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®OPMYBAHHSA BUXIJIHUX JAHUX JIJIS1 BUPIIIEHHSA 3AJAY
MAPIIOBOI'O PO3PAXYHKY HAJ/I3BBYKOBOT'O OBTIKAHHSA PAKET
PI3HOI'O KOMIIOHYBAHHS
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HajaHo 3aranpHUN OIS CKJIAJOBHX CIEMEHTIB Ta KOMIIOHYBAJIbHHX CXEM, IO BHKOPHCTOBYIOTBCS Yy
HaJ3BYKOBHMX PaKeTaxX PI3HOro mpusHadeHHs. KOMIIOHYBaHHS pakeTH 3aJaeThCs y BUIILII KOpIycy i HaGopy
€IIEMEHTIB (KpWJIO, pyib, cTabimi3aTop, mecrabimizaTop, HaaOynoBa), IO PO3MIILIEHI B3IOBXK KOPIYCY paKeTH.
Meroro wi€i po6oTH € po3podka €IMHOro MiAXOLy A0 3aBIAHHS MapamMerpiB GOpMH KOMIOHYBaHb pakeT He3a-
JIeXHO Bif iX Tumy. [[JI1 KOMIOHOBOK pakeT CKIaaHOI KOHQIryparii mponoHy€eTbCsl BUKOPHCTOBYBATH MiAXiM, Y
SIKOMY 3aBJaHHS (OPMU KOPIYCY pakeTH i JONATKOBHX €JIEMEHTIB, LIO PO3MILIYIOTHCS Ha KOPITYCi paKeTH,
3IIHCHIOETBCST HE3aNeKHO. [IpUB'3Ka TODATKOBHX EJIEMEHTIB PAaKETHOTO KOMIIOHYBAaHHS [0 KOPIIYCy pPakeTd
BUKOHYETHCSI MapaMerpamu (yHKIIOHYBaHHsA. BukopucTaHHs mapaMerpiB (yHKIIOHYBaHHS MOB'A3y€ KOXKEH
JIOIATKOBUI €JIEMEHT PAaKeTHOrO KOMIIOHYBAaHHS 3 ii KOPIyCOM, LIO J03BOJISIE CTBOPHTH YHi(iKOBaHHI CIocid
3aBJIaHHS TCOMETPHYHHUX MApaMETPiB PAKETHUX KOMIIOHOBOK pi3HOi (opmu. Lleit mifxia po3BUBAETHCS y HAIIPSIM-
Ky YCKJIaJHCHHs (JOPM €JIEMEHTIB KOMIIOHYBaHb PaKeT 3 JOBUILHAM PO3MIIICHHSIM X Ha Kopmycax pakeT. Popma
30BHIIIHBOI MOBEPXHI KOXKHOTO €IEMEHTY PAaKeTH 3a[a€ThCs B JEKAPTOBIH CHCTEMi KOOPIMHAT, IO >KOPCTKO
0B’s[3aHa 3 UM EJIEMEHTOM.

Po3pobnieno yHidikoBaHuii miaxix Ho 3aBHaHHSA (OPMH 30BHIIIHIX MOBEPXOHb PI3HHUX €JIEMEHTIB PaKeTH.
BiAnoBifHO 10 3arajbHOI CXEMH 3aBIAHHS T€OMETPUYHHUX apaMeTpiB €IEMEHTIB KOMIIOHYBAHHS PAKETH BHUKO-
PHCTOBYIOTBCSI TaKi CIOCOOM: aHAMITHYHHEN, (OpPMOIO B IUIaHi, (OPMOIO B IUIAHI Ta MOMEPEYHHMH MPOMIIIMU
eJIeMeHTa 110 OOpTOBIii Ta KiHNeBiil xopai. s onucy GopMH NOBEpXHi elneMeHTa BKa3yeThes crocib ii 3aBnaHHs,
KiIBKICTh BU3HAYaIbHUX [IapaMETPIB Ta 3HAYCHHS LUX I1apaMeTpiB.

Ilpu 3aBaaHHI BUXIJHNX JAHHX KOMIIOHYBAaHHSI PAaKETH HEOOXiTHO BCTAHOBHTH KiIBKiCTh JOJATKOBHX €Jie-
MEHTIB, 10 PO3MIILIYIOTbCS Ha i Kopimyci. JlJist KOXHOro eneMeHTa KOMIIOHYBAaHHS 3aJal0ThCsl [apaMeTpH, II0
BU3HAYAIOTh HOro (opMy, MicIie po3TalryBaHHs Ha KOPITYCi i KyT HOro BiaxmieHHs. KoKHOMY eIeMeHTy KOMIIO-
HyBaHHS BiIMOBifae cBiit Habip BuxigHux nanux. Lleit Habip maHUX CKIAIAa€ThCA 3 MapaMeTpiB, [0 BU3HAYAIOTH
(hopMy 1bOTO eneMeHTa Ta mapaMeTpiB Horo GyHKIIOHyBaHHS y CKJIaai KoMIoHyBaHHs. CopMoBaHa CTpyKTypa
CTaHAAPTHOTO (ailly BUXIIHUX NAHUX Ul 3aBJaHb POPM KOMIIOHYBaHb PAKeT.

Kniouosi cnosa: pakema, kopnyc, Kpuio, opean Kepy8auHs, cmabinizamop, decmabinizamop, Ha00y0o0ed,
6UXIOHI OaHi, HAO38YKOBULL NIIUH.

This paper gives a general overview of components and layouts used in supersonic rockets of different pur-
poses. The rocket layout is specified as a structure and a set of components (a wing, a rudder, a stabilizer, a desta-
bilizer, and a superstructure) arranged along the rocket structure. The goal of this work is to develop a unified
approach to specifying the shape parameters of rocket layouts regardless of the rocket type. For complex-shape
rocket layouts, the paper proposes an approach in which the shapes of the rocket structure and the additional
components installed thereon are specified independently. The additional components of the rocket layout are
bound to the rocket structure using operation parameters. The use of the operation parameters binds each addi-
tional component of the rocket layout to the rocket structure, thus offering a unified method for specifying the
geometrical parameters of variously shaped rocket layouts. This approach is developed towards more complex
shapes of rocket layout elements arbitrarily placed on rocket structures. The outside shape of each rocket compo-
nent is specified in a Cartesian system of coordinates rigidly bound thereto.

A unified approach to specifying the outside shape of various rocket components is presented. According
to the general scheme of specifying the geometrical parameters of rocket layout components, they are specified by
three methods: analytically, by plan shape, and by plan shape with board and end chord profiles. To describe the
outside shape of a component, the specification method and the number and the values of its key parameters are
specified.

To specify rocket layout input data, one has to fix the number of additional components to be installed on
the rocket structure. For each layout component, the parameters that define its shape, location on the rocket struc-
ture, and deflection angle are specified. To each layout component there corresponds an input data set of its own.
The set consists of parameters that define the shape of the component and parameters of its operation as a part of
the layout. A standard input data file for specifying rocket layout shapes is configured.

Keywords: rocket, structure, wing, control, stabilizer, destabilizer, superstructure, input data, supersonic
flow.

Opranu KepyBaHHSI MOJILOTOM PaKeTH y310B:K 3a1aHoi TpaeckTopii. Criii-
KiCTh IOJIBOTY PAKETH Y3JI0BXK 331aHOT TPAEKTOPIi € OCHOBHOI BUMOTOIO, IIO IIpe-
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JUSIBIIIETHCS 10 pO3POOKH 1 cTBOpeHHs paketH [1]. EQekTrBHUI KOHTPOJIb TPaeKTO-
pii oJBOTY BUMarae Oe3nepe0iiHol i TouHol poOoTH OpraHiB kepyBaHHs. [loBepxHi
OpraHiB KepyBaHHs MOBUHHI MaTH HAWKpally MOKJIMBY KOHQITypallito s nepenoa-
4yBaHOI MIBUAKOCTI MOJBOTY. IX TIepeMillleHHs TOBHHHI 3IiliCHIOBATHCS 3 HOCTAT-
HIMH 3YCHIDISIMU JIJIsl 300YTTsl HEOOXiJHOTO MoJoKeHHs oprany. Ha puc. 1 moka-
3aHI CKJIaJOBI €JIEMEHTH, II0 BHUKOPHCTOBYIOTHCS B HAI3BYKOBHX pakerax [2].
Ham3BykoBi omnepeHHsI € CHUMETPUYHUMH B TIOMIEPEYHOMY TMEPETHHI 1 MalOTh Majy
ToBITUHY (puc. 1, a), 110 3a7a€ThCS SK BiTHOIIEHHS MaKCUMAaJIbHOT TOBIIMHHU JI0 JI0-
BXHHU Xopau npodirmto. [loxsiitanit kv (double wedge) mae HalimeHIHiA orTip A7
3a/1aHo0{ BITHOCHOI TOBIIMHH MPOdiTF0, ajle B IEIKUX KOMITOHOBKaxX HOTo HE BUKOPH-
CTOBYIOTh, TOMY II[0 HOMY HE BHCTadae MiaiHoMHOl cuar. MoandikoBaHUNA TOABIMH-
Huit ke (modified double wedge) mae BimHOCHO HM3BKHI omip (Xo4a ¥foro ormip
3a3BHYA BUIIE, HIXK B ITOJIBIHOTO KJIMHY TaKO1 JK TOBIIMHM) 1 MIHOMHY CHITY BUIIIE,
HiK y mofgiiiHOTOo KiuHY. I[Ipodins Biconvex mae Ha TpetnHy Oiiblie MiAHOMHY
CUIIy BiTHOCHO TOJBIMHOTO KJIWHY TPW TOMY X CITiBBiJHOIIEHHI ToBmMHU. Lle
HaMKpamuyi 3 TpboX Mpo(iiB, ae BiH CKIaTHIIA Y BATOTOBIICHHI.
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a) (hopMH TIOTIEPEUHUX NEPETHHIB HA/I3BYKOBHX OIIEPEHb;
0) (hhopMHU B TUIaHI HAJ3BYKOBUX OICPEHb;

