 3a3HA4EHOro ajl-
FOPUTMY 3HAXOJUMO ITT00aTbHUN eKCTPEMYM
3 BIIMIOBITHUM KOMILIEKTOM Habopy 3Ha4eHb
BapIHOBHUX MapaMeTpiB.

Jlng po3B’si3aHHS Takol 3agadi HEoOXiaHi
TaKi nporpamu:

1. I[IporpamMa aBTOMaTH30BAHOTO PO3pPAXyH-
Ky MapIIOBOIO JABUI'YHA HA TBEPAOMY MaJIMBI.

2. IlporpaMa aBTOMAaTH30BAHOTO PO3PaXyH-
Ky XapakTepUCTHK PaKeTH, CTOIydeHa i3 Mmpo-
IPaMOIO MPSIMOTO 30BHINTHBO0ATICTUHHOTO PO3-
paxyHKy KpUTEpito e)eKTHBHOCTI.

3. Komm'rorepauit  gogarok  Optimization
toolbox.

L1i mporpamu moBHHHI Oy TH 00’ €/THAH1 B O/THY,
SIKOIO TIOBUHEH KOPUCTYBATHUCS OJIUH OHEpaTop,
1 11e, 3BHYAHO, MOBUHEH OYyTH MPOEKTAHT-
PO3POOHHUK PAKETHOI CHCTEMU.

[IporpamMu  aBTOMaTM30BaHOTO pO3paxyH-
Ky MaplIOBUX JBUIYHIB PI3HOTO NPU3HAYSHHS
po3pobieni, naker nporpam MATLAB € na
JIT «Kb «IliBaenney. ¥ To# e yac nporpamy
ABTOMATHU30BAHOIO PO3PAXYHKY PAKETH, CIIOJTY-
YEHY 13 MPOrpaMor0 30BHIITHBOOATICTHYHOTO
PO3paxyHKy, e HeoOxigHo Oyae po3poOHTH.
UYepes 1o oOcTaBuHy 3 ypaxyBaHHsIM HeoOXi/1-
HOCTI pO3paxyHKy 3Ha4HO1 KIJIbKOCTI BapiaHTIB
PO3B’sI3yBaHHS 3ajiadl 3HAXOKEHHSI 17100alib-
HOTO OTITUMYMY 3a IOTIOMOTOI0 alTOPHTMY, pea-
nizoBaHoro B fojatky Optimization toolbox 3
naxkera nporpam MATLAB, y et yac He MOXK-
JUBO.

IIpore BuxoasuM 3 OaraTopidvHOro JOCBIAY
JUI «Kb «IliBnenne» 3 ypaxyBaHHSM 0CO0-
JMBOCTEH IMPOEKTYBAHHSI PAKETHUX CHCTEM 3
MapUIOBUMH J[BUIYHAMH HA TBEPJIOMY MAJIHUBI
KITBKICTh PO3paxyHKiB 3 BHOOpY ONTHMaIb-
HHUX MPOEKTHUX MapaMeTpiB MOke OyTH 3HAYHO
CKOpOYCHA.

7. Ocob6MBOCTI NMPOEKTYBAHHSI MapIio-
BHX JIBHT'YHIB i paKeT HA TBePAOMY NaJIHBI

SIKk 3a3Hauanocs BUINE, BHUIH IJILOBUX
dyHK1# (KpuTepiiB e(peKTHBHOCTI) HE € He3a-
Je’)KHUMHU OJIMH Bij ofHoro. [Ipu BukopucTaH-
Hi DaIICTUYHOIO KPUTEPIIO BPaXOBYIOTh 1 1HIII
1iTHOB1 QYHKIIT, Y TOMY YMCIi BUPOOHMUHE i
[IPOMUCJIOBUI HApOOOK, HEOOXIIHE BCTATKY-
BaHHS ¥ OCHAIIECHHS, BUMIPIOBAJIBHY anapary-
py H iHCTpyMEHTapiii.

