AHOTAIIA

[TosicHroBanbHa 3anucka MicTuTh 81 cTopiHok, B ToMy uuchi 49 pucyskis, 9
Tabmuib, 18 mxepen. ['padiuyna yacTHA BUKOHAHA Ha apkymax ¢gopmary Al, y
KUTBKOCTI 5 TUTaKaTiB.

B nganomy mpoekti Oyiaum mpoaHadi3oBaHI HAYKOBI  JOCHIIKEHHS
aepoMHAMIKH KOMIIOHYBaHHS Cy4acHUX IJIaHePiB. PO3riisiHyTO Ta mpoaHami3oBaHO
METOJY BHW3HAYCHHS aepOJAMHAMIUYHUX XapaKTEPUCTHK TPAHCIIOPTHOTO IUIAHEPA.
[ToOynoBaHO pO3paxyHKOBI MOJEl BaplaHTIB KOMIIOHYBAaHHA TPaHCHOPTHOIO
miaHepa JOCHIDKEHO iX aepoJAuHaMIiuHI XapakTepucTuku. [licias aHamizy
pe3yibTaTiB 00YMCIIOBAIBHOTO €KCIEPUMEHTY OyB OOpaHHil OCTaTOYHUI BapiaHT
KOMIIOHYBaHHS KU 33/I0BOJIbHSIE MTOCTaBIIEHI BUMOTH. Takox 0ys10 po3po0ieHo Ta
BUTOTOBJICHO arperatu JI0CJiIHOT MOJIeJl TPAHCTIOPTHOTO TIaHepa.

B nanomy npoekTi Oyi10 cTBOpEHO 0e3MiIOTHUYN TPaHCTIOPTHUM TIIaHEP, SIKUMA
Oyne iHTerpoBaHuii 3 Oe3mimoTHUM HocieMm. [IpoBemeHo aHami3 BIUTUBY
0€3M1JI0THOTO JIiITaKa-HOCIs HAa aepOIMHAMIYHI Ta JTbOTHO-TEXHIYHI XapaKTEPUCTUKHU
TPAHCTIOPTHOTO TIaHepa. Ha 0cCHOBI aHai3y BUKOHAHA ONMTUMI3aIlisi KOMIIOHYBaHHS
0€3MJI0OTHOTO TPAHCIIOPTHOTO TIJIAaHEpA 3 TOYKHM 30py peaiizailii MakCUMajIbHOTO
3HaueHHsA Kmax B 3a7aHuX rabaputax 13 3aCTOCYBaHHSAM MPOCTUX TEXHOJIOTTYHHUX

pIIICHB.



The Summary
The explanatory note contains 81 pages including 49 figures, 9 tables, 18
sources. The graphic part is made on sheets of A1 format, in the amount of 5 posters.
In this project the scientific researches of aerodynamics of arrangement of
modern gliders were analyzed. Methods for determining the aerodynamic
characteristics of the transport glider are considered and analyzed. Computational
models of transport glider layout options are constructed and their aerodynamic
characteristics are investigated. After analyzing the results of the computational
experiment, the final layout was chosen that meets the requirements. The units of
the experimental model of the transport glider were also developed and
manufactured.

In this project, an unmanned transport glider was created, which will be
integrated with the unmanned vehicle. The analysis of the impact of the unmanned
aircraft carrier on the aerodynamic and flight technical characteristics of the
transport glider is carried out. Based on the analysis, the layout of the unmanned
transport glider is optimized from the point of view of the realization of the
maximum value of Kmax in the given dimensions with the use of simple

technological solutions.



SMICT

TTEePEITIK YMOBHUX TTOBHAUCHD .....vvenreeenrerenneassneessressnnesssesassseessneessnesssnessssessssneesneens 6
BOTYI. e 7
PO3aI 1  oOrjsg TA AHAJI3 HAVYKOBUX  JOCJIIKXEHDB
AEPOAMHAMIKN KOMIIOHYBAHb CYYACHUX IIJIAHEPIB ..................... 9
BUICHOBKH TIO POBITIITY ..vveuveeiutieatieesieeesiteesiteesteessbeessieesstseessseessseessbeesnseesneesnseeensnas 19
PO3aI 2 oOrJisi METOHAIB BU3HAYEHHSA AEPOJMHAMIYHUX
XAPAKTEPUCTUK TTINTAHEPY ... 20

2.1 AmHaniTUYHI METOAW PO3PaXyHKy aepoAMHAMIYHMX XapaKTePUCTHK 1
KOC(DILIEHTIB JUTATBHUX ATAPATIB ... veeiureresrreessreessreesneessresssseeessneessreessneessessnsessnses 20
2.2 YncenbH1 METOIU MOJCITIOBAHHS ITPOIECy OOTIKAHHS JIITAIBHUX anaparis .... 22
2.3 ExcnepuMeHTalbHI METOJU BHU3HAYEHHS AaepOJUHAMIYHUX XapaKTEPUCTHK
JITAIBHUX aNapaTiB PI3HUX ACPOJUHAMIYHUX KOMIIOHYBAHD......cuvverureerreraneeennes 26

2.4 3HaxXOKEHHS AaepOJAMHAMIYHMX XapaKTePUCTUK METOJOM CHMETPUYHUX

o170 101170: 10 1o 1<) Z SRR 29
BUICHOBKH TIO POBITIITY ..vveuteeiutieetieesteeesiteesiteessteeasbeessteeesbeeesiseessnessnbeesnseesbeeenseeensnas 36
PO3JIUI 3 IIOBYJIOBA PO3PAXYHKOBUX MOJIEJIEM BAPIAHTIB
KOMIIOHYBAHHSA TPAHCIIOPTHOI'O IINTAHEPY ..o 37
3.1 BUOGIP aCPOAMHAMITHOT CXEMHU ..envveeureesnreeateeassreessnesssressnsessseessseessseesssneesneens 37
3.2 Po3paxyHOK aepOJJMHAMIYHUX XapaKTEPUCTUK PO3PAXYHKOBUX MOJIETEH ....... 45
3.3 ®opMyBaHHS KOHCTPYKTUBHO-CHUTIOBOT CXEMH KPHITA 1.cvvverereanreareesieesinennneeneas 67
I3 7 (S (033507 0 (o T 010 Tc 1 £ D) PP 70
CTAPTAIL ...ttt b ettt nes 71
BUICHOBK ...ttt 79

BUKOPUCTAHI JIDKEPEJIA .....oooiiiiiii s 80



Hepe.]'liK YMOBHHX NNO3HAYECHD

Kmax — MakcuMalibHe 3HAaUeHHS aepOoAUHAMIYHOT JIOCKOHATICTI
Kgsan — aepoinHamMiyHa JOCKOHAICTh B 30aJJaHCOBAHOMY CTaHi
Cya 6an— KOCQIIIEHT MiAIAMAaTBHOT CHIIA B 30aJIaHCOBAHOMY CTaHi
Cyamax — MakCcUMaJsbHE 3HaY€HHS Koe]ilieHTa miaiiiManbHOl CUTn
K/ANCya— KpUTEPI MaKCUMaIbHO1 JaJTbHOCTI

m,Cye - KpuTepin CTIHKOCTI

Vg 41 - MIBUJIKICTD IJTAHYBAaHHS B 30a1aHCOBAHOMY CTaHI

Aro - KoedirieHT cTaTHyHOro MOMeHTY 'O

Sro - TUIOIIA TOPU3OHTAIIBHOTO ONIEPEHHS

Lo — TUI€Ye TOPU3OHTATIBLHOTO OTIEPEHHS

lro — po3Max rOpPU30HTAILHOTO OTIEPEHHS

JIA — nmitanibHUY anapar

[IBM — naHenbHO-BUXPOBUN METOL

JIA — nmitanpHUY anapar

BITJIA — Oe3ninoTHUM JiTadbHUN amapar

KCC — KOHCTpYKTHBHO-CHIJIOBA CXE€Ma

III'O — nneue TOPHU3O0HTAJIBHOI'O OIICPCHHSA



Beryn

[Inanepy MOXyTh 3HAYHO NEPEBEPILIYBATU Oynab-sKl OE3MUIOTHI JiTaJIbHI
anmapatu (BIIJIA), mpu3HadeHi &ajis JOTICTUKH BaHTaXiB, OCKUIbKUA (PaKkTU4YHA
JANbHICTh TOCTABKU BAaHTAXY CKIAAETHCS 3 JAIBHOCTI MOJIBOTY JIiITaKa-HOCIS ILJTIOC
JaNbHICTh  TONBOTY IutaHepa. (OCHOBHUM  3aBIaHHSIM  aepOJAWHAMIYHOTO
MPOCKTYBAHHS TPAHCIOPTHOTO IIaHepa € (OpMyBaHHS TeOMETpPii 30BHINTHBOT
noBepxHi. JloCHiKEHHSI MPUCBAYCHO CTBOPEHHIO TPAHCIOPTHOTO OE3MiIOTHOTO
IUTaHEPY 13 aBTOMAaTUYHOIO CHCTEMOIO KepyBaHHs. Bu3HaueHO BIUTUB mapameTpiB
HOro KOMIIOHYBaHHS Ha aepOoAMHAMIYHI XapaKTePUCTUKH.

AxkmyanvHicmb 1aHOI MaricCTepchbkoi aucepTalii MOJsIrae B MOMJIUBOCTI

MOBITPSHOT IOCTaBKH KOPUCHOTO HABAHTAKEHHS B JIOKAIIIT 3 «BAXKKUM) JIOCTYTIOM:

- 30Ha OOMOBHUX I

- 30Ha TEXHOT€HHUX KaTacTpod

- 30Ha CTUXIHHOTO JINXa

- 30HA en1IeMI1i

[TepeBaru: depe3 aBTOMATUYHY CHUCTEMY KEpyBaHHS OE3MUIOTHOTO
TPAHCHIOPTHOTO IJIaHEpa OUIbII BUCOKAa TOYHICTh JOCTaBKU KOPHUCHOTO
HABaHTAXXEHHS B 3a/laHy JIOKAIlil0 B MOPIBHSHHI 3 JIECAaHTYBaHHSIM Ha MapairyTi.
OCKUTEKM BUTOTOBJICH TIJIAHED 13 JIETKUX Ta PaJIoNpO30pHX MaTepiajiB (IepeBUHA,
CKJIOTIJIACTHUK, TUIACTUK) TO KOHCTPYKIIIS CTA€ BUT1THIIIO 32 I[IHOKO.