B) V- 00pasHe po3TanryBaHHS KPILT;

') HAKOHEYHUKHU paKeT

Puc. 1

dopma onepennst B iaHi (puc. 1, 6)) — me 3a3Buyail aenbTa-MoaudiKoBaHa
dhopma (raked tlp) abo onHa 3 (opm NPSIMOKYTHOTO THILY. Taki gopmu 3HAYHO
3HWKYIOTh ~ OYiKyBaHI  yJapHOXBWIBbOBI  epextn. [loenHaHHs — nenbTa-
Moudikoanoi Gopmu 1 V-00pa3HOro posTallyBaHHS KPWJI Ha KOPIYCi pakeTH
HOKpAaIlye KEepyBaHHS PAKETOI0, OCKUIBKM MDK KpHJIaMH 3HaXOIUTHCS 30HA
MiJBUIIIEHOTO TUCKY 3 OLIBII CTUCIIUM TOBITPSIM.

Jdnst  pakeTd HAWBaXJIMBIIIMMHU  aepOJMHAMIYHUMH  KoeQillieHTaMH €
KOeQIIIEHTH CHIIA OIOPY 1 MiIHOMHOI CHJIH, & TAKOX KOe(IliEHTH MOMEHTIB TaH-
raxy, puckaHHsi 1 kpeHy. Lli KoedillieHTH XapaKTepu3ylOTh Mipy JOCKOHAIOCTI
KOMITOHOBKHY PaKeTH, CTIHKICTh 1 KEPOBaHICTh 11 MOJBOTY.
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Cua omopy Ta IigifoMHa CHIIa TIPSIMO TIPOITIOPITIHHI KBaIpaTy MIBHIKOCTI paKe-
TH 1 B 3HaYHIN Mipi X CHIBBIAHOIICHHS BH3HAYA€ KEPOBAHICTh PaKeTH. Sk mpaBwmiio,
HAJ3BYKOBI paKeTH PO3POOIISIOTHCS 3 YpaxyBaHHSIM BUMOT ITIOJI0 MiHIMi3aIlii OImopy.
KoMmIioHOBKa pakeTH 3 MEHIIHM OIOPOM JIO3BOJISIE BUKOPHCTOBYBATH DPAKETHUM
JIBUT'YH MEHINOI TOTY>KHOCTI 3 MEHIIIOI0 BHTpPATOIO MAaNbHOTO. Pe3ynbTyroua exo-
HOMis 00'eMy 1 Baru Mo>ke BUKOPUCTOBYBATHCS JUISI PO3IIMPEHHS /Tialla30Hy MOIBOTY
paxeTH, 301bIIEHHS KOPUCHOTO HABAHTAXKEHHS, SMEHIIIEHHS i1 3araJlbHOTO PO3MIpY.

3aranpHHAN OIMip HAA3BYKOBOI paKeTH CKIIAIAETHCS 3 OMOPY KOPITyCy, KpHia i
OTICPEHHS, a IHINUA YUHHUK, SKOTO HEMa€ MPHU JO3BYKOBOMY TOJIBOTI, B3aEMHHI
BIUTMB Ha OIip OKPEMHUX €IeMEHTIB pakeTH. Ha HaA3BYKOBHUX IIBUAKOCTSIX MEpeBa-
T'Yl KPUBOJIHIMHUX TIpodiiB Oiybllle HE iCHY€E, a KOHCTPYKIII KpHiia MalOTh OyTH
3MiHEHI B TIOPIBHSHHI 3 J03BYKOBHMH Tpodinsmu. Ha omip xpuia BrumBae Horo
BIIHOCHA TOBIIMHA, CTPIJIOMOAIOHICTE, OIOBXKEHHS, TToniepeuHuii podinb. Ormip
KpHJIa MOXe CHIIFHO 3MIHIOBATHCS B Kpally abo TipIry CTOpPOHY 3alie)KHO Bif (op-
MH KOPITyCy pakeTH, Ha SIKOMY BOHO BCcTaHOBIeHe. OCKUTBKH OITip MPOTIOPIIHHII
KBaJpaTy IBHIKOCTI, TO 3a/laya MiHIMi3amii omopy KOMIIOHOBKH CTa€ TepIIodep-
TOBOIO TIpH 30UTBINICHH] IMBUAKOCTI paKeTH.

Crilika miaoMHa cHia, 110 JOPIBHIOE Ba3i pakeTH, TPUMAE pakeTy Ha 3agaHiit
BHCOTI MonbOTy. JlomaTkoBa migiioMHa criia Mae€ OyTH AOCTYITHA IS 3a0e3MedeH-
HsS MaHEBpyBaHHS pakeTd. Pakera mae OyTu Tak po3pobOiieHa, mo0 HeoOXimHui
piBEHB MiIHOMHOI CHIIM pealli3oByBaBCs NP MiHIMaIbHOMY omopi. J{ist 3amoBinb-
HOTO BIATYKY Ha KepyBaHHS, MiIHOMHA CHJa MOBHHHA TUTABHO 3MIHIOBATHCS 3a-
JIKHO B KyTa aTakw.

3aBaanHs napamMertpiB popMH MoBepXHi eJIleMEeHTIB KOMIIOHYBAHHS paKe-
TH. OCHOBHUMH €JIEMEHTAMH aepOJUHAMIYHUX KOMIIOHOBOK PakeT Pi3HOTO IpH-
3HA4YeHHsI € KOPIYC, KPHJIO, OpraHu cTadimi3allii, KepMOBi opraHH, aecTabimiza-
TopH, Kopoba, pi3Hi HanOyxoBH [2].

Bunyn KOMITOHOBOK, IO BHKOPHCTOBYIOTH Pi3HI CIOCOOHM aepoIWHAMIYHOTO
KepyBaHHSA MOJILOTOM pakeTu [3], HaBeZeHo Ha pucC. 2!
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a) HOpMaJIbHA CXeMa KepyBaHHS 3 BIIXHJICHHSIM XBOCTOBOT'O OIIEPEHHS;
0) cxema «0e3XBOCTKa» 3 BIAXMICHHSM €JIEPOHIB Ha KiHIISIX KPHJL;

B) CXeMa «Ka4yKay 3 BIAXWICHHSAM JIeCTa0lIi3aTopiB;

T') cXeMa 3 BIIXWIJICHHSIM KPHJI

Puc. 2
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a) HopMaibHa cxeMa (puc. 2, a)), B SAKii KepyBaHHS IOJBLOTOM 3IiHCHIOETHCS
3a paXyHOK BIXHJICHHS XBOCTOBOTO OTIEPEHHS;

0) cxema «0e3xBocTKa» (puc. 2, 0)), B AKiil KEPYBaHHSA MOIBOTOM 3IiHCHIOETH-
Cs1 33 paxyHOK BiIXWJICHHS €JIEPOHIB, PO3TAIIOBAHNX Ha KIiHIIAX KPHIT;

B) cxema «kadka» (puc. 2, B), B sKiii KepyBaHHS MOJHOTOM 3JIHCHIOETHCS 32
paxyHOK BiIXHJIEHHS JecTaliini3aTopiB, pO3MIMIEHNX B NEpeaHiil YacThHI Tija 1e-
pel LEHTPOM Mac pakeTy;

r) cxemMa 3 BIIXWICHHAM Kpuia (pucC. 2,T)), B SKili KEpyBaHHS IOJbOTOM
3MIACHIOETHCS 332 PaXyHOK BIAXWIICHHS KPWJI, II[0 PO3TAIIOBaHI B CepeaHiil acTuHI
paKeTH.