Tyt pocurh HIKABO PO3MISIHYTH 1CTOPIIO
CTBOpPEHHSI Tepmux OanicTUYHUX pakeT Yy
CPCP — 8A11 (ananmor ®AY-2), 8438, 8K51,
8K63. Pakera 8K63 nepesuirye 8A1l 3a crap-
TOBOIO MACOI0 Maiiyke B TPH PasH, 3a JaIbHICTIO
cTpLILOU — Maike B ¢iM pa3. Y To# ke Jac iX-
Hilt miamerp (gx i paket 8XK38 i 8K51) crano-
BUTH 1652 MM, [IO MOSICHIOBAJIOCS HasIBHICTIO
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BUPOOHHYIOrO HapoOKy. I TINBKH Mmix vac pos-
poOustiHs pakeTH 8K65 3 Macoro Ta JajabHICTIO,
110 TIEPEBUIILYIOTh Macy Ta AanbHicTe 8K63 B
~2 pas3u, OyB 3/ilCHEHMI mepexia 3 JiaMerpa
1652 mm Ha giametp 2400 mm.

Jpyruit  npuknaa. Tpuctynminuacra pa-
kera 15)K61 (3anmisHMYHHI KOMILIEKC) Mae
aiamerp ycix cryneHiB (I ABUIYHIB) TOH ca-
Muit — ~2400 MM, XoYa 3 TOMISAY KPHUTEPIrO
ONTUMAIILHOCTI JPyruil, a TUM Olibllie TpeTii
CTYTIeHI TOBHHHI Oy TH BUKOHaH1 B MEHIIIOMY Jlia-
meTpi. Tyt cBOIO posib 3irpaa He ONITUMAIBHICTh

pakeTH, a OOMEXKeHHS Ha 11 PO3MIIICHHS
(3a JOBKHHOIO) Y 3aTiI3HMYHOMY BaroHi.

Takuit sKe MiAXiL AOTPUMYBAIH 10 Oljib-
MIOCTI TAKTHYHUX 1 ONEepaTUBHO-TAKTHYHUX
paKkeT — y Tepury uepry Ha JiaMeTp BIUIHBAE
He OamicTUuHMi (akTop, a MPOMUCIOBHI Ha-
poboK, rabapuTHi OOMeKeHHs, KITbKICTh pakeT
HA TPAHCIOPTHO-ITYCKOBIN MaliMHi # T.11.

Y mpaktuili He OyJ0 BMMAJKIB ONTHMi3a-
il TBEpJONAIMBHUX pakKeT 3a JiaMeTpoMm, 3a
BUHATKOM TOro 4acy, koiau Ha JIIT «KB «Ilis-
JICHHE» Tovanucs pobOTH 3 TBEPOTAIUBHOTO
HampsMy ¥ Kol He Oyno jKOIHOT CTaTHCTHKH
Ta YKOHOTO0 BUPOOHUUOI0 HApoOKy 3 i€l TeMa-
THKH. Y [BOMY BHIAJKY JAiaMeTp JABHUIYHA, 5K
NPaBKJIO, /IO ONTUMI30BYBAHUX MApaMeTpiB HE
BXO/IMTb, 3aBASKH YOMY KIIBKICTh PO3PaxyHKIB
CKOPOYY€EThCSI BTPOE. BUHATKOM TyT 1HOZI MO-
KyTb OyTH MJI 3eHITHUX KepoBaHUX pakeT abo
paKer, 110 MPaIolTh Y MOAI0HUX yMOBaX.

VY poborti [1] po3risHyTo npukiajg pospa-
XYHKIB MI)KKOHTUHEHTAJIBHOI TPUCTYTIHYACTO]
paketu. Bucora 3akiHueHHs poOiT ii cTyneHiB
CTAHOBUTE:

— mepmui cTymiab — ~30 — 35 kM

— APYTH# CTYIiHb — ~70 KM;

— TpeTii cTyniHb — ouibie 100 kM.