Haykoeéa nosuzna nucepranli TMojisra€e B CTBOPEHHI O€3MJIOTHOTO

TPAHCHIOPTHOTO TIJIaHEPA THTETPOBAHOTO 3 OE3MIJIOTHUM HOCIEM. Y 3B'SI3KY 3 YUM
BUKOHYETHCSI aHAJII3 BIUIMBY JIITAKa-HOCIA Ha a€pOJIMHAMIUHI Ta JIbOTHO-TEXHIUHI
XapaKTEPUCTHKN OE3MIJIOTHOTO TPAHCMOPTHOTO IiaHepa. Ha ocHOBI aHamizy
BUKOHYETHCS ONITUMI3allisi KOMIIOHYBaHHS O€3MIJIOTHOTO TPAHCTIOPTHOTO TJIaHepa 3
TOYKHM 30py peanizalii MaKkCUMaJbHOrO 3HaueHHS Kmax B 3amaHux radapurax i3
3aCTOCYBaHHSM MPOCTUX TEXHOJIOTTYHUX PilIeHb (IPO(DITb 3 «IIJIOCKUM JHUIIEM 3

JUCTa, TUIOCKI TIOBEpPXHI, MEPEeBa)KHO TIUIOCKI JeTall BHUpI3aHl Ha CTaHKaxX 3



YHCEIbHUM MPOTPAMHUAM KEPYyBaHHSIM, CKJIaJaHHS MOJIMBE O€3 CIelialbHUuX
CTCH/IIB)

Memoou oocnidorcenns

JIist BUpIIIEHHST TIOCTABJICHMX 3aBlIaHb B POOOTI BHUKOPHUCTAaHI METOAM
MaTEMaTUYHOTO  MOJICTIOBaHHS, OOYHCIIOBAJbHOI MaTEMaTHKH, a TaKOX
IMITAI[IHHOTO 1 HAIMIBHATYPHOTO MOJEIIOBaHHS. BUKOpHCTOBYBaJloCh MpOrpamMHe
3abesrmeueHHs: nporpamu Microsoft Office, Pansym, Origin ta KOMIIAC-3D-
V18.1

Ilpakmuuna 3nauumicms i 6nPoOEAOIHCEHHS PE3VIbIMAMIE

Po3pobiniena aeponmHaMiuHa MOJENIb TPAHCIIOPTHOTO IJIaHEPA Ta BUKOHAHO
aepoJIMHAMIYHUN PO3PaXyHOK Ta ONTHUMI3allil KOMIIOHYBaHHS TPaHCIOPTHOTO
mwiadepa. Ha OCHOBiI 1IbOTO PO3pOOJICHO Ta BHUTOTOBJICHO arperatv JOCIHiTHO1

MOJIENI.



PO3JILT 1
OIJISAJ] TA AHAJII3 HAYKOBHUX JIOCJIKEHD
AEPOJIMHAMIKHA KOMITOHYBAHBb CYYACHUX IJIAHEPIB

B nmanomy po3miii po3riissHYTO CydacHiI HAyKOBI JTOCIHIJDKEHHS JJIs aHAII3Y
KOMITOHYBaHb Tu1aHepiB. O3HAHOMMBIIKCH 3 JIITEPATYpOIO Ta IHTEPHET pecypcaMu

OyJ10 BUJLIICHO JJIs IETAIbHOTO aHali3y HACTYIHI CTATTI:

1.1 Aepoaunamiuni xapakrepucTuku mJjanepa GL-1 Ha ocHOBI

004K C/II0BAJIBLHOI JTUHAMIKH PIAMHU

B npami [1] aBropu E. Amalia, M.A Moelyadi, R. Julistina, C.A. Putra
JOCIIKYIOTh aepouHaMiuHil xapakTepuctuku 1uianepa GL-1 (puc.1.1.1) na 6a3i

obuucmoBanbHOI rigpoauaamiku (CFD)
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Puc.1.1.2 Ilopisuanuns aepoournamiunoi epekmusHocmi 071 NOPIBHAIbHO2O AHANI3Y

[Totoune nmocmimkenus CFD 3 BukoprcTaHHsIM 3a4eIieHHs MOTyTUIaHepa Ja€
YaCTKOBO XOPOILIUM pe3yNbTaT il mependadeHHs MakcuMallbHOI fnanbHocTi CL
HWKYE KyTa aTaku 4 rpaiycu 1 Ja€ 3HA4Y€HHsS MakCUMajibHOI epexktuBHOCTI CD
npubIM3HO BHABIWI OUTBIE, HIX pPE3yJbTaT TMOMEPEAHHOTO NPOEKTyBaHHS. Ha
puc.1.1.2 mnokazaHuii pe3yabTaT OLIHKUA aepoJuHaMivHIi edekTuBHOCTI. Mu
MOXEeMO OayuTH, 110 MaKCUMajbHa aepoJIMHaMIUYHA €(EKTUBHICTb JJI ICHYIOUHX
IJIaHepiB 3HAXOAUTHCA B Jiama3oHi Big 25 g0 38, B ToW dYac sK 3a4eTuICHHS
noJiyIuiaHepa Jiae 3HaueHHs 19, a 3auernieHHs MOBHOTO IUIaHepa Ja€ 3HaueHHs 16.
e 3HaveHHs € mpsMUM HachiakoMm nepeadadenas CD, ToO6To Bce mie moTpedyroTh
MOJIIIIEHHS, IK 00roBOpIOBaiocs BUIlE, TOMY 1110 3HaueHHs CL Bxke 3HaXOAUTHCS

B TOMY 3K Jlialia3oHi, 10 ¥ ICHYI0Y1 MJIaHEPH.

1.2 Jocaimxenns aepoaumHamiku 1iiaHepiB 'y TexHoJioriunomy

yHiBepcuteTi Jeadra. Ocranni ta cydyacHi momuii.

B po6orti [2] aBTop L.M.M. Boermans gocii/pKkyBaB aepoJMHaMIKy TUIaHEpa.
VY mepuiii yacTWHI aBTOP OMHUCY€E PE3yJbTaTU OCTAHHIX aepoAMHAMIYHUX
po3po0OK Ha (haKyIbTETI aepOKOCMIUHOT iHKeHepii J[endTChKOTo TeXHOIOTTIHOTO

YHIBEPCUTETY, sIKI OyJM 3acTOCOBaHI B BHCOKOINPOAYKTHMBHUX IUIAHEpax Ha
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npukiaai cimericts Advantage (puc.1.2.1.), Antares (puc.1.2.2), Stemme S2 / S6 /
S8 / S9(puc.1.2.3.), Mii-31(puc.1.2.4) Tta Concordia (puc.1.2.5).

Advantage

Puc.1.2.1. Bucokonpodykmugnuii nianep cmanoapmuoeo kuacy. Ilepesacu nianepa.

Hoea 3enanoia

Puc.1.2.2 Bucoxonpodykxmuenuti nianep Antares 3 pozmaxom 20 m 3 8UCy8HUM

e1eKmponpuU8oooM.

11



Puc.1.2.3. Kombinayis kpuno-grozenaxic cimeticmea Stemme S2 /S6 / S8/ S9

Puc.1.2.4. ITnanep FAI knacy Mii-31

12



Concordia

Puc.1.2.5. Tpu 6uou oonomicnozo nianepa iokpumoeo xkiacy concordia

Ha ocHoBi pesynbTaTiB Oyna po3poOieHa HOBa MOBHICTIO 1HTErPOBaHA
KoMOiHaIi (rO3eTsKY 3 BUCOKUM KPHIIOM, sIKa Ma€ 1HAYKOBaHe OIip, Maii>ke piBHE
UHAYLMPOBAHHOMY OINOPY TUIbKM Kpuia. JlamiHapHU#M MOTIK Ha KPHJIl, HACKUIbKU
1€ MOKJIMBO, B HAIIPSIMKY XOP/H 1 10 (PIO3EIISIKY, 1 HEMA€ BIAPUBY MPUKOPAOHHOTO
miapy Ha nuloHi. BumpoOyBaHHS B aepoAMHaMiuHIi TpyOl 3 Biadpe3epoBaHHUX
MoaeuTro Mii-31 miaATBepAviIN MOITIIICHHS.

ByB po3po0iieHn 1 eKCIepUMEHTAITFHO MiATBEPIKEHO HOBUI TEOPETHUHUH
METOJI MPOEKTYBaHHS OOTIYHHMKA NMEPEeIHbOI KPOMKH. Takuii OOTIYHHK I03BOJIsIE
YHUKHYTH BIJPHBY TMOTOKY Ha (03Kl Mepe]; KOPEHEBOI YaCTMHOIO Kpuia 1
MIOJIAJTBIIIOT CUCTEMH BUXPOBOTO MOTOKY HABKOJIO KOPEHEBOI YaCcTHHH Kpmiia. Kpim
TOTO, I1€ TPU3BOUTH JIO MIBUAKOI peraMiHapizailii HaOImKaeTbesl TypOyJICHTHOTO
MPUKOPIOHHOTO I1apy HA OOTIYHHKY.

Y Apyrii 4acTUHI OMNMUCYIOTHCS PE3YJbTaTH TOTOYHUX JIOCHIIKEHb 3
KOHTPOJIIO 32 MPUKOPJIOHHUM IIaPOM 32 JJOTIOMOTOI0 BCMOKTYBAHHS, /I 3HAUHOTO
3HMKEHHSI OT0pY.

JlocikeHHS IO BCMOKTYBaHHIO TPUKOPIOHHOTO IIapy TPUBAIOTh, 100
BUPIIIUTH TPOOJIEMH, MO 3ATUIIMIUCA 1 PO3POOUTH aepoaMHAMIYHUN MPOQIIb,

crieniajgbHO po3poOIeHUM A BIICMOKTYBAHHS Yepe3 NPUKOPAOHHUMN 1Iap.

13



1.3 BruiuB napaMeTpiB KOMIOHOBKHM JiTAJIbHOT0 aNIAPATY i3 3aMKHEHOI0

MPOCTOPOBOI0 CXEMOI0 HA TPAHCIIOPTHY €()eKTUBHICTH

B po6ori [3] aBTopu O.0. Xowminiy, 1 J[.M. 3iHueHKO TOCHIIKYBaIU BIUIUB
CIOJyUYEHHS KpUJI 3aMKHYTOI IPOCTOPOBOI CXEMH, A€POIMHAMIYHHUX XapaKTEPUCTHK
1 TpaHcnopTHOI eekTuBHOCTI JIA. Ile JacTh MOXIIMBICTD HAIIMCAHHS METOJIUYHUX
peKOMEeHJalid I[0J0 BHUKOHAHHS a€pOJMHAMIYHOIO MPOEKTYBaHHS HOBHX
KOMIIOHOBOK JIA 13 3aMKHYTOIO ITPOCTOPOBOIO CXEMOIO.