AHaTITHYHUA METOJT TOOYJOBH T€OMETPUIHOI MOJIENI, IKa MOXKe OyTH BHKO-
pHCTaHa IS MPOBEACHHS YUCEIbHUX JOCIHIIKEHb MPOCTOPOBUX TeUill s CKIIad-
HUX KOH(]irypatiit, npencrasienni B [4]. HaBegeHo aHamiTH4HI CITiBBiTHOIIEHHS,
[0 BUKOPUCTOBYIOTHCS TSI TOOYTOBHM CKIIQJHOI TeOMETpii KOPIYCiB, a TAKOXK J1a-
HO OITUC aITOPUTMY TMOOYAOBH TeOMETPil 130IbOBAHUX KPHJII 3MiHHOI CTPiJIONO/io-
HOCTI TI0 TIEpeIHIH KPOMIIi 3 MmapaboaidHuM TpodiieM Ta IUIOCKOI0 CepeanHHOI0
noBepxHer0. s moOymoBu TeomeTpii CKIagoBHX KOH(Irypamiif, Takux K
KOMOIHAIIisI KOPITyC+KPHIIO, OTIFICAHO aJITOPUTM peali3allii CTHKYBaHHS CKIIQJIOBUX
€JIEMEHTIB IIi€l reoMeTpii.

VY cTaTTi 115 KOMIOHOBOK PaKeT CKIIAIHOI KOH(DIryparlii mIponoHy€eThCS BUKO-
PUCTOBYBATH MiJXil, y SKOMY 3aBIaHHS ()OPMHU KOPITYCY PAaKETH 1 JTOJaTKOBUX
€JIEMEHTIB, PO3MIIIEHNX Ha KOPITyCi paKkeTH, 3MIHCHIOIOTECS He3anexxHo. [ mpu-
B'SI3KM JOJATKOBUX €JIEMEHTIB PAKETHOTO KOMIIOHYBaHHS JI0 KOPITYCY BUKOPHCTO-
BYIOTBCS ~ mapaMmeTpu iX  (yHKIIOHyBaHHSI. BHKOpHCTaHHS  TapaMeTpiB
(YHKITIOHYBaHHS MTOB'SI3y€ KOXKEH J0JAaTKOBHI €IEMEHT PAKETHOTO KOMITOHYBAaHHS
3 il KOpIycoM, IO TO3BOJISIE CTBOPHUTH YHi(hiKOBaHWH CIOCIO 3aBJaHHS T'€OMET-
PUYHUX MTapaMeTpiB paKeTHUX KOMITOHOBOK Pi3HOI (hopMH.

He3zanexxHo Bin THIIIB pakeT BUKOPUCTOBYETHCS €AMHUN YHI(IKOBAaHUI TiAXiT
IO 3aBJIaHHS apamMeTpiB (GOpMH KOMIIOHYBaHb PaKeT:

— reOMeTpUYHUX (POpM MOBEPXOHHb KOMIIOHYBAHHS PaKeTH — KOPIYCY paKeTh
Ta Pi3HUX €IIEMEHTIB KOMIIOHYBaHHS;

— IapameTpiB PO3MIIIEHHS eIEMEHTIB KOMIIOHYBaHHS Ha KOPITYCl paKeTH.

Le#t miaxig po3BUBAETbCA y HANPSAMKY YCKIQJAHEHHS (OpM KOPITYCiB i ee-
MEHTIB KOMIIOHYBaHb pakeT (Kpwj, KEepPMOBUX OpTaHiB, crTaldimi3aTtopiB, je-
cTabinizaTopiB, HAAOYIOB) 3 TOBLIEHUM PO3MIIIEHHSIM iX Ha KOPITycaX pPakKer.

BBezemo mpaBy nekapToBy cucteMy KoopauHaT OXyZ 3 MoYaTkoM B HOCHKY
koprycy paketu T.O , Biccto OX , 1o cnpsiMOBaHa Y3JIOBXK KOPITyCYy PakeTH Bij
HOCHKA JIO JIOHHOTO 3pi3y, miomuHa XOY JeXUTh B TUIOIIUHI CUMETPii pakeTH,
Bich Oy cnpsiMoBaHa Bropy, Bicb OZ JI0NOBHIOE CHCTEMY KOOPIMHAT 70 IpaBoi. 3
JIEKapTOBOIO cUcTeMoro kKoopauHat OXyz TmoB’s3aHa IWIIHAPHYHA CHCTEMa KO-
opaunat OE&r 0, 1mo BUKOPUCTOBYETHCS /IS 3aBJAaHHS KOpIycy pakeTd. [loyatok
1i€i cHCTEMU KOOPJIMHAT TaKOX 3HAXOJHUTHCS B HOCHKY Kopmycy, Bick O& crps-

MOBaHa 0 0Ci KOPITyCYy BiJl HOCHKA JI0 JOHHOTO 3pi3y, a MepHIiOHAIbHA TUIOIIMHA
0=0 30iraeTbCcsi 3 HWKHBOIO HANIBIUIOLIMHOIO CUMETpil Tija. 3HAUYEHHS KyTa
6>0 BiAMoBia€ MOBOPOTY MPOTH TOJUHHUKOBOI CTPIIKH TPH CIIOCTEPEKEHHI 3
HOCHKA TiJa.

st 3aBaaHHs GOpMH KOXKHOTO €JIEMEHTY PaKeTH BUKOPHCTOBYIOTBCS IEKAPTOBI
cuctemu koopuHar OX 'Y Z' | 110 5K0pCTKO TOB’s13aHi 3 MU €IEMEHTAMH.
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3aBaaHHs napametpiB opMH Kopmycy HaJ3BYKoBoi pakeru. Kopmyc pa-
KEeTH YMOBHO MO)KHA PO3JUINTH Ha HAKOHEYHHK 1 OCHOBHY IUISHKY 3 XBOCTOBH-
koM. OCHOBHA JISHKAa KOPITyCY PaKETH MOXKE CKIAmaTHCS 3 KOMOIHAIIA TaKux
€JIEMEHTIB: IMIIHAPH, 3pi3aHi KOHyca, OKHWBaja, AUISHKH 3 MapaboidHOI0 TBIip-
HOIO. 3aBmaHHA (GOPMH MOBEPXHI KOPIYCY paKeTH 3AIMCHIOETHCS B OCHOBHIH
OWTHApHIHIA cuctemi koopauHaT OE&r 0. dopma KopIycy pakeTd BU3HAYAETHCS
Ha0OpOM BHIXITHHX JaHWX, KA TO3BOJISIE BU3HAYATH paliajbHy KOOPAWHATY I
TOYKH Ha MOBEPXHI KOPITyCY 1 30BHILIHIO HOPMaib Ny, 10 MOBEPXHi KOPIYyCY B Ie-
pepizax & =const . ®opma KopIitycy pakeTH MoxKe OyTH SIK BiCECUMETPHUYHOIO, TaK
i 0e3 ocboBO1 cuMeTpii. Sk MpaBHUJIO, B OCHOBHOMY BHKOPHCTOBYIOTHCS PAKETH 3
KOpITycaMH BiceCUMETPUYHOI (popMHu.

[Ansa 3aBoaHHS KOpIIyCy BicECHMETPUYHOI (QOPMH BHUKOPUCTOBYETHCA
po3dourTa Horo B3goBk oci OE& omopuumu nepepizamm & =const
(i =12,..,N;, ne N — xinbkicTb nepepisie po3outTs). Onopuuii nepepis §=¢;
BIJIMTOBiTa€ mepepi3y KiHIM HaKOHEeYHHKA. [[UTSTHKN KOopImycy pakeTH, mo oOMexeHi
CYCIIHIMH OTIOPHHUMH TiepepizaMu (&I _1,& ), MOXYTb OyTH Pi3HHX THUHIB TYyp; .
st orucy ¢popMH yTBOPIOIOYOT MOBEPXHI KOPIYCY PAKETH BUKOPHCTOBYETHCS TPH
THIINA OUISTHOK:

1) Typ; =1 — yciuenuii KoHyc (LHITIHAP HAJICKUTH 10 LBOTO THITY);

2) Typ; =2 — oxuBano (3aa€TbCs LYTOI0 KOJa 3aJaHOTO PAfiycy);

3) Typ; =3 — mapabona (BUKOPHCTOBYETBCS IS TNIAJAKOTO CIIONYYEHHS MiNs-
HOK, PO3TAIIOBaHMX JIIBOPYY 1 TPABOPYY Bill AUISHKH, IO PO3TIISIAETHCS).

J1 KOXKHOTO THITY MUISTHKA BU3HAYAETHCS CBil Habip mapameTpiB, M0 BUKOPH-
CTOBYIOTKCS ISl peaizalii po3paxXyHKOBUX CITiBBiAHOIIEHb. PagiansHa KooparHATA
I KIHI JUISTHKHE 3aBXKI0 MOKJIAJAEThCS MEPHIUM N1apaMeTPOM, 110 BBOJUTHCS He-
3aJIe)KHO BiJ] TUIY IUISTHKH. Tak SK TiISHKH Pi3HUX THITIB OMHUCYIOTHCS Pi3HOIO KiJlb-
KIiCTIO BHU3HAUYaJIbHUX MapaMeTpiB, TO Mepei BBEACHHSM IMapaMeTpiB AULIHKA Mae
OyTH 3a/1aHa KUJIbKICTh NTapaMeTpiB, 110 BBOASTHCS Ha ik A N par -

Hagenemo napamerpu, 1o BBOJISATHCS JJIsl PI3HUX THITIB JiJISTHOK.

Hna Typ; =1 3amaerbesa oqun napamerp (N par =1): Iy — paaiaJbHa KOOPJH-
HaTa KIHI JUTTHKY.