ArmocdepHuii THCK P, Ha LUX BUCOTAX JJIst
NepHIoro Ta JAPYroro CTYNeHiB CTAaHOBUTH Bijl-
nosiaao 0,012 u 0,0005 kre/em?, a juist TpeThO-
ro — MPaKTHYHO BIJACYTHIN. Y pesynsrari npo-
BEJICHUX PO3PAXYHKIB Y 3a3HAYEHOMY MPHUKIa/i
ONTHUMAJIBLHUNA THUCK HA 3pi3i comna (s 3a-
Oe3rnedyeHHs po3paxyHKoBOro abo OIM3bKOro
[0 HBOTO PO3PAXYHKOBOTO PEKUMY BHTIKAHHS
MIPO/IYKTIB 3rOPSHHSA) CTAHOBUTH 32 CTYIIEHSIMH
0,6:; 0,15 1 0,08 krc/em®.

Y TO# ke yac, [KII0 B3SATU TPUCTYIIHYACTY
pakery 15)K60, To THCK Ha 3pi3i comen MJ]
HepuIoro, JAPyroro Ta TpeTboro CTyneHiB cra-
HOBUTH Bignosiano 0,9; 0,25 u 0,125 kre/em?.

Omun 3 pospodmennx JII «Kb «IliBaen-
HE» MapUIOBUX JBUIYHIB OIEpaTUBHO-TAKTHY-
HOI pakeTH Tpallfoe IOYMHAIOYM 3 TOBEpPXHI
Bemni (P, =1 krc/cm’) 10 BHCOTH =25 KM
(P,=0,02 kre/em?) 3a THCKY HABKOJIMIIHBO-
IO CEepe/oBHINA Ha CEepeaHid BHCOTI aKTHB-
HOro Biapizka Tpaektopii (k=12 kM), 1mo
nopisaioe = 0,2 xkre/em®. 'V Toit ke wac Ha
3pi3i comia [bOTro JIBUFYHA THCK CTaHOBUTH
=~ 1 kre/em?.

SIk BUZHO 3 HABEIGHNX JaHUX yCi coma Iux
JIBUTYHIB SIBHO HEJAOPO3IIMPEHI, 1110 BHKJIAKA-
HO B OUIBINIOCTI BAMAAKIB HEOOXTHICTIO 3MEH-
HIeHHS JiiaMerpa 3pi3y coruia (MOpiBHAHO 3
Horo onTUMalbHUM 3HAUEHHSIM) yepe3 odme-
KeHHS1 00’eMa — 3a JIOBKHHOIO Ta JliaMeTpoM
— XBOCTOBOI'O BiJICIKY paKeTH ITi/1 yac HOro KoMm-
nonysaHHs. lle, mo-nepie, noscHoe, YoMy B
TEeXHIYHOMY 3aBJIaHHi Ha po3pobneHHs M/ mo-
CTaBJICHO BUMOT'Y JI0 JllaMeTpa 3pi3y coIula, a He
710 TUCKY Ha HOro 3pi3i, 1, mo-Apyre, A03BOJs€E
OIITUMI3ALIIO a’a B3araji He NPOBOAUTH, a Opatu
HOro MakCHMasIbHO MOJKITMBUM 3 YMOBHM KOM-
TTOHYBaHHSI, 3aBJISKH YOMY TaKOX 3HIKYEThCS
KIBbKICTh po3paxyHkis Ha BuOip OIIL

Y posaini 4 ckazaHo, 10 SKII0 BUOpaTH OM-
TUMaJIbHe 3HA4YEHHS SKOro-HeOyab napamerpa
MIpA TIOCTIHHUX («3aMOPOKCHHUX)» ) 3HAYCHHSX
IHIOMX XapaKTepUCTUK, Harpukiajg, 0a3oBOro
BaplaHTa, TO BOHO HE Oyle OnTUMalIbHUM [PU
BapiloBaHHI IIMMH THITAMH XapaKTePUCTHKAMH,
YUM TIOSCHIOETHCS TaKa BeJIMKa KUIbKICTh po-
3paxyHkiB. [Ipote mpaxkTtuka nmokasye, 1o, Ha-
MPUKIIaj, TUCK Y KaMepi 3rOpsHHS 3aJIe/KUTh HE
TUIBKM Bij napametpis M/, a B nepiy uepry
BHU3HAYAETHCS MUTOMOKO MIIIHICTIO MaTepiajiB
KOHCTPYKIIIT (YAM BHIIE TUTOMA MILIHICTh, THM
suie ontumaneauii THCK y KC) i ymoBamu po-
00T ABUTYHA, TOOTO HOMEPOM CTYTIEHs (OMNTH-
MaJbHUN THCK y KaMepl 3rOpsiHHsL 3a CTYIICHS-
MU, TTOYMHAIOYH BiJ1 IEPLIOTrO, 3HUKYETHCS ).

