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IIpoBeneHo aHami3 TEHACHLIN MOKPALICHHS TAKTUKO-TEXHIYHMX XapaKTEPHCTHK KEPOBAHHMX PAKETHHX
06’exriB (KPO) 3 MapiioBHMH pakeTHUMH JBHIYHaMH Ha TBepaomy nanusi (PATII), BusiBieHo ocobnuBocCTi Ta
BUMOTH, IO MPEA'SBISIOTECS 1O TPAEKTOPIH IOIBOTY, IPOEKTHHUX ITapaMeTpiB, IPOrpaM KepyBaHHS. Y paMKax
Teopil ONTUMAIBHOTO YINpPaBIiHHI COPMYITFOBAHO KOMIUICKCHY 33/1ady CHiIbHOI ONTHMI3aLlii IPOEKTHUX Mapa-
METpiB 1 IpOrpaM KepyBaHHS PyXOM pakeTHOro 06'ekra. OTpHMaB MOJANBIINIA PO3BUTOK MiAXid 10 (HOpMyBaHHS
MporpaM KepyBaHHsI PyXOM PAaKETHOTo 00'€KTa y BHUIISAL MOJIHOMIB, 10 JO3BOJMIIO 3BECTH 337ady TEOpii OnTH-
MaJbHOTO YIPaBIiHHA A0 OiIBII MPOCTOi 3a/adi HeMiHIITHOr0 MaTEMaTHIHOTO [IPOrPaMyBaHHs. 3alPOIOHOBAHUI
MiIXiA 10 moOyIOBH MpOrpaM KepyBaHHsS BUKOPHCTOBYETHCS Ha IMOYATKOBOMY €Talli MPOEKTYBAHHS 1 GopMy-
BaHHS LIMPOKOTO Jialla30Hy TPAEKTOPIH IOIBOTY KepOoBaHMX 00'eKTiB. BUKOPHCTOBYEThCS MeTonMUYHE 3abe3me-
YeHHs [T ONTHMI3alil IPOEKTHUX MapaMeTpiB i mporpam kepyBanHs pyxom KPO cxemu «kauka» 3a KpuTepiem
JTaNBHOCTI OaNiCTUYHUX 1 aepobalicTHIHUX TpaekTopiil. BigsHaueno, mo nampHicTh nonsotTy KPO icToTHO 3ane-
JKUTD BiJl 3HAUCHb OOPAaHHUX MPOEKTHHX MMApaMeTpiB, MapaMeTPiB TPAEKTOPIl Ta MporpaM KepyBaHHs, [0 ONTHMi-
3yI0ThCS. Y 3B'3KY 3 IIUM ONTHMi3alis 0OpaHuX (Ta, MOXKIIMBO, IHIIHMX) TapaMeTpPiB IPH BUPIIICHHI KOHKPETHUX
LITBOBHX 33124 MPEACTaBISIETHCSI HEOOX1THUM MOYaTKOBUM etanoM npoektyBanus KPO. BusnaueHo ontuManbHi
y KJIaci MoJiHOMiaJIbHUX (PyHKIIH IporpaMy 3MiHH B 4Yaci KyTa TaHTaXka 3a KPUTEPieM NaTbHOCTI MONBOTY A
nmociimkyBanux Tpaekropiii KPO 3 BepTHKanpHUM CTApTOM, KOJIM YHCI0 Maxa jocsrae pisHHX 3HAUYeHb. AHaII3
Pe3yJIbTaTIB ONTHMI3allii Pi3HUX TPAEKTOPiil MOKa3aB, IO ONTUMAIBHOK MPOrPaMOI0 y KIIaci MOJHOMialbHUX
(yHKUiil Ha aKTUBHIN IULSHII TPAEKTOPIil 3 BEPTHUKAILHUM CTAPTOM € JIiHIHA 3aIeKHICTh KyTa TaHTaXa Bif 4acy.
Po3po0Oniennii makeT NPHKIAJHUX NIPOrpaM METOIMYHOTO 3a0e3IeUeHHs I03BOJISE Ha TI0YaTKOBOMY €Talli IIPOeK-
TyBaHHs 00'€KTIB PaKeTHOI TEXHIKH 3 HEOOXITHOO AJIS HPOEKTHUX JOCIIKEHb TOYHICTIO BU3HAYATH ONTHMAJbHI
B 3aJ[aHOMy Ky1aci GpyHKI[i}f mporpaMu KepyBaHHsI PyXOM, pPalliOHAJIbHI 3HAYCHHS TPOEKTHHX MapaMeTpiB Ta OCHO-
BHHX XapaKTEPUCTHK KEPOBAHHX PAKETHHX 00'€KTIB A1 Pi3HUX acpOAMHAMIYHUX KOHCTPYKIIH Ta CXeM HOJbOTY.
Lle 1a€ MOXKIIMBICTD IPOBOMTH aHAJI3 albTEPHATHBHUX [IPOEKTHHX PIILICHb i, TAKMM YHHOM, [[03BOJISIE I1i/ABHIIH-
TH SKICTH PILIEHHS 3a[a4 I04aTKOBOI'O €TaIly IPOEKTYBAHHS Ta CKOPOTHTU TEPMIHH i BUTPATH Ha NPOBEICHHS
MIPOEKTHHUX POOIT IPU CTBOPEHHI HOBUX 3pa3KiB PAKETHOI TEXHIKH.

Kniouosi cnosa: xeposanuii pakemnuii 00'ekm, mapuioguil pakemuuil 08USyH Ha MEEPOOMY NAIUsi, noda-
mMKOBUIl eman NPOEKMYBAHHA, NPOEKMHI NAPAMEMPY, NApAMempy Mmpaekmopii, npozpami KepyeanHs pPYXoM,
Yinbosutl hyHKyionan, memoouune 3a6e3neveHHs OnmuMizayii.

This paper analyzes the trends in the improvement of the performance characteristics of guided missiles with
solid-propellant sustainer engines and identifies the features and requirements for flight trajectories, design parame-
ters, and control programs. Within the framework of the optimal control theory, the comprehensive problem of simul-
taneous optimization of a missile’s design parameters and control systems is formulated. An approach to the formation
of missile flight control programs in the form of polynomials is developed further, thus making it possible to reduce
the optimal control theory problem to a simpler problem of nonlinear mathematical simulation. The proposed ap-
proach to control program development is used at the initial design stage to form a wide range of guided missile trajec-
tories. Use is made of a methodology for the ballistic and aeroballistic flight range optimization of the design parame-
ters and flight control programs of a canard missile. The missile flight range depends essentially on the values of the
design and trajectory parameters and control programs chosen for optimization. Because of this, the optimization of
the chosen parameters (maybe, other parameters too) in the solution of specific target problems seems to be the indis-
pensable initial stage of missile design. For the considered missile trajectories with a vertical launch where the Mach
number takes different values, optimal programs of pitch time variation that maximize the flight range are determined.
The analysis of the optimization results for different trajectories shows that the optimal program in active flight with a
vertical launch is the linear time dependence of the pitch angle. The application package developed allows one to
determine flight control programs optimal in a given class of functions and advisable design parameters and basic
performance characteristics of guided missiles for various aerodynamic designs and flight schemes as early as at the
initial design stage to an accuracy required for design studies. This makes it possible to analyze design alternatives,
thus improving the quality of solution of problems arising at the initial design stage and reducing the time and the cost
of design work on new missiles.

Keywords: guided missile, solid-propellant sustainer engine, initial design stage, design parameters, tra-
jectory parameters, flight control programs, objective functional, optimization methodology.
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Beryn. OnHi€ero 3 akTyalbHUX 3a/1a4, 10 CTOSATH Mepe] PaKeTHO-KOCMIYHOIO TaiTy-
3310 YKpaiHW, € TIPOEKTYBaHHS, PO3POOKa Ta CTBOPCHHS HOBHX KEPOBAHUX PAKETHHX
ob'extiB (KPO) [1] — [5], mpu3HaUeHHUX IS BUPIIICHHS Pi3HUX IUTHOBUX 3a/1ad.

CyyacHul eTam pO3BUTKY PaKETHOT TEXHIKHM XapaKTepH3YEThCS 3HAYHUM
YCKJIaTHEHHSIM BCiX THITIB HOBHX PAaKETHUX OO'€KTIB, IO MPOEKTYIOTHCA, 1, BIIMIO-
BiJTHO, 3HAYHUMH BUTpaTaMH Yacy 1 pecypciB Ha iXx ctBopeHHs. [Ipu mpomy ciix
3a3HAYMTH, 110 HEBIipHI (HEepamioHaIbHI) PIlIEHHs, IPUAHATI HAa TOYaTKOBOMY €Ta-
i poextyBarHs KPO, mpu3BOAATH B KIHIIEBOMY HiACYMKY A0 3HIDKEHHS e(eKTH-
BHOCTI BUKOHAHHA ITUTbOBUX 3aad, 3pOCTAHHS BUTPAT HA PO3POOKY Ta BHTOTOB-
nenns KPO, 36inbieHHs TepMiHiB fioro crBopenns [1] — [5].

[Mutanasm npoextyBaHHs Ta po3podku KPO mpuaineHo BeMUKy yBary y BiT-
yusHsHii [1], [2], [5] Ta 3apy0ixkHiii HaykoBo-TexHIuHiH giTeparypi [3], [4]. V [1]
— [5] HaBeneno ananiz mporecy npoekryBanas KPO, o6roBopeHo aepoauHamivHi
METOJIU MPOEKTYBAHHS Ta TEXHOJIOTII KPUIATHX Ta 0e3KpMiInX KoH(Iiryparii, pos-
TJITHYTO METOJH Ta TEXHOJIOTIi KOHIICTITYaIbHOTO MPOEKTYBAHHS MPSMOTOYHHUX 1
TypOOpEaKTHUBHUAX PAKETHUX JBUTYHIB, MPOAHATI30BAHO METOIU JJIsi MPOTHO3Y-
BaHHS qanbHOCTI Aii KPO, mBuakocTi Ta yacy moikoTy, a TAKOK MaHEBPEHOCTI Ta
BiIXHMJICHHS Bi/I OC1 IPHUITLTIOBAHHS.