Jns Typ; =2 3anarotbes yotupu napametpu (N o =4): 1 — pagianbHa Ko-
OpAMHATA KiHlA AUISHKY; Ry — paziyc ayru oxuBana; X — KOOpAMHATA X LEH-
Tpa KoJa 0’KMBana; Y o — KOOpJAHHATA Y IEHTPa KoJla 0)KUBAA.

Hus Typ; =3 3anarotbest Tpu napamerpu (N o, =3): I — pagianbHa Koop-
JMHATA KiHLA JUISHKK; TQTe; — TaHreHc KyTa HaXuily yTBOPIO040i napabosiuHoi
dopmu B onopHomy nepepizi E=&;_;; TgTe, — TaHreHC KyTa HaXUily YTBOPHOIO-
4oi mapabosiuHoi GopMu B orIopHOMY Tepepisi & =¢&; .

HaxoHeuHHK KOpITycy pakeTd Moxe OyTH rocTpuM abo 3aryruieHuM. Sk mpa-
BUJIO, 3aTYIUICHUH HAKOHEYHMK 3312€ThCs CPEPUIHMM CerMeHTOM paziyca Rgyp .
M1t HakoHeyHnKa roctpoi ¢opmu BusHayaeThes Rgy, =0. BukopucroByioTbes
TpH THIHU (GOPMH HAKOHEYHUKIB KOPIYCY:

1) Typ; =1 — xoHi4Ha AinsgHKA (TOCTpUii a0 3aTyIICHHIT KOHYC);

2) Typ, =2 — KOHIYHA JIIIHKA — 0XKUBAJIO;
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3) Typ, =3 — KOHi4Ha JiTIHKa — ITapaboia.

BreneHns maHuxX B 3aJIKHOCTI BiJl THITY HAKOHEYHHKA 3MIHCHIOETHCS TaKUM
YHHOM.

a) ins nakoneunnka tury Typ;=1 BBomuThes nBa mapametpu (N par =2):

ry — panianbpHa KOOpIAMHATA KIHII HAKOHEYHHKa; R, — paziye cdepuanoro 3a-

TYIUICHHS.
Axmo Rgpn =0, TOAI TaHTeHC KyTa HAXMITY MOBEPXHI TOCTPOrO KOHYCa A0PiB-

mioe tgo, =r, /&, ir(§)=&-tgo,.
Sxmo Rgpp >0, Toxi ast po3paxyHKy HopMHU MOBEPXHI 3aTYILICHOIO KOHyca

BUKOPHUCTOBYIOTHCA CITiBBITHOIIEHHS:
— g chepuIHOTO CETMEHTA

r(&)=[Ee2Rgpn — &), mamo E<E;; 1)

— JUIS1 KOHIYHOT TUTISTHKH
r(§)=rc+(§—gc)tgel, akuo &> &g, (2)

ne & =Rgpn (l—Sin 91), I'e =Rgph COSH; — KOOpAMHATH TOYKH CIIONYYeHHS Ce-
PHYHOTO CETMEHTA 3 KOHIYHOIO AIISTHKOIO.

Kyt cnonmydenns 6, cdepn 3 KOHyCOM 0OUHCITIOETLCS B TAKHH CIIOCI0.

SIKIo moyaTok OCHOBHOI HiMAHKM KoHyc & <E&<E&, (Typ,=1), sxuii rmaako
CIIONYYa€ThCsl 3 HAKOHEYHUKOM, TO KyT CIIOJdy4deHHs ©; 3HaXoauThes 3i
CITIBBITHOIIICHHS

tgel =(I‘2 _rl)/(éz _EA)-

SIKI10 MOYaTOK OCHOBHOI AIIAHKH &) <& <&, He KOHyC YM HaKOHEYHHK CIIO-

Jy4a€eTbcs 3 OCHOBHOKO JUISHKOIO KOPITyCYy HE TJIAAKO, TOJI BUKOPHCTOBYIOTHCS
YMOBH TJIAJIKOTO CIIOJyY€HHS B TOYLI (E)C : rc)

tgelz(rl_rc)/(él_gc)- (3)

Buxopucrosyroun cnibBifHomeHHs (3) 1 Bupasu &, Ta r; 3 (2), oTpuMyeMo

piBHHHHH AJI1 BU3HAUCHHSA KyTa CIIOJTYUCHHS 91
tgo, (&, — Ry, (1-sin6,))=r, —R, cos6, (4)

3anucyroun piBHAHHA (4) momo tQgO, 3 BUKOPUCTaHHAM BHUpa3iB

cos0, = 1/, 1+t 9°0, Ta sinQ, =t 991/« }1 +19°0, , OTPUMYEMO HeSBHE PiBHAHHS

F(tg0,) =tg0, (&, — Ry ) +Ryy AL +19%0, 1, =0. (5)
TpancuenaeHTHe piBHSIHHS (5) BUPINIYEThCS iTepaliiiHe MeTogoM HeloToHa
n+l n F (tgel |n )
tg0,[" =196,[ ~———+
F (tg91| )
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3 BUKOPHCTAHHSIM BUPa3y MOXiTHOT

' tgo
F (tgel)zil_Rsph 1_9—12 ’
4f1+tg 0,

JIe N — HOMep iTepartii.

3a nouaTkoBe HAOIMKEHHS tg91|O MOXHa OpaTu (rl —Rgpn )/ (&1 —Rgpn )

0) lnn makoneunuka tury Typ;=2 BBOAATHCA Tpu mapameTpu (N par =3):
ry — pajianbHa KOOpIAMHATA KIHLS HAKOHEYHHKA; Rgpn — pagiyc chepuynoro
cerMeHTa; tgo, — TaHreHc KyTa CIOJIy4eHHs 3 OCHOBHOIO JJIIHKOIO KOPITyCY.

Skmo Rgpn =0, To mapamerpu Ry, Xg, Yo IEpPepaxoBYIOTECS 3 YMOBH

rJIagKoro CrnoJIy4€HHsA HaKOHCYHHKA 3 OCHOBHOIO I[iJ'IHHKO}O KopnyCy JId 3adaHoO-
'O 3HAYCHHS TAaHI'CHCA KyTa CIIOJIYYCHHSA tg@l 3 BUKOpUCTaHHAM CHiBBiI[HOIHeHI)

—X
X§+y5=R§, (&1 -xof +(r1-yof =RE: tgo, :—fl—y‘). (6)
1~ Yo
Jns TanreHca KyTa crnoiaydenns tgo, =0 maemo

2,2
+r
Rozil 1

5 ; Xo =E&1: Yo=r1—Ro; 190, =—X,/Y, -
ry

JIns BU3HA4YEHHS TaHTeHca KyTa cnonydeHHs 190, >0 i3 (6) MaeMo criBBiIHO-
IICHHS

£8 28X +1{ —2ry =0; yo=r1+él_—xo- (7)
tgo,

IlincTaBnsroun Apyre cHiBBifHOMEHHS 3 (7) Ul Y o A0 IEPIIOTo CHiBBiJHO-

IIEHHS, OTPUMYEMO PiBHAHHSA JUIS X
—X
E2 -2 X, +17 =2, 1, -‘r—él °1=0
tgo,

Koopaunara X LieHTpa KoJla 3HaXOAUThCA i3 CIIBBIJHOLICHHS

— &i — r12 _Zrl‘:l/tgel )
° 2(&1_"1/'[961)

KoopauHnara Yy LeHTpa Kojla BA3HAYA€ThCs 3 PYroro criBigHomeHHs (7), a

paziyc kona Ry 0OuHMCIIIOEThCS 3 EPIIOTo CHiBBiAHOIEHHS (6).
Koopnunara r (i) Ta MoXijaHa I ’(&) HA HAKOHEYHUKY 0’KHUBANTBHOT POpPMHU PO-

3paxoByIOThCA IPH R, =0 3a criiBBiAHOMICHHAM:

r()=yo+RE-E—xof . r'X)=—>"%¢ mmm0<t<g,.  (8)

N—Yo
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TaHreHC KyTa HaxwWiy YTBOPIOE IOBEPXHI HAKOHEYHHKA B HOCHKY KOPIIyCY
obuncoeThes Tak tg0, =—X, /Y, -

SAxkmo Rgpp >0, Toai ams po3paxyHKy Gopmu cpepruvHO 3aTyIIICHOTO OXKH-
BaJia BUKOPHCTOBYIOTHCS:

— 1L c(hepUIHOTO ceTMeHTa — criBBigHOmeHHs (1);

— JIJIs1 O)KUBAJIBHOT NUISTHKY — CITiBBiTHOIIEHHS (8).