JIoCNiTHUKHY OTPUMAIIA TaKU Pe3yJIbTaTH pOOOTH:

3HAUECHHS OCHOBHUX aepoAMHaMIYHUX XapakTtepucTuk npu M = 0,13 Ta

Re=4,24-10° u rpadiku 3anesxHocTel nmokasani Ha puc.1.3.1-1.3.4.

- I @
(K/\/L_r max .’//
515 e /-—/__,_.
/ / N
o/ = / v’/

51,0

® /
50,5

J

49,5

: N
-0,1 0,0 0.1 0,2 0,3 0.4 0.5 0.6 07 ¢
i H H i °
70 65 60 55 50 45 40 35 30 25 20 15 10
— W = o= 0% 2 2N e i, = DA = 0 e g = U = <18
= Zn.r\'.: 6 o’lu‘ =-20 °'- I Zn 1\:: 20 O’ZE.A:: -6 °

Puc. 1.3.1 I'paghixu 3anesxcrnocmei (K/\/C_y)max =f(Ysion) u (K/\/C_y)max =f(yn.x.)
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Puc. 1.3.2. I'paghixu 3anexncnocmeti Cyns =f(Ysion) u cyns =f(yn.x.)
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T Xm0 X =2 T K S 2N A = 0N AT R = 130 =13
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Puc. 1.3.3. I'paghixu 3anescrnocmett Kmax =f(Ysion) u Kmax =f{wn.x.)
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Puc. 1.3.4. I'paghixu 3anesxcrnocmeti Conm =F(Ysion) tt Conm =f(Wn.r.)

[IpoBeneHi nOCaiKEHHS T03BOJISIFOTh 3pOOUTH HACTYITHI BUCHOBKU:
1. Bu3HadyeHO BIUIMB CHOCOOIB CIOJYYECHHS HECYy4YHMX ITOBEpXOoHb JIA
3aMKHYTO{ MPOCTOPOBOI CXEMHU Ha TPAHCTIOPTHY €(PEeKTUBHICTH JIA.

2. OTpuMaHi 3HaYEHHS IapaMeTpiB TpaHCIOPTHOI edekTuBHOCTI (K/ /¢y )max

1 aepoauHamMiqHOro AKOCTI Kmax JIA 3aMKHYTOI MpOCTOPOBOI CXeMH, SIKIi HAOUHO
JEMOHCTPYIOTh TIepeBaru KOMIOHyBaHHs JIA 3 3a1HIM pIMUAM KPUIOM (Xp.p.=25°,
Xs3xp.=25°,) B TOpPIBHAHHI 3 IHITUMU KOMIIOHYBAaHHSMH Ha BCHOMY TIPOMIXKKY
BIJICTaHEH MK MIepeHIM 1 3aHIM KpriioM JIA.

3. OrpumaHi 3HAYCHHS MAaKCUMAJbHUX TIApaMETPiB  TPAHCIIOPTHOI

epextuBHocTi  (K/,/Cy)max 1 aepomunamiunoro sxocTi Kmax JIA  3aMkHyTOI

IPOCTOPOBOI CXEMH, IO JEMOHCTPYIOTh II€pEBard JaHOI KOMIIOHOBKH IIpH
MaKCHUMaJIbHIM BIJICTAHI Yeime MDK HepenHiM 1 3amHiM KpwioM JIA (kpuna
napaesbHi).

4. 3HailieHo pallioHaJbHE PIMIEHHS 3 KOMIOHYBaHHS KoHCTpykuii JIA 13

3aMKHYTOIO ITPOCTOPOBOIO CUCTEMOIO KPHUIIL.

16



1.4 JlemoHcTpamisi TeXHOJIOTiI OJHOPA30BOro IJaHepa OJAHOPA30BOI0

BHKOPUCTAHHA 1 Tonn

Puc. 1.4.1 ITnanep LG-2K RAIN, 6ye cnywenuii iz sanmasicroeo nimaxa Shorts SC-7
Skyvan.

VY crarti [4] aBtopu Martinus M Sarigul-Klijn Ta Nesrin Sarigul-Klijn
NOPEACTaBWIA MPOEKTHI 1 JIbOTHI BUIPOOYBAHHS HEIOPOrOro OJHOPA30BOTO
aBTOHOMHO CKJIaIaHOT CHCTEMH aepoApoMy Ha OCHOBI IUIaHEpa 3 MiJKOCOM Ha
depmax. [1nanep npuszHaueH A OAHOPA30BOTO BUKOPUCTAHHS, TOMY JJIs1 KOXKHOTO
BUINIPOOYBaHHs MoTpiOeH HoBuM 1iaHep. Koxen mmanep LG-2K, po3ropHyTuii Ha
0a31 pi3HUX JITaKIB 3 HEPYXOMUM 200 TBUHTOKPHIIUX KPWJIOM, BKITtouatoun MV-22,
CH-53 a6o KC-130, moxke 3abesmeunTH AOCTYNMHUM 3a I1iHOW 130 By3IiB
MOBITPSHUN METOJ TIOTIOBHEHHS 3aIaciB 3 TAKOIO K TOYHICTIO, K 1 HU3bKa BHCOTA
ckunannd. Lli onHopa3oBi manepu morau nepeo3utu 10 1800 ¢hyHTIB BaHTaXYy B
TOYKA HEOOXIJHOCTi, PO3TAllOBaHI Ha BiJACTaHi Ouibiie 70 MOPCHKUX MHIIb.
[TocaakoBuii mapamryT, PpO3TOPHYTHH Ha Maliil BHUCOTI, MOXE JO3BOJIUTU
JIOCTaBJISITU BaHTaX1 B MICBKE CEpPEJIOBMINE, HEBEJIUKl TajsiBUHU, TOPUCTY

MICIIEBICTh 200 "epe3 JiCOBi ad0 KYHTJI.
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Cargo Volume = 36 1% (does not induds honeyoomb) - * 48" to owtside of
42 ft3 when parachute is not installed = rudders

Camgo Bay 21.75"Hx 29° W x 97 L
intemal dimensions

™

- e
307 (2.5 1)

1527 (12.7 #) 326" (27.2 )

0 T

Puc. 1.4.2. Posmipnuii 3-6ud nianepa DARPA LG-2K RAIN.

[Mnanep LG-2K - 11e BUCOKOKpHIIa KOHCTPYKIIIS 3 OOTIUHUM (Dro3emsikeM Ta
dbepmo-niiakpimieaum kpusioM (TBW). Bin mae equHuil rOpU3OHTAIBHUI XBICT 3
MOJIBIMHUMU BEPTUKATBHUMH XBocTamu. [IporoTun mianepu amns nporpamu RAIN
BaxxaTh 400 ¢pyHTIB (PyHTIB) MOPOXKHIM O€3 JIOAATKOBOTO JIECAHTHOI'O MapalryTa.
[Inanep mae poexunHy 12,7 ¢yrtiB 13 po3maxom kpuin 23,2 ¢yra. Bepcis
posmmpenoro pgianazony (ER) mae posmax kpun 27,2 dyra, mo 3abe3nedye
noJinieHHs koedimienTa koB3anns Ha 14%, ane noxae 37 GyHTIB 10 MOPOKHBOT
Baru ianepa, quB. Puc.1.4.2. OOcsr BaHTaXy IUIaHEpa CTAHOBUTH OJIM3HKO 42
KyOl4HUX (pyTiB O€3 BCTAHOBJIEHOTO MOCAJAKOBOTO mapamryTa 1 36 kyoiyHux ¢yTiB,
KOJW BIH BCTaHOBJeHUM. BanTaxxomigiioMHicTh cTaHOBUTH 10 1800 QyHTIB.
BapricTth 11010 manepa nependadacTbCs MOPIBHSIHHOIO 13 CTAHIAPTHOIO CHUCTEMOIO
JIOCTaBKU KOHTEWHEpIB, 10 nojaaerbes noBiTpsim (CDS), yepe3 noaiOHy BapTiCTh
MaTepianiB Ta MoA10H1 poOoUi roIMHU, HEOOX1IH1 111 BUpoOHUITBA T1aHepa. CDS
komtye Bijg 4500 1o 11000 monapiB 3a OUHUIIIO, 3aJIE€KHO BiJ] BAKOPUCTOBYBAHOTO
napamyTta, 1 90% Bcix BilicekoBuX aepoiapomiB CIHIA 3a ocranni 40 pokiB

BuKopucroByBaiu CDS.
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BucnoBok no po3ainy:

B nanomMy posaini Oysio po3riissHyTO Ta MpoaHaIi30BaHO Cy4acHi CTaTTi IPo
3HAaXO/DKCHHS aepOJMHAMIYHMX XapaKTEPHUCTHK IUTaHEepa, Ki 3aI0BOJIBHSUIA TEMY
Mmaricrepchkoi amcepTamii. OcoOMBY yBary NpUIUICHO cTarTi [4], ska Takox
pO3TIsiAae CUCTEMYy HOCIH+KOHTEHWHEp, alieé JOCTaBKa KOPUCHOTO HaBaHTa)KCHHS

3MIIACHIOETHCS 3aBJIIKU MapaIIyTy.
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PO3JILI 2
OIJISA] METO/IB BUSHAYEHHS AEPOITUHAMIYHUX
XAPAKTEPUCTHK ILTAHEPY.

AepoauHaMiuHUN ~ pO3PAaxXyHOK €  HalBaXIUBIIIUM  €JIEMEHTOM
aepoauHaMIgyHOro nociikeHHs: JIA abo oro okpemMux 4acThH (KOpIycCy, Kpui,
ONEPEHHs,  KEpylouux  NpucTpoiB).  Pe3ymbratm  Takoro  po3paxyHKY
BUKOPUCTOBYIOTBCA TPH TPAEKTOPHUX OOYMCICHHSX, MPU BUPIIICHHI 3aBJaHb,
NOB'I3aHUX 3 MILHICTIO PYXOMHMX OO0'€KTIB, IPH BU3HAYEHHI JIbOTHO-TEXHIYHHX
xapakrepucTuk JIA. [l BU3HAUEHHS aepOJMHAMIYHUX XapaKTEPUCTHUK JIITATbHUX

amapaTiB € METO/I: aHATITUYHUHN, YUCIIOBHH 1 EKCTIEpUMEHTATbHUM.