VY ubomy Bunajxy BHOIp IMPOEKTHHMX Iapa-
METPIB IMPOXOANTH JIBOMA €TalaMu:

1. BusHa4aioTh ONTHMAalIbHUM THCK Y Kamepi
3rOpsiHHS 3a MOCTIMHUX IHIINUX MapaMeTpis Oa-
30BOTO BapiaHTa. PO3po0OHHMK yTOUHIOE Xapak-
tepuctuku ML s P =P _ .

2. [IpoBosTe ONTHMI3ALIIO IHIINUX TapaMeT-
pisupu P =P __ .

V upomy BHUNAJKY KUIBKICTH BaplaHTIB, fAKI
nepeOuparoTh, AKINO € TOUKH 6a30BOrO BapiaH-
Ta, CTAHOBUTHME JECSATH (JIBa BapiaHTH ist
P BuOopy # BiciM mipu BapitoBaHHI i BUOOPI

KON
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YOTUPHOX MapameTpis — D, m, d . Enm ). Ilpu
NOCTIHHMX 3HAYEHHAX D 1 d —1IIiCTh BapiaHTiB.
Taka KiJTbKiCTH BapiaHTIiB MOKe OyTH mepeli-
YeHA B NPUHHATHUIA TEPMIH 1 IPH BIZCYTHOCTI
nporpaMu aBTOMaru30BaHOTO PO3PAXyHKY pa-
KeTH Ta KOMII'1oTepHoro aojaarka Optimization
toolbox 3 makeTa nporpam MATLAB.

[Tpu BuGopi OIIII ciijt joTpuMyBaTUCs 00-
MEXKEHb, K1 MOKYTh BHSIBUTHCS B Jliana3oHl
BapitoBaHHA SKOT-HEOY1b XapaKTepUCTHUKH. J10
HUX MOJKHA Bi/THECTH 0OMEKEHHS 3a IIBHUJIKIC-
TIO TOPiHHA 00paHOro MajuBa, 4yacoM poOOTH
MJI i, oTKe, CeKyHJHOIO BUTpATOK, 0OMe-
KEHHS 3a JIOBKHUHOIO JIBUTYHA, 30KpeMa, cTe-
neHeM 3ariaudJIeHOCT] corla B KOPIycC i T. II.
3a OTpUMaHUMHU pe3yibTaTaMu ONTUMI3ALT
Ta 3 ypaxyBaHHSM HasBHUX OOMEXeHb Mpo-
BOJIITH PO3PAaXyHOK MapIIOBOIO JIBUI'YHA Ta

pakeTH B IiJoMY AJsi 0OpaHuX 3HaYEHb MPO-
eKTHUX napamerpiB. OTpumMani pesylibraru
BHOCSTH Y TEXHIUHE 3aBJaHHS Ha po3polieH-
HS IBUTYHA.

8. llopsinok pospodaennss M/ micias Bu-
nycky ta norogxenus T3

[Ticnst orpumaHHS TEXHIMHOIO 3aBJAHHS
po3pobHuk MJI TpOBOAMTH YTOUHEHHsI Tpo-
EKTHO-KOHCTPYKTOPCHKUX PIllieHB (SIKIO € TOo-
Tpeba) i (opMye BHXIAHI JaHI Ta BUMOTH 0
CIIELAI30BAHUX I1PO3/11TB-PO3POOHHKIB
npuryHa. PospaxyHOK 1UX BHXIJHUX JaHWX HA
JIT «Kb «ITiBnenHe» aBroMard30BaHHM 1 Mpo-
BoauThes Ha 1IK [7]. Tunosy Onok-cxemy pos-
pobnenns M/J1 micas otpumanas T3 mogaHo Ha
PHUCYHKY.