Haui, sk KPO po3ymitoThCsl OTHOCTYIICHEB] paKeTH Pi3HOTO MPU3HAYEHHS, 10
3aCTOCOBYIOTHCS JUJISl IOCTABKH FOJIOBHOT YACTHHU B 33JlaHy TOYKY MPOCTOPY 3 He-
0OXiTHMMHY 3HAYEHHSMHU KIHEMATUYHHX IMapaMmeTpiB pyxy. Sk cuioBa ycTaHOBKa
Ha KPO posrnsigaerbes pakeTHuid ABUTYH Ha TBepaomMy manusi (P TII).

J1a ycninrHOTO BUpIIIEHHS 3a7a9i ONTHMI3allil MTPOEKTHUX MapaMeTpiB i mpo-
rpam kepyBanHsi KPO BaxknuBe 3HaueHHS HaOyBae po3po0iieHe METOANYHE 3a0e3-
neyeHHs [5], [6], ke M03BOIISIE OMEPATUBHO 3 HEOOXIMHOIO TSI MPOEKTHHUX JTOCIi-
JOUKeHb TOYHICTIO BH3HAUWTH: ONTHUMANIbHI 3HaYEHHS MapaMeTpiB, MO0 ONTHMi3y-
I0ThCSI, OCHOBHI XapaKTEPUCTHKH Ta MPOTrPaMu KePYBaHHS PyXOM, 3 ypaxyBaHHIM
0CO0JIMBOCTEH 1ITHOBOTO 3acTocyBanHs KPO.

B ocranHi poku 3pocTae iHTEpeC /10 pakeT, sKi He TUTbKH e(heKTHBHI 32 TEXHIYHH-
MU XapaKTePUCTHKAMU, &JI¢ 1 32 JIOCTYITHICTIO Ta JCIICBU3HO. AHAII3 MPOLECy Mpoe-
KTYBaHHSI JIOBOJIUTb, 1[0 BAPTiCTh BUTOTOBJICHHS PAKETH 3aICKHUTH Bijl CTAPTOBOT MaCcH
1 JatbHOCTI i1 oykoTy. Ha mouyatkoBoMy erarti pOEKTYBAHHS 33/1aHO CTAPTOBY Macy
Ta Macy KOPHCHOTO BAaHTaXy pPaKeTH, TOMY BapTIiCTh BUPOOHMIITBA aJbTEPHATUBHUX
BapiaHTIB pakKeT CIi BBKATH MPUOIM3HO ONHAKOBOI. TakWM YMHOM, ONTHMI3aIlis
MPOEKTHUX MApaMeTpiB 1 MPOrpaM KepyBaHHS PyXOM PAKETHOTO 00'€KTa MPOBOAUTHCS
332 YMOBH MaKCUMyMYy ILTBOBOTO (PYHKITIOHANA TATFHOCTI MOJNBOTY — BiJICTaHi, Ha SIKY
JIOCTaBJISIETHCS Maca KOPUCHOTO BaHTAXY B 33J[aHy TOYKY MPOCTOPY 3 HEOOXITHUMH
3HAYEHHSMH KiIHEMAaTUYHHX TTApaMeTPiB PyXy B KiHIII TOJHOTY.

Merta cTaTTi — aHANI3 TEHCHIIIN MOKPAIEHHS TAKTUKO-TEXHIYHIX XapaKTepH-
ctuk KPO 3 PJITII, BusiBiieHHS OCOONMBOCTEW Ta BUMOT, IO MPEI'SBISIOTHCS JIO
TPAEKTOPIH TMONLOTY, MPOEKTHUX TapaMeTpiB, MPOrpaM KepyBaHHs. BukopucTaHHS
METOAMYHOTO 3a0€3MEeUYEHHS I ONTUMI3allil MPOEKTHUX MapaMeTPiB i mporpam Ke-
pyBanHs pyxoM KPO cxemu «kaukay, o MOKe 3/iIICHIOBATH MOJILOTH 3a OallicThy-
HUMH 1 aepoOalliCTHYHIMU TPAEKTOPiAMH. BH3HAUEHHS ONITHUMANIBHOT IPOrpaMu 3Mi-
HU B Yacl KyTa TaHTaXa 33 KPUTEPIEM NAITBHOCTI TIOIBOTY JJIsl TOCTIIKYBAHHUX Tpa€e-
kropiit KPO 3 BepTHKAILHIM CTapTOM, KOJIM YKCI0 Maxa Jocsrae pi3HUX 3HAYCHb.

Tengenuwii y PpO3BHTKY TAKTHKO-TeXHIYHMX XAPAKTEPHCTHK PaKeTHHX
00’ekTiB. fIK MoKasye aHaii3 Po3pOOJIEHNX 1 CTBOPEHHUX TBEPAONIAIMBHHX PAKET, Y PO3-
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BUTKY TAaKTUKO-TEXHIYHUX XapaKTCPHUCTUK IIPOCIIIKOBYIOTHCS TEHIICHIT 30UTHIICHHS
MaKCHMAJTFHOI TAJTHHOCTI TIONBOTY, SIKa MOYKE OYTH JIOCSTHYTA 3a PaXyHOK ITOJIIITITICHHS
MacOBO-Ta0APUTHIX 1 CHEPreTHIHNX XapPaKTEPHCTHK PaKeT, 30KpeMa [5]:

— IIUISIXOM 30UITBIIIeHHS 3amacy TBepaoro pakerHoro namusa (TPID) i BiamosigHO
macu 3apsiay PATII — pakera WS-3A (Kuraticbka Hapomna Peciy6mika (KHP)) [7];

— BUKOPHCTaHHS BHCOKOCHEPTeTUYHHX CYMIIIEBUX TBEPANX PAKETHHX IAIUB
— pakera LORA (I3painp) [8];

— 3aCTOCYBaHHS B KOHCTPYKIIisX BijicikiB paker i P/ TII BucokoMimHnX KOHC-
TPYKIIHHAX MaTepialiB i MePCHEKTUBHIX KOHCTPYKTUBHO-TEXHOJIOTIYHUX PillIEeHb
— pakera GMLRS M+ (CIIA) [9];

— BUKOPHCTAHHS IEPCHEKTUBHUX a€POJMHAMIYHUX CXEM PaKeT 3 MOJIIMIIICHOI0
aAepOIMHAMIYHOIO SKICTIO, 30KpeMa pakKeT i3 KpujaaM{d Majoro MOIOBXKEHHSI — pa-
keta WS-64 (KHP) [7];

XapakTepHUMH 0COOTMBOCTSIMH HepcrekTuBHIX KPO 1 BUMoramu 10 HUX €:

— BUCOKA TATOO30POEHHICTh HA MOYATKOBIN MIJISHII MOIBOTY 3 METOIO 3a0e3-
TIEYCHHS MOKJIMBOCTI KePYBaHHS PAKETOIO HA Iii JUISHIN aepOAHMHAMIYHUMH Op-
raHaMy KepyBaHHS;

— po3paxyHKoBHiA 9ac podotr MapmioBoro PJITTI, skuit 3amexuTs Bif MIBHIAKOCTI
ropianst TPIL, THCcKy B kKamepi 3ropsHHS, JiaMeTpa PakeTH i MAaKCUMAITBHO TIPHITYCTUMOT
TOBIIIMHH 3BOAY 3apsy, TIPH sKiii 3a0e3reuyeThes He epo3iiiae ropinas TPIL

— MOYUIMBICTD 3aCTOCYBaHHS JBOpexuMHOro MapmoBoro PJITII 3 meroro 306i-
JBIICHHS Yacy WOro poOOTH, IO MPU3BOANTH, SIK MMOKa3yIOTh PO3PaxyHKH, 10 30i-
JBIICHHS JaJbHOCTI MOJIBOTY PaKeTH;

— BUKOPHUCTaHHS K OaxiCTHYHUX, aepoOaiCTHYHHX, TaK i KOMOIHOBaHUX TH-
TiB TPAEKTOPIH MOIHOTY;

— BEMOTA JI0 KePYBaHHS PyXOM pakeT 3a JOMOMOTOI0 aepOJHHAMIYHHX PYJIiB
(AJ1P), mo mpuBOAATHECS B pyX PYJIBOBUMH MPUBOJAMH IO KOMaHAax, copMoBa-
HUX IHTEIPOBAHOIO IHEPIIIHO CYITyTHUKOBOKO CHCTEMOIO YIIPaBIiHHS;

— (hopMyBaHHS TPAEKTOPIl MOIBOTY 3 3a0€3MEYCHHSAM HEOOXiTHOTO 3HAYECHHS
IIBUIKICHOTO HAIIOPY Ha MaKCUMAIIBbHINA BUCOTI, IPU SKOMY MOXe OyTH 3/iiCHeHa
MOXIIMBICTh KEPYBaHHs PAaKeTOIo 3a qonomoror AJIP Ha miii TUISHIN NONBOTY.

J1s yeHiiHOro MpoBeIeHHS POEKTHHUX POOIT 3 ypaxyBaHHSM PO3IIITHYTHX TEH-
JEHLIHA PO3BUTKY MEPCIIEKTHBHUX PAKeT JOIIBHO C(HOPMYIFOBATH KOMIUIEKCHY 3ajia-
4y CMUIBHOT ONTUMIi3aLlil POEKTHHX MapaMeTpiB i mporpam kepysanHs pyxom KPO.