Koopannatu Toukn (ﬁc : rc) TJIAJIKOTO CIIOJTydeHHs C(epUIHOI Ta OXKHUBATBHOI

IUISHOK 3HAXOIATHCS 31 CIIBBIAHOIIEHD

_yo(Rsph _ac)

c = .
Xo— Rsph

Koopnunara &, Touknu cnonyuenss (0 <& < Rgpp ) BUXOAUTH 3 PO3B'sI3aHHS

TpaHcuenenTHoro pisnsHAs F (& )=0

2
F(&)=Yo +\/Ro — (& —%oF —4f 2Rgpn —&¢
Hessue piBasins F (?_;C ): O Bupimyerbes iTepauiline MeTogoM HeloToHa

g R (en )R (en),

Jie N — HOMEp iTepalii;

F'(¢)=— (i—xo) _ Rsph_‘t: .
\/Rg —(§—X0)2 \/a(ZRsph —i)

0
Sk noyarkose HaOmwkeHHs Ec obupaetbes Rgpy, .

B) [lns naxkoneunuka turny Typi=3 BBomsiThes woTupy napametpu (N pa, =4):
ry — pamianbHa KOOpIMHATa KIHIS HAKOHEYHWKA; Rgpy — paniyc chepuunoro

cerMenTa; TgTe; — TaHreHc KyTa HaxWiy 91 YTBOPIOIOYOI HapadosIiunol Gopmu
B 11epepisi cnionyuenns & = Rgpp (1—Sin 91); TgTe, — Tanrenc kyra Haxuiy 6,
YTBOPIOIOUOi napadonigHoi popMH B OTOPHOMY nepepisi & =&, .

Jiis peasizaiiii MOHOTOHHOT 3MiHHU TOX1THOT f '(&) Ha JUIAHI (0,@1) BUKOPH-
CTOBYIOThCS JIBI Mapa0oiM, sSKi IIaJIKO CIOJIYYarOThCs Ha I MIISHIN B JEAKIH
TOYL (&,F).

Bumeonucanuii croci6 3aBiaHHs NOBEPXHI KOPITYCY PaKeTH T03BOJISIE OIHCa-
TH IIMPOKHH KJIaC BUKOPHCTOBYBAHHX PAKET.

SIKIo KOpIyc pakeTH Mae He BicecuMeTpuuHy (GopMmy, TO IS 3aBIaHHS Qop-
MH KOPIYCY CKJIaJHOI IPOCTOpOBOi (hOPMH BHKOPUCTOBYEThCS THIMMN miaxia [5].
VY npoMy miaxoai KpiM po30UTTS KOpIycCy pakeTH B3AoBx oci O& omopHUMH mie-
pepizamu & =CONSt, BUKOPHCTOBYEThCS ANPOKCHMALlisl IIONEPEYHOTO KOHTYPY

MOBEPXHI KOpITyCcy Yy LUX Iepepizax HabopaMu JiHIA pi3HOTO BUAy (TIpsMui
BIJIpI30K, Jiyra Kouia, nyra eminca). @opMa moBepxHi KOPIYCY MiXK OIIOPHUMH Tie-
pepizaMu B 3aJI€KHOCTI BiJi KOOpPAMHATH & OOYMCIIOETHCS JIHIHHOIO 1HTEPIO-

JSIIE0 Y MEPUIIOHAIBHMX IUIONIMHAX O = Const.
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AmHanoriyHa MaTeMaTH4YHa MOJIENb JUIS OMHKCY MOBEPXHI KOPIYCy Ta Kpuia
JITaTRHOTO amapara JIiTaKoBOi KOH(ITyparllii BHKOpHUCTOBYBasIacs B [6], ska 3ama-
Bajacs y IBOX BHIaX: 3BepXy — y IutommHi XOY Ta npodiiaMu — y IUIOIIMHAX
XOz . Tlomepeyni mepepi3u ampOKCUMYBAIUCS MPOCTUMH JiHIAMH — TPSIMHUMH,
KPUBHMHU JPYroro MopsAky, KyOidHMMHU mapabonamu, enincamu. 3 pi3HHX ele-
MEHTIB KPHBHX 3 BUKOPHCTAaHHAM YMOB IJIaJKOCTi KOHTYPY B TOUYKaX 3pOILEHHS
CKJIQ/IA€ThCS KPUBA TOMEPEUHOTO mepepizy. Y (ikCOBaHOMY MOJIOXKEHHI €JIEMEHT
MOBEPXHI BU3HAYAETHCS KOOPAMHATAMH IOYATKy BiJUTIKY, HAXMJIOM KOHTPOJIBHUX
KpPHUBHX Ta KiHIeM BiTiKy. EnemeHT moBepxHi He QikcyeTbes B (iKCOBAaHOMY Iie-
pepisi, a HaTOMICTh Oe3MepePBHO BU3HAYAETHLCS B3/IOBXK JISSTKOT YaCTUHU IMOBEPXHI,
TOMY TpaHUYHI YMOBH Ui €JIEMEHTa Mepepidy MOBEpXHi 3HAXOIATHCS B3HAOBXK
KPHUBHX, L0 BU3HAYAIOTH [TOYATOK, KiHELlb 1 HAXHUJI KPUBUX Y KOHTPOJIBHUX TOYKAX.

3aBaanns mapamerTpiB GopMH eeMeHTIB KOMIOHYBAHHA pakeTH. Kom-
MOHYBaHHS PaKeTH KpiM (opMu KOpIycy BiAPI3HAIOTHCS JOJATKOBUMH €JIEeMEHTa-
MU Ta iX po3TamyBaHHsIM Ha Kopmyci paketu. J[nst 3aBmaHHsS (GopMU MOBEpXHI
€JIEMEHTa KOMIIOHYBaHHsI PaKeTH BUKOPUCTOBYETHCA CHCTEMa JIEKapTOBHX KOOp-
muaat OX 'Yy Z', sxa nos's13aHa 3 UM eneMedToM. I KOKHOrO e1eMeHTa KOMIIO-
HOBKH PaKeTH BHKOPHCTOBYETBCS CBOS CHUCTEMa JIEKapTOBHX KoopauHat. Dopma
MTOBEPXHi €JIeMEeHTa KOMIIOHYBAaHHS PaKeTH 3aJa€Tbcad B JEKAPTOBIH cHCTEMI KO-
opauaatr OX'y Z', noB's13aHO1 3 1M €JIEMEHTOM, TAKHMH CIIOCOOaMHU:

1) aHamiTHaHEMH QopMyTIaMH;

2) (bopMoOIO B TUIAHI 11 TOHKOTO €JIEMEHTA TIIOCKOiI (hOopMHU;

3) popmoro B mTaHi Ta momepedyHUMH TPODUIIMHU eIeMeHTa o OOpTOBii Ta
KIHIIEBiH XOpi.

ITpu ommcy popmu MOBEpXHI eJIeMeHTa HeoOXiqHO BKa3aTth crociO i1 3aBmaH-
HS, KUTBKICTh BU3HAYATFHUX NTAPaMETPiB Ta 3HAYCHHS [TUX MapaMeTpiB.

A) Jlns peamizariii aHamITHIHOTO CIIOCOOY 3aBIaHHS IMOBEPXOHB EIEMEHTIB
CTBOPIOETHCS HAOIp MiAMporpam, B SKi MEPeNaroThCs 3HAYEHHS MapaMeTpiB, IO
BHKOPHCTOBYIOTHCSI B PO3paxyHKOBHX (opmyrax. Lleit Habip mimmporpam, mo pe-
aMi3yI0Th PO3PaxXyHKOBI CIiBBITHOIIEHHS U aHATITHYHOTO 3aBHaHHS (HOpM ITo-
BEPXOHb €JEMEHTIB, MOXKE MOCTIHHO po3mmproBatucs. Lli miamporpamu MaroTh
OyTH BHOpPSAKOBaHI 32 HOMepaMHu. Tomi Juis po3paxyHKy (QopME ITOBEpXHi ele-
MEHTA, 33J1aHOT'0 aHAIITHYHUM CIIOcOO0M, HeoOXiHO BKkazaTu: Typ g = 1 — croci6

po3paxyHKy (aHamituunuii); N g, — HOMEp HiNporpamH, 1o BUKOPHCTOBYEThCS;
X — xoopauHata X' monoxeHHs oci OZ', HaBKONO SKOi BiIXMIAETBCSA PyIlb;
N par — KUIBKICTh NapameTpiB, O BUKOPUCTOBYIOTHCS y PO3PAXYHKOBHX (OpMy-
nax; Parg — BnopsakoBaHHi MacHB 3Ha4€Hb IIAPAMETPIB, 11I0 BUKOPHCTOBYIOTHCS.
b) dpyrwuii crioci0, B SKOMY 3aBIalOThCS MOBEPXHI HECKIHYEHHO TOHKUX TLTIOC-
Kux enemeHTiB opmoro B mani (Typ g =2), peanizoBanuii B [7]. [lns 3aBnaHHs
dbopMH B MiaHi HECKIHYEHHO TOHKOTO TUIOCKOTO €JIeMEHTa BHKOPHCTOBYHOTHCS
XapakTepHi TOUKH 3 KOOPIUHATAMHU (X,’ vt ) Bmomuni Y'=0 (i =1,...N,,), ne
N Xz
ByBaTH KYTOBI TOYKH KPOMOK eneMeHTa. Hanpukiaza, ¢opma y riaHi TpUKYTHOTO
€JIEMEHTa 3a/1a€ThCS TPhOMa KyTOBUMH TOoYkaMu N ,, =3, a YOTUPUKYTHOTO elle-