Amnaniz sumor T3,

Bunaua BJ1 i sBumor

Otpumanns T3 YTOUHEHHS POEKTHO- J10 PO3POOHHUKIB iacHCTEM
BiJ pO3pOOHHKA PAKETH |- KOHCTPYKTOPCLKUX - MJ1 i pozpaxosysauin
pillieHs CHEPreTHYHUX XapakTepucTHi
[poekTyBaHHs Ta PO3PaxyHOK
[ Ipunumnosa cxema M/, Tun i s ¢ : niacuc i
K‘Op nvLﬁl:v conia. K ‘Hm;c[::l Mapka RoHCTpyXUlig, 16 -\ﬂpalfﬁl‘MCTHK 'I’I'IAC'HLT:E% i
p] ycy, cona, E; ap ni03axucki i eposiii- nrﬁ’)g M}. BAHHA X MiX l.:.’) 01-I0. Bunaua B/
nr( Ka TIepEeHBOTO JIH Hr TB(".‘pa‘lO‘fU Hocrilfki Marepiam 03PaXyHOK CHEPIeTHUHMX. 218 PO3PAXY HKY TETIOBHX
1@ (nepeanboro auuma)| | nanmea _ rasoMHaMiMHUX = pexnMis i MitmocTi
' ' t 1 BHYTPIITHBODAICTHUHHX nizcuerem MJT
xapakrepucrik MJ1 *
4 PospaxyHok
1 Y * t TEMIOBHX PEKUMIB
K " ” nizcucrem MJT
3aps TBepAOro . PHLIKA JIOKa i TXHBLOT MilocTi
T Kopnye Comno MEPEIHBOTO AHUILA
(nepenue anume) +
] ] ] [} Y1ounenns
| xapaxrepuctur M1
Bujaua pesyasraris
pospodients MJL
PO3pOOHHKY pakeTH

Puc. 1. [lopanok npoekryBanus MJI (Tunosa 6nok-cxema)

Moske TpamuTHCS, 11O Micas podiT, mpoBe/e-
HUX SIK PO3POOHHKAMHU pakeTu, Tak 1 po3pod-
HUKamu By3niB MJI, pospaxoByBauaMu eHep-
IeTHKH, BHYTPIIMHLOT OaJICTHKH, TEIUIOBUX
PEKUMIB 1 MILIHOCTI, XapaKTePUCTUKH ABUIYHA
MOXKYTh 3MiHUTHCA. SIK TMoka3ye JocBif podiT
IIT «Kb «IliBgeHHe» i YHCIEHH] CTAaTHCTHYHI
JaHi, KpuTepii e()eKTUBHOCTI PakeTHOI CHUCTe-
MH, HanpuKiIag JadbHICTH CTpinsOn L, MoKe

3MIHWTHCS, ajle HEe 3MIHUTE MicIle eKCTPeMyMY
BIZIHOCHO paHilile BapiHOBHUX Mapamerpis. ¥
pasi, KO 3HAYEHHS BUSBHTHCS HIKYE HE0O-
X1JTHOTO, SIK IPABUIIO, KOPEKTYIOTh Macy TBep-
noro nanusa. Lle Bi10yBaiocs HEOHOPA30BO B
MpaKkTHIN poOiT i Yac CTBOPEHHS MapiIoBOro
nsuryna 3J165. 301ibIIeHHs MacH IajiMBa cra-
HOBWJIO BiZ 2 10 4 %. [Ipuyomy B neskux Bu-
najkax Iie KOpeKTyBaHHs Oylo MpOBEAEHO Ha
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eTarni po3poOieHHsI MPOEKTHO-KOHCTPYKTOPCh-
KOT JIOKyMEeHTaIlil, TO B iHIIHX — Ha eTarli, KOJIx
BKe OyJ10 CTBOPEHO 3HAYHUH HapoOOK 3 BUPOO-
HUYOTO OCHAINECHHS 3 BIAMOBIIHUMHA (piHAHCO-
BuMH BUTpatamu. Llel daxr e pa3 ropoputh
npo 0coONUBY BaKIHMBICTH POOIT, MPOBEACHUX
Ha eTari NouIyKOBHX i IPOSKTHUX JIOCIKEHb.