IMocranoBka 3axa4i. B mocTaHoOBIII KOMIUIEKCHOI 3a4a4i CIJIBHOI OIITUMI3allii
MIPOEKTHUX MapaMeTpiB i mporpam kepyBanHsa KPO, sk 3amavi Teopii onTuMambHOTO
YIPaBIIHHS, HUTLOBUM (DYHKI[IOHANIOM € nanbHicTs monboty L =L (P,U,X), Ha saxy

MOTPiOHO TOCTaBUTH HEOOXiJHY Macy roJ0BHOI yacTHHU My IpH 3a/aHill cTapTo-

Biit maci KPO My . LlinsoBuii (hyHKITIOHAT |([_)Opt,l70pt,)_() = maX L(P,U,X) makcu-
p.u

Mi3yeTbCsl B IIpoLieci BUOOPY NapameTpiB, 1O ONTUMI3YHOThCS (BEKTOP Popt), 1
porpam KepyBaHHs PyXoM (BEKTOp Ugy).

Jo ckiany novyatkoBoi iHdopmarlii (KOMIIOHEHTH BEKTOpa X ) BXOJSTh: JaHi
TAKTUKO-TEXHIYHOI'O 3aBJAHHS, 10 BU3HAYAIOTHh LIJILOBY 3a7ady; YMOBHU ITyCKY
KPO; oOMexeHHS Ha TPaeKTOpilO MOJBOTY, radapUTHO-MAcOBiI XapaKTEPUCTHKH
KPO B minomy, oro okpeMux miicUCTEM 1 eleMeHTiB; (i3MKO-MEXaHiYHi Xapakx-
TEPUCTHKH BUKOPUCTAHMX KOHCTPYKLIMHMX MaTepialiB; XapaKTEPUCTHKH TBEPIO-
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T0 PaKeTHOTO IMaJIiBa; HEBPAXOBaHI MacH €JIEMEHTIB, MIJCUCTEM, SKi HE BKIIOUYCH]
B MaTeMaTUYHY MOJCIIb I PO3paxyHKy OCHOBHUX xapakTtepuctuk KPO.
Sk mapameTpu, IO ONTHMI3YIOThCA, (KOMIIOHEHTH BEKTOpa P ) pO3TISAAI0TH-

Csi: OCHOBHI NPOEKTHI MapaMeTpH, IO JO3BOJSIOTH Ha TOYATKOBOMY €Tarli MPOEK-
TyBaHHS BH3HA4YaTH rabapuTHO-MAcOBi i eHepreTndHi xapakrepuctuku KPO B 11i-
nomy i P/ITII, mo BXoauTh g0 Horo ckiamy; mapaMeTpH, SKi CITBHO 3 IIporpaMa-
MU KepyBaHHS PyXOM, IIIO ONTHUMI3YIOThCS, BU3Ha4atoTh Tpaekropiro KPO i 3Ha-
YeHHSI HIJTFOBOTO (DyHKITIOHATA.

Jo cxmany ocHOBHHX mpoekTHHX mapamerpiB KPO BkimtodeHo koedimieHT mo-

YaTKOBOI TATOO030POEHOCTI V, , BIIHOCHA KiHIIEBa Maca |, IO BU3HAYAIOTHCS

p bl
3araJbHONPHAHITAMH CITiBBITHOIIICHHSIMH:

v.=Mo-Yo. H_mO_mm_mk
p - k ]
I:)pust My My
ne Mg, M, — craprosa i kinnesa macu KPO; (; — nmpucKkopeHHs BUTBHOTO Ta/TiH-

HSl Ha IOBEpXHI 3emiti; My, — MoBHUI 3anac nanusa Mapmosoro PUTIL Py —

Tsra B myctoTi Mapimosoro PJITII Ha ocHOBHOMY pexuMi poOOTH.
Ho cxnany npoektaux mapamerpiB PIATIL, sxi Takok BXOASATH A0 BEKTOpa ma-
paMeTpiB, IO ONTUMI3YIOThCS, P BXOIATH: TUCK B Kamepi 3rOpsSHHS HA OCHOBHOMY

pexuMi Horo pobotu Py, miamerp 3pizy comta D, kyr miBposxuity Ha 3pisi comna
B, , BIIHOIIEHHS TATY HANPUKIHI[ OCHOBHOTO PEXKMMY POOOTH JIO TATH HA MOYATKY
OCHOBHOTO pexumy podotu PIATIT Kpd , TOBHU#t yac pobotu MapmioBoro PITII iy,
110 BU3HAYAETHCS 3AICKHO BIJ| KOCPILIEHTA I09aTKOBOI TAT0030POEHOCTI V

Cknan mapaMeTpiB TpaekTopii, 110 BXOJATH Y BEKTOP apamMeTpiB, IO ONTHMi-
3YIOTbCS, [, 3aJ€KUATH BiJl 00PaHOi CXEMH IMOJNBOTY 1 MOXE BKIFOYATH HACTYITHI

napaMeTpu: TPUBATICTh BepTHKaNbHOT AiisHku pyxy KPO 1l mpu BepTHKAIBHO-
My cTapTi; noyatkoBui KyT Haxuiay KPO npu noxusiomy ctapTi Qp; KyT TaHraxa
HAIPUKIHI[ aKTHBHOI JIUISHKH TPAEKTOPIT QayT; KyT aTaku Ol7y7; HA MACHBHIA
JUISHI TpaekTopii Ta iHIIII.

KomnonenTn Bekropa mporpam kepyBanHs pyxom KPO U =u(p,t) posrus-

JAIOTHCS, SIK:
— IIPOTPaMH 3MIHH B Yaci KyTa TaHTaXa Qpp j (r_), y,t) Ha aKTHBHI (3 mparfto-
tounM PJITII) i macuBHux (3 HenpamtorounMm PJITII) pinsakax Tpaekropii, ne Y —

BeKTOp (a30BUX KOOPIUHAT, 110 BU3Hauyae nojoxenHss KPO B npocropi;
— MpOTrpaMu 3MiHHU B 4aci TSITU Pnp(ﬁ,t) 1 CeKyHJTHOI BUTPATH MPOJYKTIB 3T0-

PSIHHS TBEPAOTO pakeTHOro nammsa , (p,t) PATIL

[IporpaMu kepyBaHHS PyXOM Ha PI3HUX JIIISHKAX TPAEKTOPIT 337al0ThCS Y BH-
i1 TOIIHOMIB:

Unpj (P, v,t)=§Aji(5, y)-t, @)

Je ] — HOMep IUISHKHU TPAEKTOpIl; N — CTEMiHb IOJIiHOMA.
B (1) 3nauenns xoedirieHtis A ji BU3HAYAIOTHCS 3QJICKHO BiJI TOYATKOBMX JAHMX,

PO3MISIHYTOI | -O1 IUISTHKHM TPAEKTOPii, BEKTOpA MapaMeTpiB [, IO ONTHMI3YIOTBCS, 1
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MOTOYHUX 3Ha4€Hb BEKTOpa (Pa3oBUX KOOPAWHAT Y , 110 BH3HAYAIOTH HonoxeHHs KPO

B mpoctopi. Takuit miaxim mo BHOOPY MporpaM KepyBaHHS JTO3BOJIHMB 3BECTH 3aJady
TEOopii ONTHMAIFHOTO KEPYBaHHS 0 OUIBII MPOCTOi 3aAavi HEeNHIHHOTO MaTeMaTHd-
HOTO TIpOrpaMyBaHHS 3 OOMEXKEHHSIMH Yy BUIJIAOI PIBHOCTEH 1 IudepeHIiaTbHuxX
3B’S3KIB, B SIKif HUTHOBHI (DYHKITIOHAT TIOCTA€ Y BUTIIAIL IIUTHOBOI (PYHKIIIT, 110 3are-
JKUTH TUTBKY BiJl BEKTOpa ONTHMI30BaHHX MapameTpiB P . B 1ipoMy BUIIagKy KOMILIEK-
CHa 3a/1a9a CITUTFHOI ONTHMI3allii POEKTHUX MapaMeTpiB 1 mporpaM KepyBaHHS (op-
MYJTIOETBCS TAaKFM YHMHOM: HEOOXIJHO BHW3HAYMTH 3HAYEHHS BEKTOpa IapameTpiB
P = Popt» 10 3a0e3medye MaKCHMAaIIbHE 3HAYCHHS LITbOBOI (PyHKLIIT

1(Popt, X)= max L(p, ) )

TIpH OOMEKEHHSX
— Ha 001acTi 3MiHHU TTApaMeTPiB, IO ONTUMIZYIOTECS, [ 1 MOYaTKOBUX JAHHUX X !