— KIJIBKICTP 3aJIJaHUX XapaKTEPHUX TOUOK, Y SIKOCTi SKHUX 3pyYHO BUKOPHCTO-

MEHTa — 4yoTupMma KyToBuMH Toukamu N ,, =4. Ilpu anpoxcumartii KpuBOJIiHIHHOT
JUISTHKA KPOMKH €JIEeMEHTa KUIbKICTh XapaKTepHUX TOYOK Mae OyTH OiIIBIIOO 32 JIBi.
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®dopMa MoBepXxHi KOHCOJI 33Ja€THCS B MPaBii TEKapTOBIH CHCTEMi KOOpIUHAT
OXY 2, xxopctko moB's3aniit 3 Hero. IIpy bOMY 3aJal0ThCS TaKi T€OMETPHUHI
napaMerpu GopMH KOHCOJI:

a) N,, — KUIbKICTb ONOPHUX TOYOK, IO BBOJATBHCA JUIA 3aBIaHHA (HOPMHU

KOHCOJI1 Yy TUTaHi;
6) Xj,] =1..N,, —MacuB KOOPAMHAT X ' ONMOPHHX TOUOK;

B) Z{,] =1.N,, —MacuB KOOpAMHAT Z' ONOPHHX TOYOK.
MacuBH KOOpAMHAT X| Ta Z| ONOPHUX TOYOK (POPMYIOTHCSA Bil NEPEAHBOT 10

3aHBOT TOUKH Ha OOPTOBiH XOp.Ii KOHCOII.

Ha noBepxHi koprycy pakeTs Moke OyTH pO3TalloBaHO KijbKa TOHKUX ILIOC-
KHX KOHcoJel pizHoi ¢opmu y miani. Tak sk ¢popma KinbKOX KOHCOJIEH, po3milie-
HUX Ha IOBEPXHi KOPIYCY paKeTH, sIK MpaBUiIo, Oy/le OAHAKOBOIO, TO JIsi BUKIIIO-
YeHHS! TIOBTOPHOTO 3aBJaHHs OJAHAKOBHX ()OPM KOHCOJEW 3pYYHO BBOAMTH HAOIp
(dhopM KoHcouIeH 13 pi3HUMH TeOMETPUYHUMH Napamerpamu. [Ipu 3aBmaHHiI yMOB
(yHKLIIOHYBaHHS KOXHOI KOHCOJNI OyAe BHMKOPHUCTOBYBATHCS TIOCHJIAHHS Ha
BiJIIOBITHUH TIOPSIKOBUI HOMEP 13 BBEACHOTO Habopy (hopm.

s Bubopy Qopmm KoHCON BHKOpHCTOBYyeThest mapamerp Ny, (HOMep
(hopmn), SKWH BIANOBiNA€E MOPSAKOBOMY HOMepYy (pOpMH KOHCOII UISA 33JIaHOTO
HaOOoPy 3 ACKiIbKOX (hopM. YMOBH (hYHKITIOHYBaHHS KOHCOJII BU3HAYAIOTh BUXiTHE
TIOJIO’KEHHST KOHCOJII Ha KOPITYCl paKkeTH, IO 33/1a€THCS TO3I0BKHBOI0 KOOP/IMHA-
TOIO Z( , MEPUIIOHATLHUM KYToM Op i KyTOM BiIXHJIEHHS § KOHCOII MO0 HOro
BHXiTHOTO MOJI0KeHHs. [IoBOPOT KOHCOII 311iICHIOETHCS HaBKOJIO oci OZ' .

Koncomi, mo po3ramoBani Ha KOPITyCi pakeTd, TOBUHHI OYTH BIIOPSIKOBaHi,
nounHaroyu 3 1-ro i 3akiHdyroun HomepoM N g, 1e N — KUIbKICTh 3aJaHUX
KOHCOJIEH. 3py4YHO BIOPSAKOBYBATH HOMEPH KOHCOJIEH B3JIOBXK MOTOKY, XO4a iX
MOKHa OyJi0 0 ymopsAKyBaTH ¥ iHIIMM YMHOM. ['0JI0BHE, 1110 KOKHA KOHCOJb I10-
BUHHA MaTH CBiil OPSIIKOBHI HOMEp, 00 SKUM YHHOM MPOBOIUTHCS iX YIMOPSAKY-
BaHHS He Mae 3HadyeHHs. [IOTiM 3a7aloThesl MapaMeTpH, MO XapaKTepU3yIOTh
(hyHKIIOHYBaHHS KOKHOI KOHCOJTI.

[puB's3ka KOHCOIMI JI0 KOPITyCY PaKeTH 3/[IHCHIOETHCSI HACTYITHUM YHHOM: JJIS

3aaHuX  Zg 1 0 OOYMCIIOIOTHCA MapaMeTpu (OpPMH KOpIYCY pakeTH,
b=r (ZS,GS), b, =r, (28,68) i B=arctg(h,) — KyT Haxuiry yTBOPIOIOUOI KOPITYy-
cy paketu jio oci OZ y nepepisi Z =2

TakuM 4MHOM, OCHOBHMMH INapameTpamH (YHKIIOHYBaHHsS KOHCOJI, IO 3a-

JIAI0ThCA, €:
a) N jorm — MopszakoBuii HoMep GopmH i3 BBEAEHOr0 HAOOPY (HOPM KOHCOIEH;

6) Zg — NMEPETHH PO3MIIIEHHsS KOHCOII B3/I0BK OCi KOPITyCY pakeTH (Y MeTpax);

B) 0y — Mepu/ioHaNbHA TUIOMMHA, B AKiil 3HAXOMMTHCA IUIONIMHA KOHCOMI (Y
rpajycax);

b b [

r) 6 — KyT moBopoty KoHcodi (y rpamycax) HaBkojo oci Oz, >0 saxmo
IpU CIIOCTEPE)KEHHI 3 BepimHu oci obepranHs OZ' moBopoT KoHCOMi BinOy-
BA€THCS IPOTH TOJJUHHUKOBOT CTPLIKH.

B) V tpetbomy cmoco6i 3apaanHa nosepxHi (Typg =3) enemMeHT KOMIoO-

HYBaHHsI PaKeTH BHU3HAYAETHCA (OPMOIO B IUIaHI 1 MOMEPEYHUMH NPOQUIIMHU O
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OopToOBii 1 KiHIEBiN Xopai. s 3aBganHHs hopMu MMOBEPXHI €IEMEHTA B IUIaHI, 5K 1
B JIpyroMy crnoco0i, BHKOPHCTOBYIOTHCS XapakTepHI TOYKH 3 KOOpPAMHATAMHU
(x/,z/) B mommni y'=0 (i =1,....N, ), 1e N,, — KiTBKiCTb 3a1aHIX Xapak-
TEPHUX TOYOK. SIK XapaKTepHI TOYKU 3pYYHO BUKOPHUCTOBYBATH KYTOBI TOYKH Ha
KpoMmKax enemenTa. [lpu po3paxyHky ¢popMu KOHTYpY OBEPXHI elleMeHTa y IUIaHi
BHKOPHCTOBYETHCS JIIHIHHA aIIPOKCUMAIIiS] MIJK XapaKTEPHUMHU TOYKAMH.
. . - S , , .
INonepeuni npodini enemMenTa Mo GOPTOBiH Xopai Yy, :fb(x ) npu z'=0 1
KiHIeBI Xxopai Yy =fk(x ') npu z'=2Z; 3a[Jal0ThCs XapaKTEPHHUMH TOUYKAMU
(X iy, 1=1..N Xy) HWKHBOTO 1 BEpXHBOTO KOHTYpiB mpodimto. KinbkicTh
xapaktepuux To40K N, Ha 60pTOBii Ta KiHLEBil X0opAax 30iraeTbes. Ha puce. 3

HaJaHO TIPHUKIIAI 3aBAAHHS TIOBEPXHI CTPUIONOMIOHOTO KpWja 3 BUKOPHUCTAHHSIM
Takoro crocoOy. [loBepxHs ermeMeHTa POPMYETHCS 13 TIIOCKUX MalIaHYMKIB, TO-
Ka3aHUX Ha puc. 3 Ha ¢opMi y TuTaHi, OOMEXEHUX CYCIIHIMU MPSIMUMH JiHISIMH,
110 3'€JHYIOTh XapaKTEePHI TOYKH 3 OJTHAKOBUMH HOMEPAaMH OOPTOBOTO Ta KiHIIEBO-
ro KOHTypiB mpodimiB. s momepedHoro mpodiiro 3a1a€Thes pajiyc 3aTYIUICHHS,
SIKUH TOPIBHIOE HYJIIO Y pa3i 3arocTpeHoro mpodito.

a) [leperun kpuia no Goproetii xopu ”

0) Bua kpuna B nuiani v’

B) TTepeTHH KPHIIA MO KIHUCBIH XOPAl  —wsmmmmmmn
Puc. 3

Slkmio mpodinap Kpuiia cuMeTpuyHui moao mwiomuad X ‘0Oz, To 3amaroThes

. . u u .
KOOP/IMHATH OMOPHHUX TOYOK TJIbKHU JUIsi BepXHBOro mpodimro X~y |, a omopsi