9. Anaui3 iHmux KpurepiiB epeKTHBHOCTI
MAapUIOBHX JABUI'YHIB HA TBepAOMY NAJHUBI

[TpuiinaTi xkpuTepii eQeKTUBHOCTI Mapuio-
BUX JIBUI'YHIB 1 pAKETHUX CHCTEM Ha TBEPIOMY
nanuei po3rsHyTO B po3aini 3. [pu upomy KE
JUISL IBUTYHIB HE MOKYTh OyTH CaMOCTIHHUMHU
i BIJOKpeMIICHUMHU Bij KputepiiB edexTus-
HOCTI pakeTu Xoua O BUXOJSUHM 3 TOTO, 1110 Maca
CHOPSKEHUX JABUTYHIB JUIs OIHOCTY IIHUACTOT
pakeTH ¢cTaHOBHTH 10 = 70 % Bij 11 MacH, a Juis
MBP — 10 = 85 %.

OueBu/IHO, /ISl CHPOIIEHHS PO3PAXYHKIB 1
3MEHINEHHS 1X 00csary psa aBTopiB [6] mpomo-
HytoTh BBecTH Takuii KE s PJITII:

re Iy, CyMapHHH IMIYJbC TATH B Ty-

CTOTI; m__— Maca CIOPSUKEHOTO JBHIYHA;

m
o =—>"% — goedilliecHT MacoBOi JOCKOHa-
m

J0CTI ﬂénryna.

Bijpasy  Brajae B 0ko Toi (akt, sKuii aB-
TOPH BH3HAIOTh, IO MPONOHOBAHUN KpUTEpii
HE OB’ 3aHUi 3 napamMeTpaMu pakeTH i ymo-
BamMH 11 nmosboTy. TyT HEoOXiHO pPO3pi3HATH
BIJIMIHHICTbD BijI KPUTEPIIO e(hEKTUBHOCTI JBU-
TryHa y cxnanj pakeTH Bijl HOro eHepromacoBoi
JIOCKOHAIIOCTI, K2 MO)KE€ BU3HA4aTHCs BUpa-

TTHT.I
1+ a
TH Macy MajiuBa, 30inblIyBaTi Macy JABUIYyHa U
paxkeTH 31 30LIbIICHHSM 11 JaJIbHOCTI CTPLILOU
(pHM 1IbOMY KpHUTEpIl HE PO3ITISIatOThCS) Ha-
BiTh IPH IMOCTIHHOMY 3HA4YeHHI IOKa3HUKA &
(sikuii npu 3011bIICHHI MAcH HAa/luBa Ma€ TeH-
JICHITIIO0 /10 3HWKEHHS) 1 MPHU [IbOMY 3aJMIIaTH
npornorosanuii KE ne3sminaum.

Jlns GinbInoT NEPEKOHIMBOCTI PO3ITISTHEMO
TPH BapiaHTH JBHTYHIB 3 MOCTIHHUM 3HAYCH-
HSIM [PONOHOBaHOIO Koedimienra edexkTus-