[_)elsmCPm, xe Xk xk: 3

— Ha TPAEKTOPIiI0 MOIBOTY i Iporpamu kepyBaHas KPO:

tuert =tvert;  Hmax = Hmb, QH,.., ZQ,T;:X, Ol < Olmays
e =g %ﬂ(v,m; yeysey® | @
— Ha rabapuTHO-MacoBi xapakrepuctuku KPO:
Mo (X, B) =Mg®, Mpy (X, B) =mri, ©)

— | —_ | P Y p) = DmP X D) =PDMP

Lyvro = Lypor Lrg =Ly Dypo(X, P) = Dypg, D, (X, P) =Dg "
Y  cniBBigHOmeHHax  (2)—(5) BUKOpHUCTAaHO  Taki  TO3HAYEHHS:
X =(X;),1=1K — BEeKTOp MOYATKOBHX AAHHMX, IIO € EIEMEHTOM JiI{CHOrO BEKTOP-
HOTO TpocTopy X K Pp=(pj),i=1Lm —BexTop mapamerpiB, AKi ONTHMI3YIOTbCS
(mpoextHux napamerpiB KPO i mapamerpiB TpaekTopii), 110 € eIeMEHTOM JiHCHO-
ro BextopHoro npocropy P™; P™ X k_ 3aMKHYTI 00JacTi B JIHCHUX BEKTOPHHUX

m k =T o .

mpoctopax P, X", B AKMX MOXXyTb HaOyBaTH 3Hau€Hb BEKTOPH P, X, BIANOBII-
HO; Y =(Y;), i=1S — BekTop (ha30BHX KOOPAMHAT, 110 BU3HA4ae nonoxeHus KPO
B IIPOCTOPI, Ta sIKHil € eeMeHToM BekTopHoro npoctopy Y °; Y ° — 3amkuyTa 06-
JaCTh y BEKTOPHOMY TpocTopi Y °, y sKili Moxe HaGyBaTH 3HAaue€Hb BEKTOP Y ;
tyerts Ly — PO3PaxyHKOBA i NPUITYCTHMa TPUBAJIOCTI BEPTHKAIBHOI JiISHKH T10-

160Ty; Hax, H B, — pO3paxyHKOBa i MAKCUMAIIBHO TIPHITYCTUMA BUCOTH MOJBOTY

min o ... . ..
max QHmax — PO3paxyHKOBHH 1 MIHIMAJIbHO-IIPUIYCTUMHUHN IIBHIKICHIL

KPO; Qy

Hanopy Ha MakCUMalbHIM BHCOTI MONMbOTY H =H .7 O Opax — PO3PaxXyHKOBHH 1
MaKCUMaJbHO TMPHUIyCTUMHHA KyTH aTakd Ha BCIX [UISHKAaX TPaeKTOpii;

my (X, p), my' " —pospaxynkosa i  HeoOximma  craproBi macu  KPO;

My (X, P), m}‘g — po3paxyHkoBa 1 HeoOximHa macu TonoBHOI yactuHu (I'Y);
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Lyro, Lmygo —po3paxyHkoBa 1 HeoOximHa poBxkuHu KPO; Ly, Lrpfl -
po3paxyHkoBa i HeoOxinHa nopxuHu I'U; Dyp, (X, P), D;}f’o — pPO3paxXyHKOBHH i

HeoOXinuuit niamerpu KPO; D, (X, p), D5'"P — pospaxyHkoBuii i HeoOXiauuit fia-
METpH 3pi3y CoIlIa.
Marematnuny mozens KPO mipencrasieno y Buriisii oneparopa F = R(z) 3 06-

JIACTIO BU3HAYCHHS Ha MHOKHHI Z = X < x P™ i 061acTio 3HaueHbh Ha MHOXMHI F ,
[0 CMIBCTABJISE KOYKHOMY eJIeMeHTY MHOXUHN Z(X, P) € Z MHOXUHY BUXITHHX Xapak-

tepuctiik KPO F — F .
Buxiganmn gaHnMu, ofepKaHUMHU B pE3yNbTaTi PIlIeHHsS KOMIUIEKCHOI 3a/1a-
4i, €: 3HAYeHHS 11Tp0BO1 PyHKIIT L (mampHOCTI monpoty KPO); ontumanshe 3Ha-

YCHHS BEKTOpA MapaMeTpiB, IO ONTUMIZYIOTECS, Popt; MPOrpaMu KEpyBaHHS Py-
xoM KPO Ugy (t) Ha PI3HUX JUISHKAaX TPaeKTopii, rabapuTHO-MACOBi XapaKTepH-

ctuku KPO B miioMy, OCHOBHHX HOTO €IEMEHTIB 1 MiICHCTEM OKPEMO; XapaKTepH-
CTHKH MIITHOCTI, aepouHaMidHi, OamicTidHi, eHepreTudHi Xxapakrepuctuku KPO.

CrpykTypa MaTeMaTHIHOI MOJIEN, TIOCIIIOBHICTh PO3PaxyHKY HLTbOBOI (PyHKIIT
TIPY ONITHMI3allii TPOEKTHUX TTapaMeTpiB Ta mporpam kepyBanas KPO HaBeneHo B [5],
[6], [10]. MaremaTraHi Mozelni (yHKIIOHYBaHHSI PAaKETHOTO 00’ €KTa 3 TBEPIOTaINB-
HMMH JBUTYHAMH, III0 BUKOPHUCTOBYIOTHCS MPH MPOEKTYBaHHI, JOCUTH [IUPOKO BUCBIT-
JIeHi B TeXHiuHiH mitepatypi [1] —[4], [11], [12] Ta po3rmsHyTi pasimre B [5],[6].

VY [5] HaBemeHO MareMaTWYHy MOJETh JUTs BU3HAYEHHS HA TOYaTKOBOMY eTart
TIPOEKTYBAHHS a€POMHAMIYHIX XapakTeprcTHK oaHocTymiHdacTrx KPO pisHuX Kiacis.
s MaTemaTrdHa MozeIs 103BOISIE B TIOB's3aHil 3 KPO crcteMi KOOpIMHAT BU3HAYHTH:
Koe]iLliEHT MO300BXHBOI crH (J1000Boro onopy) C, 3aexHo Bix uncia Maxa M |, Bu-

COTH NONBOTY H Ta KyTa ataku o ; Koeditjent migiomuoi cnm C 3a1exHo BiJ Yrcia

Maxa M 1 kyra araku o . [lodaTkOBUMH JaHUMH, L0 BUKOPUCTOBYIOTECS MIPU BH-
3HaueHHi aeponuHamiuHKux xapakrepuctuk KPO, e: reomerpuuni mapamerpu ['Y, mio
BU3HAYAIOTh i1 aepoJMHAMIYHE KOMIIOHYBaHHS; TECOMETPHYHI XapaKTePHUCTUKH KPHI 1
orepenHst; rabaputHi xapaktepuctiku PJITII, oOyMoBIeHi 3aexHO BiJl 3HAUYeHb OC-
HOBHUX MPOEKTHUX MapaMeTpiB; Jiala3oHu 3MiHH peKUMHUX mapaMeTpiB pyxy KPO
(uncna Maxa M , kyTa ataku o 1 BUCOTH MOJBOTY H ), IS SIKUX BU3HAYAIOTHCS
aepoauHaMivHi xapaktepuctuku KPO.

B [1] — [5], [11], [12] HaBeaeHO CIIBBiIHOINCHHS JUIS BU3HAYCHHS MIIOYMX HA
KPO cuit ta npucKOpeHs B 3aJIeKHOCTI Bl nporpamu kepyBanHs pyxom KPO Ha pis-
HHX JUJISTHKax TpaekTopii, cucreMy audepeHuiiaux piBHAHb pyxy neHrpa mac KPO ta
KiHEMaTH4Hi [TapaMeTpH PyXy B MPOEKLISX Ha OC1 3eMHOT CHCTEMU KOOPAWHAT.

VY [5] po3pobneno komiuiekcHy MaTemMaTinuHy mogaens KPO, mo nepeBenena B
creniajgbHi aITOPUTMH IJIi KOMI'IOTEPHOTO MOJIENIOBAaHHS Ipouecy (QyHKIiOHY-
BaHHs pakeTu. KommiekcHa maremarnuna mozaens KPO i Mozpenroroui anropurmMu
€ OCHOBOIO METOJMYHOIO 1 MpOrpaMHOro 3a0e3neueHHs sl ONTHMi3alii Ha moya-
TKOBOMY €Talli IPOEKTyBaHHs oCHOBHUX XapakTepuctuk KPO 3 mapmosum PTII.

Hani po3rasiHyTo IporpaMu 3MiHM B 4aci KyTa TaHraxa, siKi Jajld MOXKJIMBICTb
3BECTH 37a4y Teopii ONTUMAIILHOTO yNPaBIiHHS 10 3a7a4i HeJliHIHOTO MaTemMaTu-
YHOTO IporpamyBaHHs [5], [6], [10].

IIporpamu kepyBaHHsSI KYTOM TaHraxa pakeTHoro o6’ekra. [Ipu ontumi-
3awii mapaMeTpiB i mporpaM KepyBaHHs pO3IIIAJAI0ThCs OallicTHYHI 1 aepobaricTu-
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gHi TpaekTopii mopoty KPO, siki MOXyTh OyTH peajizoBaHi SK 3 BEPTUKAILHHUM,
TaK 1 HOXWINM BHAaMH cTapTiB [5], [6], [10].
V uucni napaMeTpiB P, IO ONTHMI3YIOThCS, PO3IISIAOThCS o4 — TpHBa-

JICTh BEPTUKAJIBHOI AITISIHKY [IOJILOTY IPU BEPTUKAIBHOMY CTapTi, Q. — KyT TaH-

raka Mpu MOXWIOMY CTapTi.

Busnauatotbes pi3Hi nmporpamu kepyBaHHSA pyxoMm KPO mist pizHux cxem mo-
THOTY 32 OATICTHYHUMH 1 aepOOaTICTHIHUMU TPAEKTOPISIMH.

VY3aranpaena cxema monsory KPO 3a OamicTHUHUME 1 aepoOalliCTHIHUMU
TPAEKTOPISIMHU HACTYITHA!