2.1 AHajliTH4HI MeTOAU PO3PAXYHKY A€POANHAMIYHUX XaPAKTEPUCTHK i
Koe(dilieHTIB JiTaJIbHUX aNIAPATIB

B ocHOByY cydacHHX METOMIB PO3PaxXyHKY acpOAMHAMIYHUX XapaKTEPUCTHUK
JIA y3aTUii IPUHIIUTT PO3YWICHYBAaHHS 1X Ha 130Jb0BaHi eleMeHTH. BinmosigHo 10
poro npuHiuiy JIA, mo npeacraBisie co000 KOMOIHAIIO KOPIMYCY 3 KPUJIOM 1
OTIEPEHHSM, 3aMIHIOIOTh PO3PAXyHKOBOIO CXEMOIO, B AKIH BUAUISIOTH OKpEMI HOTO
CJIEMEHTH: 130JbOBaHE KPWJIO, 130JbOBaHE OMEpPEHHS 1 130JbOBAHMIA KOPIIYC,

MaJTFOHOK 2.1, 1 3HAXOAATh 1X aepoAMHAMIYHI XapakTepucTukH [ 13].
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Kopniyc

e ADbi/o
|

KOHCO/1b
KpbI/Id ‘ Uneperie

AN

KOHCO/b ONEpeHLS

a)
W30/pobanHoe kpbi/io
— [
W30/pobarmsit kopniyc
AN
W3o/pobarHoe onepere
0)

Puc 2.1 - 3a npunyunom poszunenysanns JIA na oxpemi i301608aHi eremenmu

a — aimanvHutl anapam 6 360pi, 6 — i301v06aHi yacmunu JIA.

BusnaueHHs aepoJlMHAMIYHUX XapaKTEPHUCTUK 130JIbOBAaHUX elIeMEeHTIB JIA
npu J0- 1 HAJA3BYKOBUX MIBUIKOCTSAX HAOITar04oro MOTOKY HOCHUTh HE TUIBKH
JOTIOMIKHUN XapakTep, ajie 1 € CKJIaJIOBOI0 YaCTHHOO JOCIIKEHb aepoIuHaAMIKU

JIA. Hanpukian, IOCHIIKEHHS aepoJMHAMIKM Kpuiia HaO0yBae Bce OUIBIIOrO
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3HA4YCHHsI B Mipy MOSBYU arapaTiB TUITYy «J1iTatoue kpuioy» [16, 17], aepoagunamiunmii
po3paxyHoK kopmyciB JIA TakoX Mae cCaMOCTIHE 3HAu€HHS, TAaK SIK ICHy€ Kiac

amnapariB, sIK1 € JIMILIE TiIaMu o0epTaHHS.

2.2 YuceabHi MeTOAM MOJCJIOBAHHA IPoOUECIiB O0TiKAHHA JITAJbHUX

anapariB Pi3HUX aepOANHAMIYHUX KOMIIOHYBaHb

2.2.1 Po3paxyHOK aepoJIMHAMIYHUX XapaKTePUCTHUK JITAIbHHUX arapaTiB

METOJIOM JUCKPETHUX BUXOPIB

Meroa IUCKpETHUX BUXOPIB - 3aci0 BUPIIICHHS NPUKIAAHUX 3aBJaHb TEOPii
JiHIMHOrO TmOTeHImany B aepomuHamiku [18]. barato ¢i3uuni mnponecu
MaTEMaTUYHO OMHUCYIOTHCS B TEPMiHAX KpalOBUX 3aa4 JJis piBHsAHHSA Jlamaca, ske
Ma€ BIJIACTHUBICTh JIHIMHOCTI. MOXIIMBICTH BUKOPHCTAHHS B LIbOMY BHUIIAJKY
cynepno3uiii GyHIaMEeHTAIbHUX PIIICHb JT03BOJISIE (PO3MIIICHHSAM OCOOIMBOCTEM
Ha MOBEPXHI JIOCIIHPKYBaHOTO 00'€KTa, a HE B MMPOCTOPI HABKOJIO HHOTO) 3MEHIIIUTH
Ha OJIMHMITIO PO3MIPHICTh 3aBJIaHHS, a OTKE, 3MEHIIUTH MOTPIOHI 00YUCITIOBATBHI
pecypcu i OTPUMaHHS JJOCTOBIPHOTO Pe3yIbTaTy MaTeMaTUYHOTO MOJICTIOBAHHS.
OO0uuncIIOBaIBHUI METOA JUIsl BUPILIEHHS Psly MPUBATHUX 3aB/IaHb peasli30BaHUMN
B JIBOX MPOTPAMHUX MOMYJSAX, B cHcTeMi Komm'torepHoi anredpu MathCAD i
MoBor0 D@OPTPAH, mio 103BOJIAIOT, BU3HAYATH aePOJUHAMIYHI TOXIJTHI ISt
CHUCTEMH HECYUHX IMOBEPXOHB, 10 MOJICTIOIOTH MOBEPXHIO JIA, B IOTOIII i/IeaIbHOTO
HECTHUCIIMBOTO Ta3zy.

VY nporpamHoMy 3ac001 BUKOPUCTOBYIOTHCS TaKi MPUITYIICHHS:

- pyx JIA BimOyBaeThcs B Oe3MeKHOMY 130TpomHOMY cepenosuimi. [Ipu
IOMY NPUHAMAEMO Cepely 11€aTbHUM HECTUCITUBUM Ta30M;

- JIA pyxaeTbcs y CHOKIHHOMY cepeloBHUIll, (KOJIW IMIBUAKICTH TOYOK
noBepxHi JIA momo cepenoBuiia HabaraTo MEHIIE MBHUIKOCTI 3BYKY);

- MacoBHMH CWJIaMH HexTyemo. bynemo BBaxkatu, mo JIA pyxaerbcs B

1HEepLIHINA cucTeM1 BIIUIIKY, MOB'SI3aHOI 3 3eMJIEIO;
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- TpaHn4Hi yMOBH Ha moBepxHi JIA ¢GopMyroThCs B 3a1€KHOCTI Bix HOTO
BJIACTUBOCTEH Yy BUIUISI YMOBHU HENPOTIKaHHS ab0 3aKOHy MPOTIKaHHSA. Y
HECKIHYCHHO BiJJJAJICHUX TOYKaX BUKOHYETHCS yMOBa 3aracaHHs 30ypeHb s
NOTeHIay 1 Woro rpajmieHta (mBuakocTi). Ha menmeHi (sSkmo Taka iCHYE)
BUKOHYETHCSI KIHEMAaTHYHE 1 JUHAMIYHE YMOBH CIIJIBHOCTI TE€UIH 3 PI3HUX CTOPIH
NEeJEeHH, a TaKoX yMoBa YarunriHa-KyKoBCbKOro Ha KpaiKax Tija, 3 SIKHX IeJeHa
CXOJIUTH B MOTIK;

- oynemo BBaxkatu JIA xopctkum, cyuuibHuM. [loBepxus JIA BBakaemo
3aMKHYTOI 1 3a/1aHOI B 3B'13aH1N CUCTEM1 KOOPIMHAT.

[ToBepxHs Oynb-sikoro (i3UUHOro 00'€KTa MOKHA YSBUTH JBOCTOPOHHBOI
3aMKHYTOIO ITOBEPXHEI0, Y BCIX TOUKAX AKOI MOXKYTh OyTH OKpeMI JIiHii 1 TOUKU. AJie
BUKOPUCTAHHS TAaKOTO YSBIEHHS B METOMAl JUCKPETHUX BUXOPIB MOXE OyTH
ManoeeKTUBHUM, Yepe3 HelocTaTHe mBUAKoAlT icHyrounx EOM. [Ins nnanapaux
TIT abo0 €JNEeMEHTIB CHCTEMH HECyYHhX I[IOBEPXOHb (KpHJia, BEPTHKAJIbHE 1
TOPU30HTAJIbHE OMNEPEHHS) PO3YMHO BHUKOPHUCTOBYBAaTH CXeMaTH3allisl y BHIJISI
JIBOCTOPOHHIX HE3aMKHYTHX ITOBEPXOHb.

[TonepenHiit po3paxyHOK aepOAMHAMIYHUX XapPAKTEPUCTHK 3TIMCHIOETHCS B
MOyJIi Ha 0a3i, mporpamu KoMir'roTepHoi anredopu MathCAD, mamonok 2.2.1, nami
pe3ynbTaTH PO3paxyHKY TPAHCIIOIOTHCS B MPOTPAMHUN MOMIYJb, SIKHW peanmi3ye
PO3PaxXyHOK METOJOM TUCKPETHUX BUXOPiB, HA MOBI niporpamyBanas @OPTPAH,
pUCYHOK 2.2.2. SIK KOMIUIATOpP BUKOPHCTOBYETHCS CBOOOIHO PO3MOBCIOJIKEHE
nporpamte 3ade3neuyenns, Force 2.0.

Tpancnamis gaHUX MIDK TPOTPAMHUMH  MOJIYJISIMH  3JIIMCHIOETBCS  3a
JIOTIOMOT'OI0 KOTIIOBaHHSI MacuBy 1H(opmMallii 3a pe3yibrataMd poOOTH MOAYJsS B
cepenoBuii MathCAD B cepeny nporpamu Force 2.0.

[To 3akiHuenHto poboTH, mporpama ¢Gopmye 3BIT MNpo poOOTy, daiin

IPEICTAaBIIEHUI TEKCTOBUM JIOKYMEHTOM, puc. 2.2.3.
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Puc. 2.2.1 - Expannui gpopmu npoepammozo mooys
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x 1 -
& Soucel.f 2 -
3 dimension w(3),rtmp(3,4),d£(3),dg(3),c£(3,2),cm(3,2)
&

4 dimension rr(3,4)

S data rr/0.0,0.0,1.0,0.0,0.0,0.0,1.0,0.0,0.0,1.0,0.0,1.0/
6

7 NE£=0

8 ipel=0

9 do kx=l,10

10 do kz= 1,10

11 nf=nf4l

12 do 3-1,4

13 y(3 j,nf)=rr(33)+5-kz Lfmerpurpxs Z woofgmspev
14 end do

15 if (kx.eq.10) ipei(nf)=3

16 end do

17 end do

18 do k=l ,nf

19

2 call ples(x( 1,1 ,k),3(k),rke(1,k),rn(1,k),1i08)
21 if(i0s.ne.0) then

2 write(*,*)' ERROR=> BANEL N',k
23 stop

2 end if

% end do

% s3=0

2 do k=1,nf

8 ss=ss+s; (k)

2 end do

3 bx=10.

3

2

3 do i=1,nf

3 do 3=1,nf

% do 1=1,4

3% do m=1,3

24:126  Wsmendrmost  Bcraska

Puc. 2.2.2 - Obyucnenns 6 mooyni na mosi npocpamysanns ®OPTPAH
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COMMON/GEOMETRY/R (3,4,100) ,5(100) ,Rkt (3,100) ,Rn(3,100) ,Ipel(100) !3apesepsupoBanu

MecTo Ans

B namaTy TPEX

nx TPEX
KOHTPONBHEX TOUKAX,

cra

YeTHpex BepmiH CTa MaHenei pasOHeHHT KPENA,
TOYEK, TPeX KOMIOHEHT CTa HopMmanei B
CTa NpUSHAKOB CXOmA neneHs

COMMON/MTR/Am(100,100),6(100,2) ,B8(100,2) !