. d d
TOYKH HIDKHBOTO HPOdiio (X,’ i ) BU3HAYAIOTHCS, BUXOASAYM 3 YMOBH CH-

MeTpii. s cMMETpUYHO pO3TalIOBAaHUX OMOPHHUX TOYOK Ha BEPXHBOMY Ta HIXK-

HBOMY KOHTYPi IPo(iio BUKOHyIoTbes yMosn: X[4 =x V| y/d =—y 1

IIpn 3aBmgaHHi MOBepxHI eneMeHTa (GOPMOIO B IJIaHI Ta MOMEPEYHUMHU
npodinssMu o OOPTOBIM Ta KiHIEBIM Xopai HeoOxigHo Bkazatu: Typ_E = 3 —
cnoci0 po3paxyHKy (3amaeThesi popMa B IDIaHI Ta monepedHi npodini mo 6opToBii
Ta KiHIIeBilf XOp/Ii eneMenTa); X, — KoopauHata X' mojoxeHHs oci OZ', HaBko-

JIO SIKOI MOKE Bi,I[XI/IJ'IHTI/ICﬂ IUIOIMKMHA €JICMCHTA, N xz KIJIBKICTB XAapPaKTCPHUX

TOYOK, 1[0 BBOASATHCS [UIS 3aBIaHHS (OpMH B IUIaHi; Ar X pan — MacuB KOOP/IH-
Hat X{ (i =1,...,N,,) XapakTepHuUX TO4YOK; Ar_Z pan — MacHB KOOpAWUHAT Z|

(i =1,...,N,, ) xapakTepHuX TO4OK; Sim_pan — 03HaKa CUMETPHUYHOCTI IpOdiiB;
R, Ry, Rz — paniycu 3arynienns nepeinboi, 6iuHOi Ta 3a1HBOI KPOMOK elle-
MeHTa (TpH YMCIa), HEraTHBHE 3HAuYeHHS paniyca sarymrenHs Ry (K =1,2,3)

BINOBIZAE 32 MOJyJIeM IOJIOBUHI BUCOTH TOPLEBOro 3arymuieHHs; N, — Kiib-
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KICTh XapaKTEPHUX TOYOK, II0 BBOJATHCS IS 3aBJAHHS MONEPEYHUX NMPOQisIiB MO
GopToBiii Ta KiHueBii xopai enementa; Ar _Xul_pan — MacuB KOOPAMHAT X

(J =1,...N,, ) XapakTepHMX TOYOK B3IOBXK Npodimo 1o OOPTOBIH XOpAi;

Ar _Yul_pan - macus koopauHar Y; (j =1,...N,, ) xapakrepuux To4ok

!
J
(j =1...N,y, ) xapakrepHux TOYOK B3IOBXK NpPOiMO MO KiHUEBiH Xopai;

B310BXK TIpodinfo mo 60opToBiit xopai; Ar _Xu 2 _pan — MacWB KOOPAWHAT X

Ar _Yu2_pan - macus koopaunat Y| (j =1,...N,, ) XapakrepHuX TOYOK

B3I0BXK PO iIFO IO KIHIEBIH XOpi.
OdeBHIHO, WO AJIS TPETHOTO CIOCO0Y 3aBAAHHSA MOBEPXHI €IEMEHTa CYTTEBO
301TBIIYEThCA HAOIp BUXITHUX JAaHUX Y TOPIBHSAHHI 3 IPYTHUM CIIOCOOOM 3aBJIaHHS.
Takum ymHOM mNs ommcy (OpMH TOBEpXHI eJeMeHTa HeoOXiTHO BKa3aTH
croci0 11 3aBHaHHS, KITBKICTh BU3HAYAIBHUX IMapaMeTpiB Ta 3HAYEHHS IIUX Tapa-
METpiB.

3aBaaHHs BHUXiJHMX JaHHX [JJIs KOMIIOHYBaHHS pakeTH. /[ omucy Kom-
MOHYBaHHS PaKkeTH HEOOXiTHO BCTAHOBUTH KiTBKICTh JOAATKOBHUX E€IIEMEHTIB, IO
PO3MIIIYIOTHCS Ha ii Kopiryci. i KOKHOTO eleMeHTa KOMIIOHYBaHHS 33JJal0ThCS
nmapaMeTpH, 10 BH3HAYAIOTh Horo ¢opMy, MicIle po3TallyBaHHS Ha KOPIIYCi 1 KyT
WOT0 BiIXWICHHS.

KoxHOMy enemMeHTy KOMIIOHYBaHHS BiIOBilae CBili HaOip BUXiTHUX JaHHX.
Lei#t HaOip maHWX CKIIAMAETHCS 3 TTAPaMETPiB, M0 BU3HAYAOTH (POPMY IBOTO ele-
MEHTa Ta MapaMeTpiB Horo GpyHKIIOHYBaHHS y CKJIaJi KOMIIOHyBaHHS. Matoun Ha
yBa3i, M0 KUTbKa OpraHiB MOXKYTh MaTH OJHAKOBY (hOpMy TOBEpXHi (HAIIPHUKIIA],
XBOCTOBI cTabimizaTopu), OyaemMo 3amaBaTH Hallp BHUXITHHX JaHUX I BCIX
pO3TIAHYTHX (HOPM TTOBEPXOHB €IIEMEHTIB, PO3MIIIEHUX Ha Kopmyci paketn. Tomi
JUI KOHKPETHOT'O eJIeMEHTa KOMIIOHYBaHHI IOCTaTHBO BKa3aTH JIUIIE NOPSIKOBUI
HOMep ¢opMH 3 3amaHOTO Habopy (opM MOBEepXOoHBL enemeHTiB. [IpuB'sa3ka ene-
MCHTa [10 KOMIIOHYBAHHs PaKeTH 3IIfCHIOETCs 3aBianisaM N |, mapamerpis ioro

(dyakionyBanHs. MiniManeHUil Habip mapamerpiB (QYHKIIOHYBaHHS elleMEHTa
ckiagaerses 3 N ) =4 napamerpis:

— Nyorm — HOPAAKOBOTO HOMepa (OPMH NOBEPXHi JOAATKOBOTO €IEMEHTa
KOMITOHYBaHHS y 33JIaHOMy Habopi (hopwm;

— X — KOOP/IMHATHU Mepepi3y po3MillleHHs MOYaTKy JIeKapTOBOI CHCTEMH KO-
opmurat OX'Yy Z', B skiit 3amaeTbcss popma MOBEPXHI €IEMEHTa, 100 MOYATKY
OCHOBHOT HWJIIHIPUYHOI cucTeMH koopauHat OXr O , MoB's3aH01 3 KOPITyCOM pakeTH;

— 05 — KyTa MepHIioHaNbHOI MUIONIMHU IUIiHAPMYHIH CHCTEMH KOOpIMHAT
Oxr 0, B sikiii 3Haxoauthes mwiommua X OY' nexaproBoi cucteMu KoOpauHAT
OXY 2, mo nos'a3ana 3 e1eMEHTOM;

— 8" — Kyra, Ha skuil Bigxuserscs wiommnaa X OY' nexaproBoi cuctemu
koopauHar OX'YZ', ska crodaTky po3MmilieHa B MEPUAIOHAIBHIN IUIONIUHI
0= GB HWTHIPUYHOT cucTeMu koopauHat OXr O .

CriBBiIHOIIEHHS, IO TOB'A3yI0Th OCHOBHY OXyz Ta wmiciiey OX'Y Z2' ne-
KapTOBi CHCTEMH KOOP/MHAT, MAOTh BUJISIL
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25—y 'sinB+(x'cosd—2z'sin§)cosp;
o +ycosp+(x"cosd —z"sin 5)sin B]cosOp —

X
I

, (9)

—(z'cos8 +x 'sin 8)sin 05;
z = [b+ygcosp+(x'cosd—z'sind)sin Blsin O —
—(z'cosd +y 'sin§)cosoy,
ne b — pangianbHa KOOpaMHATA MTOBEPXHI KOPIYCY pakeTH, p — KyT HAXHIY yTBO-
PpIOI0Y0i MOBEpXHi Kopirycy k oci OF .
PanianbHa KOOpIMHATA MOBEPXHI KOpmycy paketd D i1 kyt Haxumy B yTBO-
prorouoi moBepxHi Kopmycy K oci Of po3paxoByIOTBCS 3 BHKOPUCTaHHSIM

BIJIMOBITHUX 3HAYCHb MTapaMeTpPiB ZS , 98 i O JJIs eJeMeHTa KOMIIOHYBaHHS paKe-
TH, IO PO3TILIIAETHCS.

CuiBBigHOMICHHS (9) BUKOPUCTOBYIOTHCS ISl 3HAXOJDKCHHS JICKAPTOBHUX KO-
OpJIMHAT TOYOK Ha IMOBEPXHSX EIEMEHTIB KOMITOHYBaHHS.