— aktuBHA minsHKa Tpaektopii (AJT) (i3 mpamrorounm PJITII), mo BKiIIOUaEe
BEPTHUKAIBHUHN TMOJIT MIPH BEPTUKATBHOMY CTapTi i IUITHKY po3Bopoty KPO y Bep-
THKAJbHIN TUIOIINHI, HANPUKIHII SIKOI POrpaMa 3MIHH KyTa TaHraxa @, ) za-

Gesnedye BUXiJ HA 3a1aHUH KYT TaHTaXa @ 4y; = (pf'K,T :

—nepma nacuBHa gimssHka Tpaekropii (IIAT) (3 menpamorounm PJITII), na

sIKil 3xificHIoeThes Buxig KPO Ha HOTPIGHUI KYT aTakKd O ;7y7q = Ol vy HPOTS-

TOM IOTPIGHOrO MPOMIXKKY 4acy tyh., 3 ypaxyBaHHSIM OOMEXKCHB, IO HaKIaja-

IOTHCS Ha 110 JUITHKY TPAa€eKTOPii micis 3akiHdeHHs: podbotu mapmosoro PTIL;
—HACTYIHI | -1 MAacHBHI JISHKA Tpaektopii (3 Henpaiorounm PITII), Ha sxux

TIPOrpamMu KEPYBaHHA @, , j (1) OyIyrOTbCS 3 ypaxyBaHHSM 3a1aHMX BUMOT | OOMEIKEHb.

[Iporpamu kepyBanHs kyToM TaHraxa KPO Ha BCiX minsHkax OamicTUYHHX i
aepoOaTiCTUYHNX TPAEKTOPIH 3a1aI0THCSI MOJTIHOMAaMH.

Ha ninsHIi BepTHKaIbHOrO pyXy IIporpaMa KepyBaHHS KyTOM TaHTaxa
@, j (t) Mae Takuii Bux

TT
t)=const = —.
@, (1) 5

Ha AZIT y sikocTi mporpaMu KepyBaHHSI pyXOM MOXKYTh OYTH BHKOPHCTaHI JIiHiH-
Ha N =1, kBagpaTnuHa N = 2 1 KyOiuHa N = 3 3aJIeKHOCTI KyTa TaHTa)ka BiJl 4acy:

QM) =D"A -t (6)
i=0

Jami HaBeneHi yMOBH, SIKi IOBHHHI OyTH BUKOHAHI JUISl KOKHOI 3 MOMJIUBUX
TPbOX BUJIB Mporpam kepyBanHs Ha AJIT, i criBBiAHOLICHHS, IO JO3BOJISIOTH JUIS

IIUX IPOTrpaM BU3HAYATH 3HAUeHHs KoedinieHtiB A; ,1=0,n y noniHomi (6).
[Ticnst 3aKiHYEHHS BEPTUKAIBHOI JUISHKH MOJBOTY mpu t =1, MOYaTKOBI

YMOBH JIsI IPOTPaMU 3MiHM KyTa TaHTa)xa TaKi:

_r
Pert 5
do_,

dt

1€ Pyerr — KYT TaHT@XKa HAIPHUKIHII BEPTUKAIBHOI JUISHKH pyXy. Y BHUIAAKY IO-
xminoro crapty KPO 3aMicTh KyTa TaHraxka ¢, HEOOXITHO 3a71aBaTH BEITUYUHY
KyTa IOXHUJIOTO CTapTy @ cp-
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Hanpukinni AAT npu t=t v, ae t y; — HOBHUI yac poOOTH MapIIOBOTO
PATIIL, ymoBu a71st BHOOpY mporpamMu KepyBaHHS TaKi:

— P
Qyyr =P 4yr
o, yr =0,

ne @'y — moTpibHuil KyT Tanraxa Hanpukinwi AJIT, sKuil BXOAUTE 1O CKiIazy
napaMeTpiB P, 0 ONTUMI3YIOTbCS; O 4y — KyT aTaku Hanpukinii AJ[T.
Koedimientn Aq , A; B (6) Ans JNiHIAHOI 3a]€XKHOCTI KyTa TaHTaxka BiJ dacy
BH3HAYAIOTHCS 32 CITiBBIAHOIICHHSIMHU:
Ay + A tert = bvert
Ao+ A tayr =00
A = ¢vert —A e,
Al _ ¢vert _d)rE?/T .
tvert - 1:A yr

Koeoinientn B (6) A KBagpaTU4HOI mapaboiy BU3HAYAIOTHECS TaKOK CUCTE-
MOIO PiBHSHB, TiHIHHOI moa0 KoedilieHTiB A;,i=0,2:

2
Ao + A tyer + Ay Tiert = Puent
AL +2- Ay tyey =0,
2 _..mp
Ao + A -tyyr + Ay - tyyr =@ 7,
Y pe3yJIbTaTi pillleHHs IKOi OTPUMaHi CITiBBiTHOIICHHS:

2
Ay = Qyert — (A tyer + A ~tien),
Al =-2- AZ “Tverts
mp
Qvert =P 4yr
2 2 !
(tvert _tAyT)_ 2'tvert '(tvert _tAYT)

Koedimient B (6) s KyOiuHOi mapa®oiiv BU3HAYAIOTHCS B Pe3ysbTari pi-

A2:

IICHHS HACTYITHOT CUCTEMH, JIIHIHHOT o0 KoedinientiB A;, i =0,3:

2 3
Ag + AL tyert + Ay Tier + Ag - tiert = Ouents
2
A1+2'A2 “Tyert +3'A3 “Tert =0,

2 3
Ag + A tyyr + Ay tyyr + Ag - thyr :(PZ]?/T'

3a HaBeJCHUMH CIiBBIAHOLICHHIMU MOXKHA BU3HAYUTH TIIBKU TPH KoeillieHTH
13 yotupbox. UerBepTHii koedimieHT (Hexail e Oyne Az ) BU3HAYAETHCS B PE3yNIbTaTI
PO3BSI3KY KpaloBoi 3a/iaui Ha il AUISHIN TPaeKTopii 32 YMOBU 3a0e3redeHHs HYy-
JHOBOTO KyTa ataku Hanpukinmi AJ[T. ¥ npoMy BUnajgKy cucrema piBHSHbB JIJIsl BU-
3HAYEHHS TPHOX KOEPIIiEHTIB MPOTpaMH KEPYBaHHS MA€ TAKUN BUTIISL:
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2 3
Ao + Ay tuert + Ag tiert = Puert — Ag - Tierts
2
A1+2’A2 g :_3'A3 “Lerts

2 3
Ao+ A -tyyr + Ay - tyyr =(PE§J/T - Ay Uy

Crip 3a3HauMTH, IO THI NPOTPaMU KEepyBaHHS KyTOM TaHTaXa i3 TPhOX 3a-
MPOTNIOHOBAaHUX BapiaHTIB BUOMPAETHCS ab0 3 YMOBH MaKCUMyMYy JalbHOCTI HO-
asoty KPO, a6o 3 yMOB MOKIMBOCTI peainizalii 00paHOrO THITy HpPOTrpaMH Ui
konkpernoro KPO [5], [6], [10].

Ilporpamu kepyBantst @ ,,, j (t) Ha j-ux ITJIT GymyioThes 3 ypaxyBaHHsIM 3aIaHHX
BHMOT 1 00MEKEHB, SIKi MOYKYTh OyTH B CKJIaJTi BEKTOPa MapaMeTpiB [ , 110 OITAMI3YIOThCSL

LmocrpatuBHuii npuknaa. Bukopuctano meroauuHe 3a0e3neueHHs Ui BU-
3HA4YEHHS ONTUMAJILHOT y KJaci MOJiHOMianbHUX (YHKLiM MporpaMu 3MiHHU B 4aci
KyTa TaHraka Ha aKTHBHIN IUISHI TpaekTopii s pisHUX cxeM monboty KPO 3
BEPTUKAIBHUM CTAPTOM 32 KPUTEPIEM JAIBHICTb.

J1s 11bOTO, BUKOPUCTOBYIOYM METOJ] KOH(Irypalliii HyJIbOBOrO MOPSAKY, IPOBe-
JICHO OINTHMI3aIlif0 BEKTOpa P, KOMIIOHEHTH SIKOTO BKJIFOYAIOTh OCHOBHI IPOEKTHI
napamerpu KPO 1 mapamerpu Tpaekropii. [lapamerpu BekTopa P, IO ONITHMI3YIOThCS,
BHOMPAIOTHCS 32 YMOBH MaKCUMYMY IIJTbOBOT (DYHKIIIT JanbHOCTI mosboTy L(P) .

Ax KPO posrisigaeTbest OMHOCTYMIHUATHI KEPOBAHUN PaKeTHUH 00'€KT 3 Ma-
coro ['U m,, =250 kr, 3 pi3HOIO CTAPTOBOIO Macorw: M, = 945 kr, konu yucio Ma-
xa jocsirae 3Ha4eHb M=[3+4]; m, = 1335 kr, konu yncio Maxa focsrae 3Ha4eHb
M=[5+6]; my =1950 kr, xonu ynciao Maxa nocsrae 3HaueHb M=[6+7].

Sk cunosa ycranoBka Ha KPO BukopuctoByetscst P/TII 3 HacTynnHUMHU Xapa-

krepuctikamu ymoBHoro TPII: ryctuna TPIT p=1730 xr/ M, TemIeparypa ro-

pinas TPII Ty =3767 K, noxasHuk i30eHTponm mnpoaykris sropsias TPII
k =1,19, rasosa nocriiina npoxyxris sropsuust Ry =336 JDx/(kr-K).

VY po3paxyHKax BUKOPHUCTOBYEThLCS CTCIICHEBA 3aJICKHICTh IIIBUKOCTI TOPIHHS
TPII Bix THCKY, sIka BU3HAYA€ThCs criBBinHOMmEeHHsM [5], [11], [12]:

u=ul-(pk)v,

e Py — THCK y Kamepi sropstaHsi Mapmosoro PJITII; u;=0,001 m/c, v =0,35 —
napameTpH, 10 BU3HAYAIOTh 3aJekKHICTh mBHIKOCTI ropiaHs TPII Bix TuCKy y Ka-
Mepi sropstaast PJITTI.