8

Mecro ana

namsTy u nep

CJIAY, MATPUUN pemeswi # MATPUUS NPaBHX 4acTed

B

porp: ans

dimension w(3),rtmp(3,4),df(3),dg(3),cf(3,2),cm(3,2)

dimension rr(3,4)

data rr/0.0,0.0,1.0,0.0,0.0,0.0,1.0,0.0,0.0,1.0,0.0,1.0/

NE=0

!4ucno naxenest &

cnos Ha

ipel=0 !Mpusnax cxoma memeHs C maHeneit

do kx=1,10
do kz= 1,10

I Tupaypyen MCXONHY® NaHEnt CRBMIOM BRONE OCH X
! Tupaxupyem MCXORHYD NaHenh COBUIOM BIONE OCH Z

!saganu ucxomuywo nanens

nf=nf+1! Cumraem nane
do j-1,4 !cumraem sef
r(2,3,nf)=rr(2,3) g
r(3 3,nf)=rr(3j)+5-kg
end do

if (kx.eq.10) ipei (nf)
end do

end do

do k=1 ,nf
!Buumcnaen nnomane, o
call ples(r( 1,1 ,k),
if(ios.ne.0) then
write(*,*)' ERROR=> §{
stop

end if

end do

ss=0

nf

ss=ss+s; (k) !Baumcnn
end do
bx=10. !3agamn xapari

!Ha srom BEOm MCXOHH
10cHoBHaS pacyeTHas o
do i=1,nf !Hepetupaen
do j=1,nf !lepe6upaen
do 1=1,4
do m=1,3 !3aguxcuposd
rtmp (m,1)=r(m,1,3)
end do

!Ecan ¢ nanenn cxommi)
npu-naraen x nasenu H
if(ipel(j).eq.1) then
rtmp(l,1)=rtmp(1l,1)+1

if(l.eq.4)
rtmp (1, k
end if
end do

I BrumcrnsieM cKopocTs,
call skos_pan (4, rkt (]
1 Bruncasen HopMansHys
call sp(w,rn(l,i),am
end do

end do

!Marpnua CNAY c¢opmuposBaHa

!oopuupoBanne nepsosi npasosi uacty CHIAY

alfa=5 3.14159/180

!PaccMOTpMM MANMI yrON aTaxu

w(l)=cos (alfa) !Emy BexTop roroxa
w(2)=sin(alfa)
w(3)=0
do k=1,nf ! TouKM !
noToKa K it nanenu B i TOYKE
call sp(w,rn(1,k),b(k, 1))
Ha yrna arvaxu

b(k,1)=b(k,1)/alfa !
end do

!0opmupoBanue BTOpO npasos wacTy CIIAY. PaccMoTpym EpameHue “BOXDYT ocu,
HampaBAeH~-HOM BROML PA3Maxa, C EIMHAYHON YTMOBOR CKOPOCTED
w(l)=0

call vp(w,rkt(l,k),r
call sp(rtmp(l,1),rn
end do

b=4%314159*b

!Pemaen CTAY c mpyms
COMMON /MTR/

npr=2

call rslu(nf,npr)
!Pacuer marpysox

w=0 !3anaem BexTOp H
c£=0 ! O6HynseM maccy
3anaun

,nf !Nepetupad
do j=1,4 !Mepebupaey
if(ipel (k) .ne.j) then
aneMeHTapHas cuna
jpl=j+l

f(jpl.eq.5) jpl=l

do i=1,3
dg(i)=(r(i,ipl, k) -r(
remp (i,2)=(r(I,3pl, k
end do

call vp(dg,w,df)
do i=1,3

cf (i, kk) =cf (i, kk) +df
end do

call vp(df,rtmp(l,2)
do i=1,3

cm(i, kk)=cm(i, kk) +rtn
end do

end if

end do

end do

end do

!Te

write(*,'(1X,3HCx=,F10.5,5H; Cy=,F10.5,51i;

Cz=

(2*cf(i,2)/(ss*bx) ,i=1,3)

write(*,' (1X,3HMx=,F10.5,5H; My=,F10.5,5H;

(2*cm(i,2) / (ss*bx),1=1,3)

1142

Mz=,F10.5,) ')

F10.5,)")

!loanporpauia BHYUCASET MIOWARE SS, PAIMYC-BeXTOD KOHTPOJLHOS TOUKM I'C, OPT HOPMANA

rn, xox BosBparTa 108 mna naHenu rv
subroutine plos(rv,ss,rc,rn,ios)

dimension rv(3,4),xs(3,
ios=0 do k=1,3
xs(k, 1)=rv(k,1)-rv(k,3)

2),rc(3),rn(3)

xs(k,2)=rv(k,2)-rv(k,4)

rc(k)=(rv(k,1)+rv(k,2)+rv(k,3)+rv(k,4)) /4.0

end do
call vp(xs(l,2),xs(1,1),

n)

call sp(rn,rn,ss)
if(ss.eq.0) then
ios=-1 return
end if

ss=sqrt (ss)

subroutine sp(a,b,c)
dimension a(3),b(2)

c=c+a(i)*b(i)

end do end
subroutine vp(a,b,c)
a(3),b(3),c(3)
c(l)=a(2)*b(3)-a(3)*Y
end

i

dl(x,z) !

) pesyns!
write(*,*)' Task: AL
write(*,' (1X,3HCx=,F
write(*,"' (1X, 3HMx=,F
(2*em(i,1)/ (ss*bx), i
write(*,*) ' Task: O

call sp(x,x,2z) z=sqr
subroutine skos_pan (
BUXPEBEMY OTPE3KAMM
dimension rt (3),r (3,
1*8 rl,r2,r22,r3

rb=1.e-28
xl=rt(1)-r(l,1)
yle=rt(2)-r(2,1)
zl=rt(3)-r(3,1)
rl=(x1*xl+yl*yl+zl*z
if(rl.gt.0.)rl=dsqrt
do i=l,n

ipmi+l
if(ip.gt.n)ip=1
x2=rt (1)-r(l,ip)
t(2)-r(2,ip)
t(3)-r(3,ip)
r2=x2*x2+y2*y2+z2*z2
if(rl.eq.0..0r.r2.eq
r2=dsqrt (r2)

x3=r(l,ip)-r(l,i)
y3=r(2,ip)-r(2,1)
z3=r(3,ip)-r(3,1i)
r3=x3*x3+y3tydizitel
if(r3.eq.0.) goto30
bx=yl*z3-z1*y3
by=21*x3-x1%23
bz=x1*y3-yl*x3

h= (bx*bx+by*by+bz*bz) /3
if(h.1lt.rb) h=rb rl=(x1*x3+yl*y3+z1%z3)/rl r2
n=(rl-r22) / (h*r3) wx=wx-

yl=y2 zl=z2 rl=r2
e

wil)=wx

X2'VX3+y2¥y3+22+23) [£2
z-h*bz 30 x1=x2

1ti*bx wy=wy-h*by w2

subroutine rslu(n, np
COMMON /MTR/ Ax (100,
do k=1,nm

nk=n-k

nkl=n-k+l

ab=ax (k, k)

if(abs (ab).1lt..00001
ab=1./ab

do kl=1,nk

kp=k+kl v=ax (kp, k) *al
do ipr=1,npr

y (kp, ipr) =y (kp, ipr) -
end do
do 11=1,nkl

1=11+k-1
w=ax(k,1) *v

ax (kp, I)=ax (kp, 1) -w
end do
end do
end do

do ipr=1,npr
*(n,ipr)=y(n, ipr)/ax
do k=1,nm

4
m=n-k

ab=ax (m,m)

if(abs (ab).1t..00001
xx=0.

do 1=1,k
-1+1
xx=xx+ax (m, 1) *x (i, ip:
end do
x(m, ipr)=(y(m, ipr) -x:
end do

end do end

subroutine ptn(n,ru,
N suxpessix orpesxos RY
OIPaHNYEHHES SaAaHHOA
dimension rt (3),ru(3

xsl=ru(l,1)+ru(l,2)-
zsl=ru(3,1)+ru(3,2)-

xs2=-ru(l,1)+ru(l,2)+ru(l,3)-ru(l,4) ys2=-ru(2,1)+ru(2,2)+ru(2,3)-ru(2,4)
2s82=-ru(3,1)+ru(3,2) +ru(3,3)-ru(3,4) s2=xs2*xs2+ys2*ys2+2s2*2s2 if(sl.gt.s2) then
sss=sl sl=s2 s2=sss

end if
rl=.01*sl
r2=100.*s2

x$=.25% (ru(1,1) +ru(l, 2) +ru(l,3) +ru(l, 4))-rt (1)

y8=.25% (ru(2,1) +ru(2,2) +ru(2, 3) +ru(2,4) )-rt (2)
28=.25* (ru(3,1)+ru(3,2) +ru(3,3) +ru(3,4))-rt (3)
re=xstxstystystzs*zs if(rs.gt.rl) go to 30 p=0.
return

30 if(rs.le.r2) go to 20

9

a=ysl*zs2-zsl*ys2 b=zsl*xs2-xsl*zs2 c=xsl*ys2-ysl*xs2
p=pt+(a*xstb*ystc*zs) /(4. *rs*sqrt(rs)) return

20 xl=ru(l,1)-rt (1)

yl=ru(2z,1)-rt(2)
22=ru(3,2)-rt (3) x3=ru(l,3)-rt(l)
x4=ru(l,4)-rt (1)

yd=ru(2,4)-rt (2)

z4=ru(3,4)-rt(3)

sl=sqrt (x1*xl+yl*ylszl¥zl)
S2=5qrt (X2*x2+y2¥y2+22%22)
S3msqre (x3*x3+y34y342z3423)
sd=sqrt (x4*x4+y4+yd+2z4+24)
a=(x1*x2+y 1 *y2+z1 *22)/(sl *s2)
b={(x3*x2+y3*y2+23*22) / (s3*s2)
C=(x3*x4+y3*y4+23*z4) / (s3*s4)

x 1 *x4+y | *yd+z 1 *z4) /(s 1 *sd)

x1*x3+yl*y3+2z1#23) / (s1*83)

£=(L.+a)* (1.+b) *(1.+e)