Ilepexin Bim aexapToBuX KoopauHaT cucteMu OXyZ 10 IMWINHAPUIHUX KO-
opauHar cuctemu O Er O 3ailicHIOETHCS 32 GopMyTaMu

E=X, I =yx2+y?, arctanf@=-x/z.

@dopMynE 3BOPOTHOTO TIEPEXOMy BiJ MITIHAPUYHOI CHCTEMH KOOPIMHAT
OE&r 6 mo 3B'13aH01 nekapToBoi cucremu Koopaunat OX 'Yy 2" marors Burmsi:

(&—zé)cosB+(r cos(e—ez‘,)—b)sin BJCOSS—r sin (G—Gé)sin 5;
r cos|0—0p )-b Jcosp - g—zS)sinB; (10)
=—[(<:—z{§)cos[3+(r cos(e—eg)—b)sin B]sinS—r sin (e—eé)cos&

X ’
y !
ZV
CrisigHomreHHs (9), (10) BUKOPHCTOBYIOTBCS MPH PO3PAXyHKaX KOOPIMHAT

TOUYOK Ha MMOBEPXHi Ta BEKTOPiB HOpPMaJIi i JOTUYHUX BEKTOPIB MOBEPXHI €JIEMEHTA
KOMITIOHYBaHHS PaKeTH, 10 PO3TIIAETHCS.

Crpyktypa ¢aiiny BHXITHUX AaHUX. 3 BUKOPHCTAaHHSIM BHIIEBKa3aHOTO
MiX0/y 3arajbHa cXeMa 3aBJJaHHs TeOMETPHUYHHX MapaMeTpiB KOMIIOHYBaHHS pa-
KETH BHUIJISJA€ HACTYITHUM YHHOM. 331al0ThCS:

1) im'st (aiiny 3 mapamerpamu GOPMH KOPITYCY PaKeTH;

2) xinbkicTb daitmiB N i3 mapamerpamu GOpM eIeMeHTIB, IO BBOJATHCS;

3)N¢ imeH daiinis i3 mapamerpamu GOpM €IEMEHTIB;

4) KiNBKICTh e1eMeHTiB KoMNoHyBaHHs N o , PO3MIIIIEHNX Ha KOPITYCi PaKeTH;

5) KinbKicTh napamerpis pyHkuionysanus N, enemMeHTa KOMIIOHYBaHHS;

6) Ng psankis, mo mictate N 3nauens napametpis (N orm X0,06,8")

(bYHKIIIOHYBaHHS KO’KHOTO €JIeMEHTa KOMITIOHYBaHHSI.

Sxmo dopmyBanHs QaiiniB ¢ mapameTpaMu GOPMHU KOPITYyCy pakeTH i ii ene-
MEHTIB MOX€ MaTH JIOCUTh CKIaIHHH BUIIAI, TO (opMyBaHHS (ailiry BHXiTHHX
JaHUX JJIs1 TIOBHOTO KOMIIOHYBaHHSI PakeTH BUKOHYETHCS JOCHTH Ipocto. Crix
TaKOX 3a3HaYMTH, MO (ailyiu, IKi BUKOPUCTOBYIOTHCS AJIs 3aBJaHHs OpM KOpITy-
CY paKkeTH i ii elleMeHTiB, He 3aJ1eXaTh OJUH BiJ OJHOTO.
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EnemenTHn KOMITOHYBaHHSI paKeTH, IO PO3MIIICHHI HAa KOPITyCi, IPOTPaMHO
YIOPSIKOBYIOTBCS Y3IIOBXK KOpIycy paketw. Lle poOuThes mpu pearizarii airo-
PUTMYy MapIIOBOTO PO3PaxyHKy HaJ3BYKOBOI'O OOTIKaHHS KOMIIOHYBaHb pakeT
pi3HOTO TPHU3HAYEHHSI, OCHAIEHWX OpraHaMu KepyBaHHS 1 crabimizarii. Ymopsa-
KYBaHHSI €JICMCHTIB KOMITOHYBAaHHS 10 HOMEpax B3JIOBX KOPIYCY PaKkeTH BUKO-
HY€ETBCS BIATIOBITHO O HACTYIHOTO MIPaBHJIA!

a) €JIEMEHT KOMIIOHYBAHHA 3 MCHILOI0 KOOPJMHATOIO MEPEAHBOI KPOMKH &y

Ma€ MEHIIUI HOMED;
0) cepell €IEMEHTIB 3 OZAHAKOBUMHM KOOpAMHATAMHU &y, MEHLIMI HOMEp Mae

TOIi €JIEMCHT, y SIKOr0 KyTOBa KOOpAHHATa Oy, DPO3MILICHHS Ha KOPIyCl paKkeTH

MEHIIIA.,
TakuM YWHOM, yCi €JIEMEHTH KOMITOHYBaHHS PAaKETH MPOTPaMHO BIIOPSIIKO-
BYIOTBCS 110 KoopauHaTax & 1 0 BiINOBIIHO JO X PO3MIIIECHHS B3J0BK KOPIYCY

paKeTH.

BucHoBku. 3ariponoHOBaHO €IMHHUNA MiAXiA A0 3aBAaHHS MapaMeTpiB Gopmu
KOMIIOHYBaHb PaKeT He3aJieKHO Bif ix Tumy. /[ KOMIIOHOBOK pakeT CKJagHOi
KOH(]Iirypamii MponoHyETbCS BUKOPUCTOBYBATH MiAXiM, Y SIKOMY 3aBJaHHs (POPMH
KOPITYCY PakKeTH i JOJATKOBUX E€JIEMEHTIB, IO PO3MIIIYIOTHCSI HA KOPITYCl paKeTH,
3IIHCHIOIOTECS He3anexkHo. [IpuB's3ka JOJATKOBUX €IEMEHTIB PaKEeTHOTO KOMIIO-
HYBaHHs [0 KOpPIlyCYy pakeTH BHUKOHYEThCS 3a JIONIOMOTOI0 IapaMeTpiB
¢yHKuioHyBaHHs. BukopucTaHHS mapamerpiB (YHKIIOHYBaHHS IMOB'S3YE€ KOXCH
JIONATKOBUI €IEMEHT PAKETHOIO KOMIIOHYBAHHs 3 11 KOPILyCOM, IO JO3BOJIAE
CTBOPHUTH YHi(iKOBaHUN CHOCIO 3aBIaHHA T'€OMETPUYHHX IapaMeTpiB PaKeTHUX
KOMIIOHOBOK Pi3HO1 (hopMHU.

Le#t migxix po3BUBAETHCS Y HAMPSIMKY YCKJIaIHEHHS (DOpPM €IeMEHTIB KOMIIO-
HyBaHb PaKeT 3 JOBUIBHUM PO3MILICHHIM iX Ha Kopmycax pakeT. @opMa KOKHOTO
elleMEHTa paKeTH 3a/a€ThCs B JIEKapTOBii cuctemi koopamHatr OX'Y Z', ska
JKOPCTKO ITOB’sI3aHa 3 IUM eJieMeHTOM. Po3po0iieHo yHiikoBaHMMA MiAXiJ 10 3aB-
JaHHs (QOpMHU 30BHIIIHIX MOBEPXOHBb PI3HUX eJeMeHTIB pakeru. OTpumaHi po-
3paxyHKOBI CITiBBiJTHOIICHHS, IO BHKOPHCTOBYIOTBCS ISl PO3PAaxXyHKY TeOMeT-
PUYHUX TIapaMeTpiB KOPITyCy PaKeTH 1 BCiX eNIEMEHTIB 11 KOMIIOHYBaHHS.

JlJis onucy KOMIIOHYBaHHS PaKeTH HEOOXiJHO BCTAHOBUTH KUIBKICTH JIOJAT-
KOBHMX €JIEMEHTIB, 1[0 PO3MIIIYIOTECS Ha 11 Kopmyci. Ji1st Ko)KHOTO eneMeHTa KOM-
MIOHYBaHHS 33J1al0ThCs TTapaMeTpH, 110 BU3HAYAIOTH Horo (opMy, MicIe po3Tairy-
BaHHS Ha KOpMHycCi i KyT Horo BiaxuieHHs. KoXXHOMy eleMeHTy KOMITOHYBaHHS
BiJINIOBiIae CBiii HaOlp BuximHuX AaHux. Lled HaOip maHWX CKIIATaeThes 3 Tapa-
METpiB, WIO BU3HAYAIOTh (HOPMY I[BOTO E€JIEeMEHTa Ta MapaMeTpiB Horo
(yHKIIOHYBaHHS y cKiajai koMnoHnyBaHHs. CPopMOBaHa CTPYKTypa CTaHAapTHOTO
(aiiry BUXiTHUX JAHUX JUTS 3aBJaHHS (POPMH KOMIIOHYBAHHS PaKETH.

JocnipkeHHsl BUKOHAHI 32 paxyHOK (piHaHCYBaHHS 3a OIOKETHOIO Iporpa-
Mot «[linTpuMKa pO3BHTKY IPIOPUTETHUX HANPSMKIB HAYKOBHX JOCIIJKCHb
(KTIK BK 6541230) Ha 2023 — 2024 poku».
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