[Mpu onramizanii napamerpis KPO Ta napaMeTpiB TpaekTopii Oyau NpUHHSATI HACTY-
ITHI TOYaTKOBI YMOBH, 3a SIKMX 3IiMCHIOEThCs crapr KPO: mmpora TOukHM cTapry
Qcm =40 rpax., asumyt nycky ¢ = 40 rpaz., Bucora Touku crapty H ., =10 m.

AepoarHaMiyHa cxeMa «Kadka» c(hopMoBaHa 3 TOJOBHOI YaCTWUHH, IO Mpel-
CTaBJisi€ COOOI0 MOEAHAHHS 0KMBAIILHOI 1 HWIIHAPUYHOT (POPM, HUITIHAPUIHOT Yac-
TUHH, 110 BKJIOYAE MEPEXiJHUN 1 XBOCTOBUH BiACIKM, 1 KOPIyC KaMepu 3ropsHHS
mapuoBoro P/ITII. Ha muniaapuuniit wactuni I'Y posramosano yotupu A/IP, mo
3a0e3neuyloTh cTalii3amio Ta KepyBaHHS PaKeTHUM 00'€KTOM Y MOJIbOTI, Ha XBO-
croBiit yactuHi KPO BcTanoBneHo wotupu cradinizaropa.
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ITona noxuna I'Y npuitnsara piBHOIO L, =2,992 M, 10BKNHA 0KMBAJILHOI YaCTH-
mu ['Y L,,.=0,867 M, nosxuHa muniHapudHoi yactuau ['Y Lu =2,125 m. Kamepa 3ro-
psaust PIITII, mepeximauii i xBocroBuit Biaciku KPO BukoHano 31 crani. [iamerp mumiH-
npuaHoi yactiHA Kopirycy KPO npuitasTo piBaiM Dy =0,410 m.

B mporreci ontuMizariii Bu3HAYarOThCs MPpoekTHI mapamerpu KPO B 3a3Hade-
HUX Jiamma30Hax: KOoe(iIlieHT MMOYaTKOBOI TATOO30POEHHOCTI, IO 3MIHIOETHCS B
mianasoni [0,07<v;<0,23]; tnck y xamepi sropsuus mapuosoro PITII, mo

3MiHIOETbCS B Aiamasoni [65 krc/cm? < p, < 100 krc/cm?]; miameTp 3pisy coruia
mapmosoro P/ITII, o 3mintoerses B aianasoni [0,33 M <D, < 0,39 M].

Jns pi3HUX 3Ha4deHb ypciaa Maxa B 3aJIe)KHOCTI BiZ cTapTOBOI Macu M, Ta

macu I'H m,, BU3HauarOThCsA MOBHUM 3amac nanusa mapuioBoro PITT m,, i Bix-
HocHa kiHuneBa maca KPO p, , a cymapnuii yac pobotu mapmosoro PJITII t 3a-

JISKHO Bij KoedilieHTa mo4atkoBoi Tsroo3opoennocti KPO B mycrori v D

Onrtumizalis mapaMmeTpiB TPaekTopii Ta BU3HAYCHHS ONTHUMAJIbHOI MPOrpaMu
KepyBaHHS KyTOM TaHTa)ka B 4Yaci Ha aKTHBHIH NIJSHIN TPAEKTOPIi 3MiHCHIOETHCS
JUTSL IOCHIDKYBaHUX CXEM IOJILOTY 3 BEPTHKAJIBLHUM CTapTOM, KOJIM 4Hciao Maxa
JIOCSITAE PI3HUX 3HAYCHB!

— TpaekTopis 1 — OamictuyHa TpaekTopis 0e3 OOMEKEeHHsS Ha MIBHJKICHHUH
HaIip Ha MaKCHUMaJbHill BUCOTI MTOJBOTY KEPOBAHOI PAKETH;

— TPa€EKTOPis 2 — OGaicTUYHA TPAEKTOPIs 3 OOMEKECHHSIM Ha MIBUIKICHHUN Ha-
mip Ha MaKCUMaJbHIM BUCOTI MOJNBOTY KEPOBAHOI PaKeTH;

— TpaekTopis 3 — aepodaicCTHYHA TPAEKTOPIS;

— TpaekTopis 4 — acpobanicTiuHa TpaekTopist TUILY «KYK».

Hani naBeneHo nporpamu kepyBanHs pyxoMm KPO 3a 6anictuunumu i aepo0a-
JICTUYHUMH TPAEKTOPISMH, IO JOCITIIKYIOThCS.

IIporpamu kepyBaHHsI KyTOM TaHra:ka B 4aci 3a Tpaekropieto 1 (bamicru-
YHa TpaekTopis 0e3 oOMeKeHHs Ha MIBUAKICHHWIA HAIip HA MaKCUMAJbHIA BHCOTI
nonsoty KPO):

— TP BEPTHUKAIBHOMY CTapTi TOJIT 3 TOCTIHHUM Yy Yaci KyTOM TaHTaxKa
Qyert =90° TPOTSrOM 3a/1aHOTO Yacy tyey;

—nporpama kepyBaHHsI pyxom KPO 3a0esnedye mosiT 3 HOCTIHHHM KyTOM
tanraka N=0 abo 3 miHiliHOIO N =1, abo 3 KkBaapaTH4HOO N =2, ab0 3 KyOiu-
HOIO N =3 3alexHICTIO TaHTaxa Big uacy no kinng AJIT, ne koedimieHTH
A ,i=0,n y moniHOMi (6) BUOHMpPAIOTHCS 32 YMOBHU 3a0e3INedeHHs] HeoOXiqHOTO
KyTa TaHraxa ¢ ,y; Hanpukiami AJIT;

— nepira nacuBHa Ainstaka Tpaekropii (IIAT1), xe mporpama 3miam KyTa TaH-
raxka 3a0e3rnevye MOJNIT 3 JIHIHHOI 3aJIeXHICTIO TaHTaXka BiJl 4acy, KOeQillieHTH
K01 BUOMPAIOTHCS 38 YMOBH BUXOAY Ha HYJILOBHI KYT aTaku o 7y =0 mpoTsrom
3a1aHoro 4acy tyr;

— Ha npyrid nacusHid qutsHII TpaekTopii (ITAT2) monit KPO no makcumains-
HOi BUCOTU H ., IPH ILOMY TIpOrpama 3MiHHM KyTa TaHTaxa 3a0esnedye pyXx 3

HYJIbOBUM KYTOM aTaku Q ;jyro = 0 ;
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—Ha TpeTiit macuBHIK muraHIl Tpaektopii (ITAT3) pyx KPO 3 HynmpoBHM Ky-
TOM aTakKu O ;7y73 =0 10 3ITKHEHH: 3 3eMJIelo.

OntumanbeHi mapaMeTpu 0amicTHYHOI TpaeKTopii 6e3 0OMeKeHHs Ha IMIBUIKI-
CHUI1 HaIlip HaBeJeHO B Tabmuii 1.

Tabmuus 1
OnrtuManbHi 3Ha4Y€HHS TapaMeTpiB TpaeKTopii 0e3 0OMeKeHHS Ha IIBUIKICHUH HaITip 3
BepTukanbHuM ctaptoM KPO, konu unciao Maxa gocsirae M=[6+7]

Xapakre- PosMibHi Mianazon |OnrumanbHe .
O3MIpHICTb IIpumitka
puUcCTHKa 3HA4YCHHA 3HAYCHHA
) HeoOxiguuii KyT TaHTa)xa Ha-
Qayr rpan. [32+45] 34,21 npukiani AJIT
TpuBanicTs BUXOIy Ha HY-
trvr c [5+15] 5 JTHOBHA KyT aTakl HAIPUKIiHII
[ATI
L KM 359,995 JlanpHICTh TIONBOTY

IIporpamMmn kepyBaHHSI KYTOM TaHTra:ka 3a TpaekTopicro 2 (OamicTHuHa
TPaAEKTOPis 3 0OMEKCHHSIM Ha IIBUAKICHUI HAIip HA MAKCUMAaJIbHIH BUCOTI MOJIBO-
1y KPO):

—pU BEPTHUKAILHOMY CTapTi MOJIT 3 MOCTIHHMM y Yaci KyTOM TaHraxa

@p =Pyert =90 MPOTArOM 3aJAHOTO YACY ey ;

—mHa AJ/IT mporpama kepyBanHs pyxoM KPO 3abe3nedye momit 3 mocTiitHIM
kyTtoMm TaHraxka N =0 abo 3 miHiitHOIO N =1, abo 3 kBagpatnyHOtO N =2, abo 3
KyOiuHOIO N =3 3aJIC)KHICTIO TaHTaXa Bijg yacy (6) 3a yMOBH 3a0e31eueHHs He00-
X1THOTO KyTa TaHraxa ¢ 4y, Hampukinim AJ[T;

— nepia nacuBHa AinsHka TpaekTopii (IIAT1), ne mporpama 3miHM KyTa TaH-
raxa 3a0esredye IMOoJIT 3 JiHIMHOI0 3aJIE)KHICTIO TaHTaXKa BiJl 4acy, KoeQilieHTH
SKOT BUOMPAIOTHCS 32 YMOBH BHXOY Ha HYJIBOBHU KYT aTaku o 7y =0 mpoTsarom
3a1aHoro vyacy vz,

— Ha npyrii nacuBHil nutsHi Tpaektopii (ITAT2) momit KPO no makcumans-
HOi BHCOTH H )5, IPY IFOMY TIpOrpaMa 3MiHM KyTa TaHTaxka 3a0e3nedye BUXiJ Ha
3ajaHe  MIiHIMaJabHO  TNPUIYCTUME  3HAYEHHS  IIBUJAKICHOTO  Hamopy

,T:ax =50 krc/m?;

— Tpers nacuBHa AinsiHKa Tpaekropii (IIJIT3), Ha skild mporpaMa 3MiHH KyTa
TaHTaka 3a0e3Mneuye TMOMIT 3 JIHIHHOK 3aJIeXKHICTIO TaHTaXa BiJl 4acy, e Koedii-
€HTH BHOMPAIOTHCS 32 YMOBH BUXOJY Ha HYJIbOBHU KYT aTaku o yr3 =0 mpoTs-
TOM 3a/1aHOro 4acy t;yrs;

— Ha 4yeTBepTii macuBHili pinsuii tpaekropii (IJJT4) pyx KPO 3 nHynboBuM
KyTOM aTaku o ;7y74 =0 10 31TKHEHHS 3 3eMIIelo.