3om K = . Moxna 0e3mexHO 301IbInyBa-

K= m om m}; —= HOCTi Ta MPOBEAEMO PO3paxyHKH AalbHOCTI
ot 3 Homop cTpinbOu pakeru 3 numu asuryHamu. Pospa-
7 7 XyHOK TapaMeTpiB MPOBOAUTHMEMO Y BY3b-
= twra™s _ Zwn KOMY Jiafna3oHi CTapTOBUX Mac, IPU SKOMY
m +am  l+a MOXKYTb OyTu 30epeikeHi jaiameTp pakeTH,
Tabmum 1
Pesyibraru po3paxyHKiB JaibHOCTI CTPLILOU 11pu noctiiiHomy 3HadenHi KE
HaiimenyBaHms 3HauCHHS
XapaKTCPUCTHKH Bapianr 1 Bapianr 2 Bapianr 3
Maca ronoBHOT 4aCTHHU ¥ €IEMEHTIB KOHCTPYK-
1ii paKkeTH, 3a BUHATKOM Macu KOHCTPYKILii Map-
IIOBOI'O JIBUT'YHA KI 500 500 500
Maca 3apsy TBEpIOro najmsa, Kr 1000 1100 900
Maca koHcTpyKii M/, kr 100 110 90
Maca cropsi/pKeHOro JBUI'YHA, KI 1100 1210 990
Maca pakern, Kr:
— [I0YaTKOBA; 1600 1710 1490
— KiHIleBa 600 610 590
[TuroMuit iMITYJIBC TSTH B IIYCTOTI, C 260 260 260
[TportornoBanmii KoeilieHT eheKTUBHOCTI, C 236,36 236,36 236,36
[1IBukicTh lionkoBCchKOTO, M/C 2502 2588 2363
[IIBuAKICTE MOXLOTY PAKEeTH HANPUKIHIN AKTUB-
HOT'O BiJ[pi3Ka TpaeKTopii, m/c 1746 1816 1641
JlanpHICTE CTPUILOH, KM 332 364 286.6
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MacH eJIeMEeHTIB 11 KOHCTPYKIIil, 8 TAaKOK I'OJIOB-
HOT YacTHHH, 32 BUHATKOM MacH KOHCTPYKIIT
JIBUTYHIB, Ky OyZ1eMO pO3paxoByBaTH MpH TO-
CTifHOMY Koe(illieHTI MacoBOT JIOCKOHAIOCTI &.
L1i po3paxynku HasejieHo B Tabu. 1.
Sx BugHO 3 Tabn. 1, npu ToMy camomy 3Ha-
genni KE paneHicThs cTpiibdM iCTOTHO 3Mi-

HIoeThes (10 27 %) yepe3 pi3HUH 3amac rnajiuBa
Ta CTapTOBOI MACH PAKETH.

Po3rnsHemMo Temep TpW BapiaHTH pakeTH 3
MNOCTIHHOIO CTapTOBOIO Macow M MOCTiIHHOIO
MAacoI0 CHOPS/PKEHOTO JIBUT'YHA, ajle 3 PI3HUM

MTATOMUM IMITYJIBCOM TATH B MycTOTI (Tabmd. 2).

Tabnuns 2

Pesynbrarty po3paxyHKiB paKeTHOI CUCTEMH 3 IIOCTIHHOIO MACOIO CIOPSIKEHOIO JBUIYHA
# PI3HUM IIUTOMHM IMITYJILCOM TATU B ITyCTOTI

HailimenyBanus 3HavCHHS
XapaKTepUCTHKH Bapianr 4 Bapianr 5 Bapianr 6
Maca roioBHOT HaCTHHU # €JIEMEHTIB KOHCTPYK-
il pakeTw, Kr 500 500 500
Maca 3apsijy TBEpAOro najiusa, Kr 1000 1000 1000
Maca KOHCTpYKIIT ABUTIYHA, KT 100 100 100
Maca cniopsykeroro M/, xr 1100 1100 1100
Maca paketu, Kr:
— [104aTKOBA; 1600 1600 1600
— KiHLeBa 600 600 600
ITuroMuit IMITyZIBC TATH B ITYCTOTI, C 260 250 270
CyMapHuii iIMIyJIBC TSI B ITYCTOTI, KI*C 260000 250000 270000
ITpononosanuii KE, ¢ 236,36 227.27 24545
[IIBukicTs IlionkoBCchKOro, M/C 2501,7 2405.5 2597.9
[IBuAKiCTE MOMBOTY paKeTH HANPUKIHII AKTHB-
HOI'O Bijipi3Ka TpaeKkTopii, m/c 1747.30 1673.64 1824.10
JlanpHICTh CTPLTHOH, KM 332,90 300.83 367.00

SIK BUAHO, Y LBOMY BHMQJKY TCHCHIIIS
3MiHM  KoediiieHTa e(eKTHBHOCTI JBUI'YHA
30iraeTbes 3 TEHJEHLIEI0 3MiHM KoedilieHTa
e(eKTUBHOCTI pakeTH — JaJbHOCTI CTPiIbOH,
TOOTO criocTepiracThes IKiCHA KapTUHa, ajie He
KinekicHa. Tak, sikio y BapiaHTi 6 MOpPiBHSIHO
3 BapiaHToOM 5 JajibHiCTh CTPiIbOM 30i1bIKIIa-
cst Ha = 22 %, 0 KE — na = 8 %. Kpim Toro,
NPONOHOBaHKM Koe]illieHT eeKTHBHOCTI Ha
BIJIMiIHY Bijl po3misiHyTuX y posain 4 (6ani-
CTHYHHH, YaCOBMiA, BapTICHUM 1 T.1.) HEe HECe
Oy/1b-s1KOT 3MICTOBOT 1H(OpMAITii.