Pg=sqrt (.125%f)

ps=.25% (L.42.*a*b*e-a*a-b*b-e*e) pc=f+2.*pq* (.1 .+atbte)-ps pg=sqrt (abs (ps/pc))
zn=x3*(y 1 *z2-z1 *y2)+y3*(zl *x2-x1 *z2)+z3* (x1 *y2-y 1*x2) zn=sign(l.,zn)
p=p+4.*zn*atan(pq) f£=(1.+c)*(1.+d)*(1.+e) pg=sqrt(.125*f)

ps=.25% (1.42.*c*d*e-c*c-d*d-e*e)

pe=f+2.*pg* (1.+ctd+e) -ps

pg=sqrt (abs (ps/pc) )

zn=xd* (y1*z3-z1*y3) +y4* (z1*x3-x1%23) +24* (x1*y3-y1*x3) ;
p=p+4.*zn*atan(pq) end

£

zl=ru(3,1)-rt(3) x2=ru(l,2)-rt(l) y2=ru(2,2)-rt(2)
y3=ru(2,3)-rt(2) z3=ru(3,3)-rt(3)

zn=sigll(l.,zn)

o o
B pesynsrare paGoTH NpOrPaMMa BHBOIMT Ha IKPaH
N0 RBYM KMHEMaTUUECKMM NapaMerTpam:

cun u

Task: ALFA
Cx= .00000; Cy= 1.59176; Cz= .00000
Mx= .00000; My= .00000; Mz= .56209

: OMEGA Z
Cx= .00000; Cy= .48312; Cz= .00000
Mx= .00000; My= .00000; Mz= -1.46467

Puc. 2.2.3 - 36im npo pobomy npocpamu
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2.3 ExkcnepuMeHTa/JibHi MeTOAM BH3HAYEHHSI aepPOAMHAMIYHHMX

XapPaKTEePUCTHK JIiTAJTbHUX aNAPATIB PI3HUX aePOAUHAMIYHUX KOMIIOHYBaHb

2.3.1 PiBHSIHHA IMITYJIBCIB

AepoauHaMiuHI CUJIHM, IO J1I0Th Ha OOTIYHE TIJ0, MOXHA BU3HAUUTH HE
TITBKA TI0 BIJJOMUM PO3MOJIIOM THUCKY Ta JOTHYHOTO HANPYXEHHS MO MOTO
MOBEPXHI1, ajie 1 MO 3MiHI MBUAKOCTEH B chil. [ 1IbOro Mo>kHa CKOPUCTATHUCS
MeTooM iMiTynbCeiB [18]. et meTos 3acHOBaHU HA TEOPEMI, 3TITHO 3 KOO 3MiHA
KUIBKOCTI PyXYy PIIMHU B TaHOMY 00Cs31 OJTHO IMIYJIbCY CHJI, IIIO 1FOTh HA PiJIUHY.
BianoigHo 10 MeTOMy IMIYJIBCIB MOTIK 1 IO B CEPEAMHI MOT0 TIIO SBJIsIE COOOIO
€IMHY MEXaHIYHy CHUCTEMY, a JIOOOBE OIIp PO3IIISIIAETHCS K pEeakilis Tula Ha
CWJIOBH BIUIMB PiJIMHU, IO PYXAETHCS.

[Ipu oOtikanHi JIA 1 iX eleMEHTIB pealbHUM (BY3bKOMY) ITOTOKOM 3a HUMH
BuHukae ciig (CymyTHI CTPYMiHB), IO CKIAJAEThCS 3 3aralibMOBAaHMX YaCTOK
pinuan. IBHAKOCTI B IbOMY CHIiJl ICTOTHO BIJAPI3HSIOTHCS BiJ IIBUIKOCTI
Ha0iraro4oro (HEBO3MYIIEHHOTO) MOTOKY. [Ipu mpomy HaiOinblne raibMyBaHHS
BIJIYYBalOTh YAaCTKH, PO3TAIIOBaHI Y3JIOBXK OCI Cliay. Y HampsiMKy 30BHIIIHBOT
HOpMaJl JO IIi€l OCl CIOCTEPIraeThcsi 30UIBIICHHS MIBUJIKOCTEM 1 MOCTYyNOBE
BUPIBHIOBaHHA iX mpodiato. 3HAYCHHS IMBUAKOCTEH HAOMMKAIOTHCS 10
BIJIMOBIHOTO 3HAYCHHSIM Ha0Irarouoro moToKy.

Takuil xapaktep 3MiHM MIBUJAKOCTEM MOOMM3Yy KPYroBOro IIJIIHAPA,
00TIYHOTO J03BYKOBUM MTOTOKOM, MPOLTIOCTPOBAHUH pe3yibTaTtamu

EKCIIEpUMEHTATBLHUX JOCIIIKEeHb MpeicTaBiaeHux Ha Puc. 2.3.1
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Jlnst Bu3HaUeHHs KoedimienTa omopy HeoOXiJHO 3HATH PO3IMOILT MBUAKOCTI
B CJIIJI1, SIKE MOe OyTH 3HANICHO 32 BUMIPIOBAHUM B HhOMY ITOBHOMY THUCKY. 3 III€I0
METOI CKOPUCTAEMOCS PIBHAHHAM bepHyIIl JUisl eJ1eMEeHTapHOi Teuli HECTUCIMBOI
pIIUHU, 3 SKOTO IIBUIKICTh HE30ypeHOTO MOTOKY V., M/C, OOUYHCTIOITH 32

dbopmyIioro:

Ve, 5y 2(Po — Peo) /Poo (2.3.1)
Toni ms Tedii ,I0 mepeTHHAE Hepepi3 2-2, TUCK TalbMyBaHHS IIOTOKY po
[1a, 06uncnIO0TH 32 HOPMYIIOIO:

Po’ = P V.2 /2 + D (2.3.2)

KoedimieHT omopy npodiio ¢~ 6€3po3MipHa BeIMUUHA, HOTO 00YHCITIOIOTh

— Do’ —Px Po —Px
Ca=2J,, p{;—pq_- [1- \ p[:)—p-,.]dy (2.3.3)

Takum 4uMHOM, ISl BUBHAYEHHS BEJIMYMHU a HEOOXIJHO 3HATH PO3MOJALTY

3a GOpMYJIOIO:

MIOBHOTO THUCKY TIO BUCOTI CIiy. 3HAWICHE MPHU IbOMY OIip 00YMOBJIIEHO BILTMBOM
Ha KPWJIO OJHOYACHO CHJI THUCKY 1 TepTs. 3BiJKM BHILIMBAE BAXKJIMBA IepeBara
METO/ly IMITYJbCIB, IKa MOJIATAE B L1 MOMXJIMBOCTI 3HAXOJKEHHSI CyMapHOi CHIIN
3aMICTh BU3HAYEHHS OKPEMUX ii CKIIJ0BHX, SIK Mepe0adaeThCs B IHIIUX METOaX
(KpiM TEXHIYHUX TPYJIHOIIIB B EKCIEPUMEHTaX TMOTPIOHO NTPUUHATTS Pl

MIPOTIO3HIIIH 1 MPUITYIICHD P BUKOPUCTAHHI PO3PaXyHKOBHX 3aJICKHOCTEH).
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2.4 3Haxo[:KeHHSI aepOAMHAMIYHMX  XAPAKTEPUCTUK  MeTOJ0M
CHUMETPHYHHUX 0C00TUBOCTEH

MeToa CUMETPUYHUX OCOOIMBOCTEH JO3BOJISIE PO3PAXOBYBATH SIK TOHKI, TaK
1 TOBCTI KpuJja. Y TpaHUYHOMY BHUIIAJIKy HECKIHUEHHO-TOHKOI HECy40i TOBEPXHI BiH
Oe3nepepBHO MEPEXOAUTH Y BIIOMY CXEMY PO3pPaxyHKY 3 PO3MOJLIOM BUXOPIB IO
cepenuni moBepxHi kpuia. [llap mxepen B 1IbOMy BHUIIaIKy BUPOIKYETHCS, HOTO
IHTEHCUBHICTbH MparHe 10 HyJIs.

Braciniiok CMMETpUYHOT0 PO3MOILTY JHKEpes 1 BUXOPIB M0 HYKHIM 1 BEpXHI
MOBEpPXHI KpHJia METOJ OTPUMAaB Ha3BYy «METOAY CHUMETPUYHHX OCOOIHUBOCTEIN.
Lleit MeTo1 Ma€e rapHy 301KHICTb, TPAKTHYHO TAKUH e K 1 pO3paxyHKOB1 CXEMH 31
3HECEHHSIM TPaHUYHHUX YMOB Ha 0a30By IUIOIIMHY, Hampukian, meron C. M.
bimonepkiBchbKOTO.

Posrnsaemo o00TikaHHS KOMIIOHYBaHHS JIITaJbHOTO amapary 1aeajabHoi
HECTUCIIMBOI PIIMHOI0. P0310'eMO MOBEpXHIO JIITaKa HAa YOTUPUKYTHI IMAHENl y
BUTJISI/IL €JIEMEHTIB TinepOosoina. Ha manensx kpuia, omepeHHs 1 1HIINX HECYyUnuX
€JIEMEHTIB PO3MICTUMO BUXPOBUW Iap 1 map jkepen (CTOKIB), a Ha MOBEpPXHI
Gbro3espKy TUTBKH mIap JoKepel. Y miadro3esiKHIA JacTHHI Kpuiia MOCTaBUMO
YMOBY 30€pexXeHHS IUPKYJISIIIT 32 pO3MaxoM, TOMY MPUETHAHT BUXPOBI IIAPH JI1BOT
1 TpaBOi KOHCOJI1 Kpuiia (onepeHHsi) OyayTh 3'€IHyBaTUCS OAUH 3 OJJHUM 0€3 CX011y
BUXpOBH menenn. Llei mpuiioM 3aCTOCOBYETHCS MPAKTUYHO Y BCIX pO3paxyHKax
00TIKaHHS KOMIIOHYBaHHS JIiTAaKa METOI0M 0co0IuBOCTel. [IupKysIito BUXpOBOToO
miapy y3JI0BX XOpAW MaHenal OyAeMO anpOKCHUMYBAaTH JIHIHHOIO 3aJI€KHICTIO, a
HIUTBHICTH JKepen (CTOKIB) B MeKax MaHesll BBaKaeMo MOCTiHOM0. [lo O1uHmMX
Kpaiikax MaHeJell HeCy4YHX €JIEMEHTIB KOMITIOHOBKH 3IIHCHIOETHCS CXif BUTBHHX
BuxopiB. [lpm 1HOMY BHKOHYIOTBCS yMOBU [enmbMronbia mpo 30epekeHHS
upKyJsmii. YMoBa JKyKOBCHKOTO B MICISAX CXOJKEHHS BHXPOBHUM TIEJIEHU
3aJI0OBOJIBHSETHCS HUIAXOM OOHYJIHHS MUPKYJISIIl TPUETHAHOTO BUXPOBOTO IIapY.
[Tpu uncenbHOI peanizaiii MeToAy nepeadadyeHo, o BUXPOBa 3aBica B HOTOL MOXKE
BUOYJIOBYBaTUCS MO JIHISIX CTpyMy ab0 Martv 3a3jaleriap 3aaa"y (opmy

(HampuKIaJl, OPIEHTYBATUCS Y HANPIAMKY HE30ypEHOT O MTOTOKY).
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IIpu posmoaini BHXOpPIB 1 JUKEpeNd MO MOBEPXHI HECYYHMX EJIEMEHTIB
BUKOPUCTOBYETHCSI TPUHLUI CUMETpi3allil 0cOoOJMBOCTEH, 3ampONOHOBAHUN B
po0OTI, Uil po3paxyHKy OOTiKaHHS npoduaiB. TyT el TpUHIMO NOIIMPEHUN HA
TPUBUMIPHUN BUITA]IOK.