OntrMalbHi apaMeTpu OalliCTHYHOI TPaeKTOpii 3 0OMEKEHHSIM Ha IIBUJKIC-
HUH HaIip HaBeJIEHO B TAOIUII 2.
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Tabmums 2
OnTumainbHi TapaMeTpiB OamicTHIHOT TPAeKTOPil 3 0OMEKESHHSIM Ha MIBUIKICHAN HArip 3
BepTHKAIBHUM cTapToM KPO, xomu uncino Maxa gocsirae M=[6+7]

Xapakre Po3mip Hiamazon | OnTuManbHi .
. [IpumiTka
PUCTHKA HICTb 3HAa4YCHHA 3HA4YCHHA
) HeoOximHuii KyT TaHTra)xa Harpu-
D 4yr rpan. [32+45] 34,27 irmi AJIT
TpuBanicTe BUXOJY Ha HYIbOBHUI
t + o
[ ¢ [5+13] > KyT araku Hanpukiami [1/IT1
TpuBanicTe BUXOJY Ha HYJIbOBHUIA
t + o
s ¢ [5+50] 30 KyT araku Hanmpukinmi [1J1T3
L KM 276,434 JlanbHICTE OJIBOTY

IIporpamu kepyBaHHsI KyTOM TaHI'a:Ka 3a TpaekTopielo 3 (aepobanicTuuHa
TPaEKTOPIs):

—pU BEPTHKAILHOMY CTapTi MOJIT 3 MOCTIHHMM y 4aci KyTOM TaHTaxa
®pp = Pyert =90° MPOTArOM 3a1aHOTO Hacy ey ;

—Ha AJIT mporpama kepyBanus pyxom KPO 3abe3meuye moiiT 3 MOCTIHHAM
kyToM TaHraxka N =0 abo 3 miHiitHOIO N =1, abo 3 kBagparnyHOO N =2, abo 3
KyOiuHOIO N =3 3aJICXKHICTIO TaHTaXa Bija yacy (6) 32 yMOBH 3a0e3IeUeHHs He00-
X1JJTHOTO KyTa TaHraxa ¢ 4y, Hanpukinoi AJIT;

— mepia nacuBHa JinsHka Tpaekropii ([IT1), Ha AKkii nporpama 3MiHU KyTa
TaHraka 3a0e3Meyye MOIT 3 JTIHIHHOIO 3aJIeKHICTIO TaHTaXka Bij] yacy, e Koedili-
€HTH BUOMPAIOTHCS 32 YMOBH BHUXOIY Ha HYJIBOBUI KyT aTaku o yr; =0 mpots-
TOM 3aaHoro vacy vz,

— Ha npyrii nacusHii gl TpaexTopii (ITIAT2) monit KPO no makcumans-
HOI BHCOTH H 5y, TIPH LIOMY TIpOrpaMa 3MiHU KyTa TaHTaxa 3a0e3nedye BUXiJ Ha
3aaHe  MIHIMaJbHO  TNPHUIYCTUME  3HAYEHHS  IIBUJAKICHOTO  Hamopy

min - 50 kre/m%;

Hmax
— Tpets nacuBHa ainsiHKa Tpaekropii (I1IJIT3), Ha skili mporpama 3MiHH KyTa
TaHraka 3a0e3reuye MOIT 3 JTIHIHHOO 3aJIeKHICTIO TaHTaXka BiJ] yacy, Je Koedilli-
€HTH BUOMPAIOTHCS 32 YMOBU BHXO/Y HA 3aJlaHUH KYT aTaku O ;7y73 =0 mpoTsarom
3aaHoro vacy tyyrs;

— yeTBepTa nacuBHa AinsiHKa Tpaekropii (I1JT4), Ha skili mporpaMa 3MiHH Ky-
Ta TaHTaka 3abe3neuye MOMIT 3 JIHIHHOI0 3aJIeKHICTIO TaHTaXa BiJl 4acy, Je Koe-
¢inieHTH BUOMPAIOTBCS 3a YMOBM TOJBOTY 3 TOCTIHHUM KyTOM aTaku
O j7y74 = O ;7y73 10 3a1aHOT BUCOTH H ;7y74 ;

—m'sta nacuBHa AisiHKa Tpaekropii (IIATS), Ha skili mporpaMa 3MiHH KyTa
TaHraka 3a0e3rneyye MoJiT 3 JIHIHHOIO 3aJeKHICTIO TaHraXka BiJj yacy, 1e Koedii-
€HTU BUOMPAIOTHCS 32 YMOBU BHUXOIy Ha 3a/JlaHUH KyT TaHTaxa MiJUIbOTY OO0 L

¢, =—90" 3a npomixok 4acy tyrs;

— Ha mocTii nacusHid AinsHi Tpaektopii (IIAT6) mporpama kepyBaHHA py-
xom KPO 3abesneuye momit 3 mocTiiHUM y vaci Kytom Tanraxa ¢, =-90" mo
JOCSITHEHHIO BUCOTH MiUTbOTY 710 Ittt H . =1 m.

OntumaneHi mapaMeTpu aepo0aicTUIHOT TpaeKTopil HaBeJeHO B Tabwmili 3.
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Tabuuus 3
OnTuManbHi TapaMeTpH aepodaTiCTUIHOT TPpa€EKTOPii 3 BepTukaibHuM ctapToM KPO,
KOJIM 9uclio Maxa nocsirae M=[6+7]

Xapakre- | Po3wmip- | [ianaszon | OnTuManbHi .
. [IpumiTka
pUCTUKA HICTb S3HAYCHHA 3HA4YCHHA
. HeoOxiguuii KyT TaHTa)ka Halpu-
P gyr rpan. | [32+45] 34,27 kirmi AJTT
] TpuBanicTe BUXOJY Ha HYJIbOBHUI
t -
VTl ¢ [5+13] > kyT ataku HanpukiHmi [TAT1
HeoOxigauii KyT aTaky HampHKi-
o - .
1IVT3 rpag. | [10+20] 15 g T[T
TpuBanicTe BUXOIY HA 3aJaHUH
t + o
vrs ¢ [5+50] 30 KyT ataku Hanpukiami [1J1T3
3agaHa BUCOTH MOJBOTY HaNpH-
H =
nvra KM [5 +20] 15 kinmi I[TAT4
[Tpomixkok yacy BUXOIy Ha 3aja-
tryvrs C [15+60] 50 HUH KyT TaHra)xxa miJyiboTy 10
il
L KM 418,491 JlanpHiCTh IOTBOTY

Cxema moJbOTy 3a TpaekTopielo 4 (aepobayicTHUHA TPAEKTOPIS THUILY
«WKYK»):

— BepTUKAJIbHA AUISHKA pyXy — moiiT npu podoti PJTII 3 mocTiitHuM KyTOoM
TaHTaXa Qer; =90° BOPOAOBK 331aHOTO Yacy tye;

— BUXiJ Ha NOTPiOHMH KyT Tanraxa HanpukiHmi AT ¢ 47 ;

— BHUXiJ HA HYJIbOBHH KyT aTaku O 7y =0 32 3amanuii 9ac t,;y HaOpUKiHLI
niepiroi macuBHOI MinsHKY TpaekTopii (ITT1);

—Ha apyriit nacuBHii ninsgHIi Tpaektopii (IIJT2) momit o MakcuManbHOI
BUCOTH H ., 3 BHXOJOM Ha MiHIMaJbHO HPUIYCTUME 3HAUCHHS IIBHJKICHOTO

Haropy Q,Trinrlx =50 krc/m?;

— BUXIiJl Ha HYJIbOBUH KYyT aTaku o ;7y73 =0 3a npomikok uac t;yr; Hampu-
KIHIIl TPeThOT NacUBHOI AlIsTHKH TpaekTopii ([TT3);

— Ha yeTBepTii nacusHiil ainsHII TpaekTopii (ITAT4) nomit KPO npoBoanuTs-
Cs1 3 MOCTIHHUM KyTOM aTaku o ;7y74 =0 10 3amanoi Bucotd H ;yra;

—Ha m'aTii nacuBHIA ginsHII Tpaektopii (IIJITS) momit KPO 3 Buxogom Ha
HOTPIOHUH KYT aTaku O ;7y75 = Olgonst 38 IPOMDKOK Yacy tyrs =t

Olconst ’

— Ha mocTiii macuBHiA AursHII Tpaektopii (IIJT6) momit KPO mo mocsruen-
HIO 33J]aHO01 MBUAKOCTI V j7y76

—Ha choMill nmacuBHIA quItHII Tpaektopii ([TJIT7) micns JOCSTHEHHS UIBHI-
KocTi V 7y7e moiit KPO 3 BUX0J0M Ha 3aJjaHUi KYT TaHTaXa MPH MiAIBOTI 10 Wi
¢, =—90" 3a npomixok yacy tyr7 = to.

— Ha BocbMil macuBHil ainsHi Tpaekropii (ITAT8) momit KPO 3 mocTiitaum
KyTOM TaHraxa @, =—90° Mo IOCSTHEHHIO BUCOTH MitboTy 10 wimi H =1 m.