KpiM nporo npuitHsatTs koedimienra edex-
TUBHOCTI K =—"%L [PU3BOAUTH IE O PAIY

1+
HEBIAMOBIHOCTEN.

MapmoBiIBUTYHH TAKTHYHUX, OTICPATHBHO-
TAKTUYHUX, 3€HITHUX KEPOBAHUX PAKeT, paKeT
KJIACy «IOBITPS-HOBITPS 1 «IOBITPSI-3eMIIsD),

M/l mepmux CTyneHiB CTpaTreriuHux paxeT
1 paker KOCMIYHOIO NPU3HAYEHHs Mparro-
I0Th MPU THUCKY HABKOJIMLIHLOTO CePeOBHUIIA
(armocepHOMY THCKY). Y 1bOMY BHUIAIKY
NparHeHHs MiABUIUTH TponoHoBanuid KE
32 paxyHOK NMHUTOMOTO IMIYJIBCY TATH B Iy-
CTOTI, IO BXOJMTH B HBOI'O, HAIpPHUKIAJ, 3a
paxyHOK 30IMbIICHHS CTYNEHS PO3IMIMPEHHS
comia (30u1bMeHHs d , 3MEHIIEeHHs JiaMeTpa
KPUTHUYHOIO Mepepi3y coluia 3a paxyHOK 3HU-
KEHHSI BUTPATH) MOKE MTPUBECTH 10 3HUIKEH-
Hsl [IUTOMOI'O IMIIYJIBCY TSAI'M MPU HasIBHOCTI
aTMOC(EPHOTO THCKY 3a PaXyHOK BHCOTHOTO
—2b ¥V upomy BUnajky, (opmainb-
m
HO TABUINYIOUH KoepimieHT edeKTHBHOCTI

J0IaTKa

K =1M, MOXKHA HOTIipIIUTH e(pEeKTUBHICTD
+a

M/ i pakeTn.
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BucuoBku

1. IlpoBeaeno ormisin Merosonorii BUOOpY
NPOEKTHUX IapaMeTpiB MapiioBHX BUI'YHIB
HA TBEPAOMY MaTHBI.

2. Po3misiHyTO eTanu if mopsiiok po3pobieH-
Hst MJI 10 nodarky BHITYCKY KOHCTPYKTOPCHKOT
JIOKyMEHTallil, BATOTOBJICHHS Ta BUIIPOOYBaHb
JIBUTYHa.

3. Pozrsinyto kputepii edpexrusnocti M/J1 i
iXHIii B3a€EMO3B A30K.

4. Bu3HaueHO nepesiiK XapakTepucTuK Map-
[IOBHUX JIBUTYHIB, IO MLIATAIOTh ONTHMI3AIl]
npu Bubopi OIIIT.

5. JlaHO OIIHKY KiNBbKOCTI BaplaHTiB poO3-
pPaxyHKiB TIpH B3a€EMO3aJCKHOCTI ONTHMYMIB
BapiOBHUX ITapameTpiB.

6. HaBeneHo HeoOXxigHe wmareMardyHe Ta
nporpaMHe 3a0esredeHHs, y TOMY HHCI I
yac MouyKy 7100a1bHOro OITUMYMY.

7. Ha migcTaBi HassBHOTO JOCBiY Ta CTaTH-
CTHYHUX JIaHUX PO3POOJICHO MMPOIO3UIT 100
CKOPOUEHHSI 00CSATY MPOSKTHUX POOIT.

8. ITokazano, mo koediiieHT eQeKTHBHOCTI
MapIIOBOIO JIBUI'YHA NMOBUHEH OyTH 1OB si3a-
HUI 3 TapaMeTpaMu pakeTH, Y sKii ioro 3acTo-
COBYIOTb.
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