PosrisiHeMo crioyatky BiJOMHI METO1 pO3paxyHKY OOTIKaHHS TIICCHUX KPHUJI
3 JIIHEapU3alll€l0 TPaHUYHUX YMOB. Y LbOMY METOJAI IIap JKEpea 1 BUXOPIB
po3TamioByBaBcsi B 06a30Bii miomuHi kpuia (puc. 2.4.1, a). linbHicTh mKepen
3a/laBajiacsd MPOMOPLIMHOI HaxujaM JIiHII MIBTOBIIMH NpO(dUIIB, a HUPKYIALIA
BUXPOBOTO IIapy BU3HAYAIACS 3 YMOBU HETIPOTIKAHHS CEPETUHHOI MOBEPXHI KpHUIIA.
Pozainumo map mpxepent 1 BUXopiB Ha ABI PIBHI YaCTHUHHU 1 PO3MICTHMO 111 YaCTUHU
Ha BEpXHiN 1 HWXKHIA moBepxHi Kpwia (puc. 2.4.1, 0). IHTEHCUBHICTB JDKepen 1
BUXOPIB BU3HAYUMO 3 YMOB HEMPOTIKAHHS, SIKI 3aJI0BOJIBHUMO B KOHTPOJIBHHX
TOYKaxX MaHeJeHl, po3MOAUICHUX MO MOBepXHI Kpuia. [IpuponHo, mo KUIbKICTh
naHesnel Ha BEpXHIM 1 HIXKHIM NOBEPXHI MOBHHHO OyTH OJHAKOBO, alieé PO3MIp
naHelled MOXYTh Bifpi3HATHCA. Haramaemo, 1o po3mojia IIIJIBHOCTI BHXOPIB
KyCOUYHO-JIiHiIHE, a JKepeso KyCcOodHO-TocTiiHe. Tak camo K y BCiX MaHeIhbHUX
METOJaX 3aBJIaHHS 3BOJMTHCS JIO BUPIIICHHS CHUCTEMH JIHIHHHX PIBHSHB I0JIO
HEBIJIOMMX  IHTEHCHUBHOCTEH  ocoOmuBoctei. [licias  pimeHHS — cHCTEMU
OOYHCITIOIOTHCSI MIBUJIKOCTI B KOHTPOJBHHMX TOYKax TaHeNleH, BU3HAYAIOTHCS
BEJIMYMHU THCKY 1 CyMapHi aepoAMHaMivHi Xxapaktepuctuku [10].

MeTo CUMETPUIHUX OCOOIMBOCTEH JO3BOJISIE PO3PAXOBYBATH SIK TOHKI, TaK
1 TOBCTI Kpuia. Y rpaHUYHOMY BUIIAJKy HECKIHUEHHO-TOHKOI HECYUOl MOBEPXHI BIH
Oe3nepepBHO MEPEXOAUTH Y BIIOMY CXEMY PO3pPaxyHKY 3 PO3MOJLIOM BUXOPIB IO
cepenuHi moBepxHi kpuia. [llap mkepen B 1IbOMY BHIIAIKy BHPOIKYETHCS, HOTO
IHTEHCUBHICTH MparHe 10 HyJIs.

Bracniiok cCuMeTprUYHOT0 pO3MOILTY JXKEepe 1 BUXOPIB M0 HIKHIN 1 BEPXHIM
MOBEPXHI KpHJia METOJ OTPUMAaB Ha3BYy «METOAY CHUMETPUYHHX OCOOIHUBOCTEIN.
[eit MmeTo Mae TapHy 301KHICTh, IPAKTHYHO TAKUM XK€ SIK 1 pO3paxyHKOBI CXEMH 31
3HECEHHSIM TpaHUYHMX YMOB Ha 0a30BY IUIOMIMHY, Hamnpukian, meton C. M.

binonepkisebkoro. Ilpuuomy 301KHICTB €l1a00 3a1€KUTh Bl TOBIUMHU KpHUJla.
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[Ipu dncenpHOI peanmizailii MeToy OyB BUKOPUCTaHHHA €(PEKTUBHUN CIIOCIO
CKOpPOYEHHSI 00CsTy OOYMCIEHb 1 Yacy pO3paxyHKy MUISXOM IEepexoy BiJ
Oe3MepepBHOrO PO3MOALTY OCOOJIMBOCTEH 10O IUCKPETHUX aHaimoram. B 1mpomy
BUIIAJIKy BUXPOBHH MIap 1 map JHKEPEN PO3MOIIISETHCS 1o Biapizkax (puc. 2.4.1, B)
TaKUM YMHOM, 1100 cyMapHa IUPKYJIALISA BUXOPIB 1 IHTECHCUBHICTD JKEpPEN B MEXax
naHenl JiMmanacs HEe3MIHHOIO 1 He 3ajekala BiJl KUIBKOCTI BiIPI3KIB. Y3JI0BXK
BIJIPI3KIB IIUIBHICTh OCOOJMBOCTEH MOCTiifHA, ajie 3MIHIOETHCSA Bia BiApi3ka 110
BIJIpi3Ka MO 3a/IaHOMY 3aKOHY, JIIHIHHOMY JJI1 BUXOPIB 1 HOCTIHHOMY ISl IKEPEJL.

AHAJIITUYHI BUpa3u I MIBUIKOCTEW BiJ BUXPOBOTO BIApi3Ka 1 BiApi3Ka
JoKEpeN TocuTh mpocTi. HaBememo Bupas njis MIBUIKOCTI BifJ MiTKOBOOOPa3HOIO

BUxopy (puc.2.4.1,B)

D)

¢

Puc.2.4.1 Po3paxynkxoea cxema memoody po3paxyHKy 0OmMIiKaHHs MileCHUX Kpui 3
JIHeapu3ayi€eo SpaHuyHux ymos
a) wap odcepen i 8UXOPI8 8 6A308ill NIOWUHT KPULA,
0) nodin wapy oxcepen i UXOPI6 HA EPXHIO [ HUIICHIO NOBEPXHI KPULA,

8) pO3n0OLN wapy 8UXopis i wapy oxcepen no 8i0pi3Kax po3paxyHKo8oi nauei.
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CAxCM {{CA-CM) (C.‘A‘-q,)}r a,xq, _[(a,--qn—) (a,--p,-)]
|

| |C.4)(Cf’lf|1 |cM | - g, a p.|
v =—
" A4r | BDxDM {(BD-;}‘.} (BD-DM)]

+ 3 . —_—
BDxDM[ | |p, [DM|

(2.4.1)
e

g,=CM —(EJCA, p, = DM +(EJBD,
2w 2T

aﬁzCD—[zg_]
2T

)(CA +BD),
(2.4.2)

(N - KUIBKICTH BiJIPi3KiB HA ITAHENI).

[IBuaKICTH BiJ BiApi3Ka JKeped:

OcpOBa KOMITOHEHTA

;1 a | 1 1

R N N |
" dxlall |p] gl

(2.4.3)

PamiansHa KOMIIOHEHTA

- 1 [a,%q,]xa, (ai-qi]_(a‘.vq‘.)
’ |q: |;}I|

Fy

2 dx |al_ Xq,

| (2.4.4)

[lepeBara 1MCKpeTHOrO aHaIOra MoJIAra€e B TOMY, 10 3HIMAETHCSI OOMEKEHHS
Ha (opMy MaHesi 1 6e3 BCIKUX YCKIIaIHEHb MOXe OyTH 3MIHEHUH 3aKOH PO3MOALLY
IIUIBHOCTI OCOOJIMBOCTEW Y3J0BXK XOpAM naHedl. MoKHa BHUKOPUCTOBYBATH
TPUTOHOMETPUYHI 3aKOHH, CTATEUHI Ta 1HIII. JIJIS [HOTO JOCTATHHO 3MIHUTHU BaroBl
Koe(DIiLiEHTH NPU MiJICYMOBYBaHHI IIBUAKOCTEH B1J] €JI€MEHTapHHUX BIAPI3KIB, 1110

HajexaTh naneni. [lle ogHa mepeBara TUCKPETHUX aHAJIOTIB MOJIATA€ B MOYKJIUBOCTI
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YIPABIIHHS KUIBKICTIO B1JIP13KIB (TYCTOTOO CITKHM) IPY BHJAJIEHHI pO3pPaXyHKOBOI
TOYKHU BIJ LIEHTPY MaHeni. YuM mani po3paxyHKOBa TOYKA, TUM MEHIIE MOTpiOHE
YUCJIO BIJPI3KIB, 1110 MOJACIIOIOTH BILIUB O0€3MEPEPBHOIO PO3MOILTY OCOOIUBOCTEH,
a, OT’Ke, MEHIIIe Yac po3paxyHKy. HaBmaku, npu HaOIMKEHH1 10 MaHEeN KITbKICTh
BIIpI3KIB 30UIbIIy€eThcs. HalOinmplile 4Yuciio BiPI3KIB BIANOBIIAE PO3PAXyHKY
HIBUAKOCTEN B KOHTPOJIBHUX TOUKAX CYCIJIHIX MMaHeNel. Y CBOil KOHTPOJIbHINA TOYI
naHeNl JUIsl HOpMaJIbHOI CKJIaI0BOT 00YpEHOT MBUIKOCTI BIJ KEPET 1 ISl JOTUYHIN
IIBUAKOCTI B1Jl BUXOPIB 3A1MCHEHUIN TPaHUYHUHN TIEpexi]

MetoauyH1 AOCHIKEHHS MTOKa3ajy, 1110 B OUIBIIOCT] MPAKTUYHUX BUIAJIKIB
JUISL OTIMCY OJIMPKHBOTO TIOJISI JIOCUTHh HEe Oulbine 64 BiApi3kiB Ha ma”em. Jlis
JTAJIEKOT0 TOJISl JOCUTH OJHOTO a00 ABOX BiJpi3KiB. [lifkpecinmo, 1m0 301IbIIeHHS
KUTBKOCTI JTMCKPETHUX BHUXOpIB a00 JpKepen Ha TMaHeldl He NPU3BOAUTH JI0
30UIBIIICHHST YHCJIa HEBIOMUX B CHUCTEMI JIIHIHHUX PIBHSAHb. HEBIIOMUMH SIK 1
paHille 3aJMIIAI0ThCS 3arajbHa LUPKYJALIS BUXOPIB 1 3arajibHa 1HTEHCUBHICTH
Jokepen Ha na”enm. KinbKicTh piBHSHB TOPIBHIOE YUCITY TTaHECH.