OnrtumaneHi mapamerpu ooty KPO 3a TpaekTopiero 4 HaBeneHO B Tadmwmili 4.
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Ta6murs 4
OnTuMalbHi TapaMeTpy aepoOaTicTHIHOI TpaekTopii Ty «KYK» 3
BepTHKAIBHUM cTapToM KPO, xomu uncino Maxa gocsrae M=[6+7]

Hiamazon | OnTuManbHi .
XapaKTepHUCTUKa SHAUCHD SHAUCHHS ITpumiTka
. [ToTpiOHMIA KyT TaHTa)Ka HAIIPUKiH-
¢ 4y, TPAA. [32+45] 34,27 i AJIT
N TpuBanicTe BUXOJY Ha HYJIbOBHUI
tayre: © [5+15] 5 KyT ataky Hanpukinm [TT1
N TpuBanicTe BUXOJY Ha HYJIbOBHUI
tavrs: C [5+12] 5 KyT atakd Hanpukinoi [TT3
[loTpiOHA BHCOTA MOJILOTY 3 HYJIHO-
H7yra, KM [25+54] 53,9 BHM KYTOM aTaK¥ HaIPHUKIHII
[11T4
O 7y75 = Qeonsts [7+14] 11 [loTpiOHMIA KyT aTaku HANIPUKIHII
rpaj. [IATS
tryrs =l [5:20] 5 TpuBaicTh BUXOY Ha 33JaHUN KYT
c ' araky Hanpukinmi [TTS
trvrr =to,: C [45-70] 62 IIpomixkok Yacy BUXOIy Ha 3aJaHHi
c KYT TaHTaXa TiATOTY JI0 M
L, xm 427,702 JlaJIbHICTh TIOJIBLOTY

g pizHUX 3HaveHb yucia Maxa B TaOi. 5 —7 mpuBeIeHO NporpamMu Kepy-
BaHHS KyTOM TaHraxa B uaci Ha AJIT ans mocnimkyBanux cxeM nonboty KPO 3a
KPHUTEPIiEM JIaNbHICTb.

Ha puc.1 — 3 300paxkeno 6amictuyHi i aepodanictuuni Tpaektopii KPO 3 mak-
CHUMaJIbHOIO NANBHICTIO, KOJK Ynciio Maxa jocsirae pi3HUX 3HaYCHb.

Tabmus 5
[Iporpamu KepyBaHHS KyTOM TaHra)ka B 4yaci Ha aKTHBHIHN TUISHII TPAeKTOPIT ISt
pizHux cxem nonsoty KPO 3 BepTUKanbHUM CTapTOM 3a
kputepiem panbHicTs L (kM), Kosn uncno Maxa gocsrae sHadeds M=[6+7]

Tun nporpamu KepyBaHHs Ha aKTHUBHIHN JUISTHII TPAEKTOPIi

1 . 2 . 3 .

PPl | o= Acth | e®=2 At | o®= At

i=0 i=0 i=0

Tpaekropis 1 359,995 342,862 335,045
Tpaekropis 2 276,434 248,329 239,587
Tpaekropist 3 418,491 367,954 363,320
Tpaexropis 4 427,702 378,315 374.194
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H, km

—>— TpaexTopis_1

— — TpaekTopia_2
%« —o— TpaexTopisa_3
TpaekTopis_4

Y

A\
\
0 100 200 300 400 500 L,Kkm

N
Mh
% W

Puc. 1 — 3anexHicTh 3MiHM BUCOTH BiJl MOTOYHOT faykHOCTI oboTy KPO 3a
OaTiCTHYHUMH 1 aepOoOATICTUYHIMH TPAEKTOPISIMH 3 BEPTHKAIBHIM CTApTOM,
KOJIM uKciio Maxa nocsirae 3HauyeHb M=[6+7]

Tabmuus 6
[Iporpamu kepyBaHHS KyTOM TaHTa)ka B 4aci Ha aKTUBHIH TUIHIN TpaeKTOPIl IS
pisnux cxeM 10ib0Ty KPO 3 BepTUKAIBHIM CTapTOM 33 KpUTEPieEM HaibHicTh L (kM),
Koy yrciio Maxa nocsirae 3HaueHb M=[5+6]

Tun nporpaMu KepyBaHHS! Ha aKTHBHIN JUJISTHIN TPAEKTOPIl
1 _ 2 _ 3 ]
1Paaoplt o= At | o®=D At |o®= At
i=0 i=0 i=0
TpaexTopis 1 217,135 207 194,049
TpaexTopis 2 220,930 207,647 197,710
Tpaextopis 3 278,106 262,453 249,804
TpaexTopis 4 282,167 265,920 251,404
H, km
60 TpaexTopisa_1
— — TpaexTopia_2
50 —o— TpaekTopia_3
40 TpaekTopis_4
30 A
20 A
10
O = v,
0 50 100 150 200 250 300 L, km

Puc. 2 — 3anexHicTh 3MiHH BUCOTH BiJ] IOTOYHOT naikHOCTI monkoty KPO 3a
OaTiCTHIHUMH 1 aepOoOATICTUYHIMH TPAEKTOPISIMH 3 BEPTHKAIBHUM CTAPTOM,
KOJIM yuciio Maxa nocsirae 3HaueHb M=[5+6]
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Tabmmrs 7

[Iporpamu kepyBaHHS KyTOM TaHra)ka B 4aci Ha aKTHBHIHM JUISHIU TPAeKTOPIi Ai1s
pizHux cxeM 1100Ty KPO 3 BEpTHKAIBHMM CTAPTOM 33 KpUTepieM JaibHicTs L (km),
KoM 9uciio Maxa nocsirae 3HaueHb M=[3+4]

Tun nporpaMu KepyBaHHsI Ha aKTHBHIM JUISIHII TPa€eKTOPii
. 1 2 3
TpaekTopii i i i
PRERTEP oM)=2 At | o= At | eh)=3 At
i=0 i=0 i=0

TpaexTopis 1 66,532 59,872 52,452
Tpaexropis 2 54,785 54,058 50,163
Tpaekropis 3 59,716 59,342 57,699
Tpaexropis 4 73,320 70,536 68,932
H, km
35 TpaexTopisi_1
30 P — = TpaexTopisi_2

MWV —o— TpaekTopia_3
25 TpaekTopis_4
20 %
15 5
10 %M L\

\
5 1 \ ™
iy YA
0 10 20 30 40 50 60 70 80 L,km

Puc. 3 — 3anexHicTs 3MiHH BUCOTH BiJl MOTOYHOI nankHOCTI moboty KPO 3a
OaNiCTHIHAMH 1 aepOOATICTHIHIMHA TPAEKTOPISIMA 3 BEPTUKAIEHIM CTapTOM,
KoJi uKciio Maxa nocsirae 3HaueHb M=[3+4]

Amnani3 pe3ynbTartiB ontuMizanii pizHux tpaekropiit KPO 3a xpurepiem manb-
HICTh TIONHOTY L TOKa3aB, M0 ONTHUMAIBHOK MPOTPaMOI0 y KIIaci MOJIIHOMIiallb-
HUX (YHKIIA Ha aKTUBHIHN JIUISHII TPAEKTOPIi 3 BEPTUKAIBHUM CTAPTOM € JiHiiTHA
3alIeXKHICTh KyTa TaHTaXKka BiJ| 4acy.

BucnoBku. BukoprucraHo MeromuuHe 3a0e3rnedeHHs [5] s onmTHMizarii
MPOEKTHUX MapaMeTpiB 1 mporpam kepyBaHHs pyxoM KPO cxemu «kauka» 3a Kpu-
TepieM JalbHOCTI OANICTUYHUX 1 aepo0aiCTHYHUX TpaekTopid. Buznaueno onru-
MaJIbHI MIPOrpaMu 3MiHHM B Yaci KyTa TaHTa)ka 3a KPUTEPIEM JATBHOCTI JOCHIIKY-
BaHUX TpaekTopiii KPO 3 BepTukanbHUM CTapTOM, KOJIM YUCiI0o Maxa mocsrae pis-
HUX 3Ha4eHb. AHaJi3 pe3yJbTaTiB ONTHMI3aLii mapaMeTpiB OanicTHYHMX 1 aepola-
JCTUYHOI TpaeKTopiil 3a KpuTepieM HanpHicTh nodaboTy KPO mokasas, mo onrtu-
MaJIBHOIO ITPOTPaMolo y Kiiaci mojiiHoMianbHuX QyHKIIA HA aKTUBHIN AIJISHII Tpa-
€KTOPI{ 3 BEPTUKAIBHUM CTApTOM € JIiHiiHA 3aJIe)KHICTh KyTa TaHTaXka Bif dacy.

Bimznaueno, mo, nanpHicTh m0a60Ty KPO icTOTHO 3anexuTh Bij 3HaUY€Hb 00-
PaHUX MPOEKTHHUX MapaMeTpiB, MapaMeTPiB TPAEKTOPIi Ta IporpaM KepyBaHHs, 1110
ONTUMIZYIOThCSA. Y 3B'I3Ky 3 MM ONTHMIi3alis o0paHuX (Ta, MOXIJIHMBO, 1HIIUX)
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rapaMeTpiB NPy BUPIIICHHI KOHKPETHUX IIJIbOBUX 3aJ1a4 MPEACTABISETHCS HE00-
X1JTHUM TIOYaTKOBHUM eTarroM npoektyBanus KPO.

HocnimkenHs BUKOHaHI 32 paxXyHOK (piHaHCYBaHHsS 3a OIOKETHOIO Iporpa-
Moro «llinTpuMKa pPO3BUTKY MPIOPUTETHUX HANPAMIB HAYKOBHX JOCHIIKEHBb
(KTIKBK 6541230) Ha 2023 — 2024 pokun».
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