MeToanuHI pO3paxyHKH 3a po3po0JCHUM aIrOPUTMOM OYyJIH TIPOBEICHI IS
npodiaiB, KpWiI, MOTOrOHAON, (ro3eispkiB 1 iXx komOiHamiin. HaBememo neski
pesynbTaTu. Ha puc. 2.4.2 moka3aHo pO3MOAUI THUCKY IO TMOBEPXHI OOWYaiiku
OCECUMETPUYHOI0O MOTOTOHAONM 3 NpoTOKow. CyLUIbHOK JIHIEH TOKa3aH1
pe3yNbTaTH PO3PAXyHKIB 32 METOJOM, CHMBOJIAMH - 32 PO3POOJICHMM METOJIOM

CUMETPUYHHUX OCOOIUBOCTEM.
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Puc. 2.4.2 Po3nodin mucky no nogepxui ooudatiku 0cecumempuyHoo MOmo20HOO0IU 3

npomokKor

Ha puc. 2.4.3 moka3zaHo po3moail THUCKY B Tepepi3i Kpuia i (Pro3essiKy,
pO3TaIOBaHUX B 30HI B3aEMHOTO BILIMBY. HaBOAMTHCS po3paxyHKOBa CiTKa KpHJia
1 ¢rozemspky. Y Micli CTUKY Kpwia 1 (DrO3€JIsKY pO3paxyHKOBa CiTKa B3a€MHO
y3rojikeHa. BigzHaummMo, 10 HE3Ba)KarOUM Ha 3TYIIEHHS CMYT Ha (Pro3eisbKi B
00J1acTi TepeHbOi KPOMKH KpHJIa PIIICHHS TMOBOJUTHCS JOCUTH TJaaKo. Briius
CTUCMBOCTI TIpH 4yuciai M = BpaxoBaHO TpHOIW3HO 3a mpaBwioM [IpaHaTis -
['mayepr.

Ha puc. 2.4.4 moka3aHo po3moi i300ap 1Mo moBepxHi TPAHCIIOPTHOTO JIiTaKa.
MopemoBaBcs (Pro3esbK, KpUao, ONMEePeHHs], MOTOTOHJIONH 3 MPOTOKOIO 1 MJIOHH.
Bci enmementn Mamu TinecHy dopmy. s 3aBAaHHS TOJOBHHU KOMITOHYBaHHS
BUKOpUCTOBYBajoch 950 maneneit. Yac pospaxynky Ha EBM 3 mBuakomiero 1

MJIH.OII.C. cTaHoBUTH 110 xB. [19]
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M=06,x=5"
levewue wpsira T242

pacvem[18]119] <
0 MEmod CUMMEMPUYNAX DeoleNnoCmEy

0 JINCREPUNENM [22)

Cevenue Provessna 915" pece
cpl
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Puc. 2.4.3 Po3nooin mucky 6 nepepizi kpuia i ¢ro3ensiicy, po3smauto8aHux 8 30Hi

63AEMHOC0 6Nnusy

M=07;0=5"

Puc. 2.4.4 Po3nodin i306ap no nosepxui mpaHcnopmHoz20 1imaxa



TakuM 4uMHOM, pO3pOOJEHUI METOJ JI03BOJISIE PO3PAXOBYBATH J03BYKOBI

00TIKaHHS KOMIIOHOBOK JIITAJIBHUX anapaTiB CKJIAJHUX FTeOMETPUIHUX (HOpM.

BucHoBku 110 po3miny:

B nmanomMy posain Oynu po3rIsIHYTI METOJIM BU3HAYEHHS aepOJaMHAMIUYHUX
XapaKTEPHUCTHK: aHAJITUYHI, YUCEJIbHI Ta eKCepUMEHTaNIbHI. OKPEMO PO3TISHYTO
3HAXOJDKCHHS ~ aepOAMHAMIUYHUX  XapaKTEPUCTUK  METOJOM  CHUMETPUUYHHX
0COOJIMBOCTEH.

JInst BUpIIIEHHSI MOCTABJIIEHOIO 3aBJAHHS MAariCTepChbKoi Auceprauii OyB
BUKOPUCTAHUNH OAMH 3  3araJIbHONPUMHATUX  METOJIB  MaTeMaTH4YHOI'O
MOJIETIIOBaHHSl OOTIKAaHHA JIITaJbHOTO amapaTy - MaHeJIbHO-BUXPOBHUI METO.

CUMETPUYHUX OCOOTMBOCTEH.
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PO3JILI 3
MOBY/IOBA PO3PAXYHKOBUX MOJIEJIEIl BAPIAHTIB
KOMIIOHYBAHHSI TPAHCIIOPTHOT'O TIJIAHEPY

3.1. Bu0ip aepoauHaMiyHoOI cxeMu

3 BUKOPUCTaHHSIM MeETO/Ja OOYMCIIOBAHOI AaepoAMHAMIKH BUKOHAHO
MOJICJIFOBaHHS BIUIMBY PI3HUX BapiaHTIB KOMIIOHYBAaHHS TPAHCIIOPTHOTO IUTaHEpa
Ha 3HAYCHHS aepOAMHAMIYHOI JOCKOHAIOCTI Kmax, KOEIIIEHTY MiIIHMaTbHOT CHIIA
Cyamax, KpHTepil0 MakcuMmanbHOi mambHocTi K/ACya Ta  crifikocti myCve
O€3MUIOTHOTO TPAHCIIOPTHOTO IJIaHepa.

CxeMu «kauka» 1 «0eCXBOCTKa» HE OTpHUMAJM, K BIJIOMO, MOIIUPEHHS B
J03BYKOBIH aBiailii. Cepel JIeTKMX ITUBUIBHUX JIITaKIB KJIaCUYHA (HOpMaJibHA) cXeMa
JiTaka 3 XBOCTOBUM OTIEPEHHSIM HaOyiia HaOUThIIOro momupeHHs. BoHa 6116111010
MipOI0 32/I0BOJIbHSAE€ KOMIUIEKCY BHMOT, IO MPEI'SIBISIOTHCS IO JIETKUX JIITaKiB
aBlalli 3araJbHOrO MPU3HAYEHHS IO CTIMKOCTI, KEPOBAHOCTI, OE3MEKHU Ta 1HIIUM

JHOTHO-TEXHIYHUM XapPaKTEPUCTHUKAM.

Taomung 3.1.1

['eoMeTpuyHi XapaKTEepUCTUKH PO3PAXYHKOBHX MOJIEIIEH

Kpuno

[Toma kpuna S = 16.735 M2
BuoBxeHHs Kpuiia A= 10.0
Po3max kpuia | = 13.0 M
CepenHs xopia bcax = 1.3 M
[Ipodins kpuna: P-3-A15

Onepenns
IT01ma onepeHHs Son = 4.184 M2
BinHocHa miiomnia onepeHHs Son/S 0.25
BuoB)KeHHSI OTIepeHHS Aon = 5.0
Po3mMax onepeHHs lon = 4.58 M
CepeiHsl XopJ1a OTIepEeHHS bcaxon = 0.914 M
BimHOCHE miede onepeHHs Lon = 3.16*bcax
KoedimieHT  cTaTUYHOTO  MOMEHTY Aon = 0.8
OTIEpPEHHS
[Ipodins onepenns: NACA 0010

Drozensinc
[Tnomra nepeTHy (Qro3emsHKy Smite = 1.131 M2
BinmHOoCHa mepeTHHy (ro3eIshKy Smino/S 0.0676
BunosxkeHHs (hro3emsiKy Ao = 6.83
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JloBxxuHa Gro3emsnKy

lo | = 8.2 M

HiameTp (ro3emsoky

do | = 1.2 M

Jist Toro 100 TOpIBHSHHS AaepOJWHAMIYHUX XapaKTEPUCTHK OyJo

CIIpaBeIJIMBUM, BC1 Mozem Oyinu cpopMoOBaH1 3 OJHAKOBUMH IMMapaMeTpamMu (I1B.

Ta6m.3.1.1) Ha 6a3i npsmoro kpwia. byiao mpoaHani3oBaHO pe3ysbTaTH MoJieNen

TaKHUX CXCM:

Knacuuna cxema (puc.3.1.1);

S

=

Puc.3.1.1. Pospaxynkxoea mooenb KIacuyHol cxemu.
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Mopgpenb cxemu «Tangem» (puc.3.1.2) nokasana Taki pe3yabTaTH:

[T

Puc.3.1.3. Pospaxynkosa modenv cxemu «maHoem».

1. Y cxeMi «raHaeM» dYepe3 30UIbIIEHHS KyTa BCTAHOBJIEHHS
TIEPEIHBOTO KPUJIa Hje 3HA4YHE 30iMbLIEHHS MOB3J0XKHBOI CTiMkocTi mz®? ane
3MEHIIYETHCS  MAaKCHMaJbHE  3HA4YCHHS aepoJIMHAaMIYHOI ~ JTOCKOHAJIOCTI
koMroHyBaHHs K. BukoHaHHst pekoMeHaalliil 3 IpOeKTYBaHHS JIITAJILHOTO anapary

[0 JI0 3HAYEeHHS mz~Y2

= - 0.25 moxe OyTH peasli30BaHO AJIsl KyTa BCTAHOBJICHHS
IepeHbOro Kpuia @ro=+5°;

2. JIis BCIX PO3TIISIHYTUX 3HA4€Hb KyTa BCTAHOBJICHHS MEPETHBOTO
KpHUjla CIIOCTEPITraeThcs BTpaTa CTIMKOCTI CXEMH «TaHJIEM» Ha 3HAYCHHSIX KyTa
aTakH o, 10 BiJIOBi1a€ MAaKCUMaJIbHOMY 3HAYCHHIO aepOJMHAMIYHOT JOCKOHAIOCTI
K. HeBukonanHs ymoBM cTilikocTi mz®¥3<() cmocTepiraeTbcsi B HE3HAYHOMY
Jlana3oHy KyTiB aTaku o Ta JUIsl OUIBIIMX 3HaYEHb 0L BUMOTa CTINKOCTI BUKOHY€ETHCS
JI0 KpUTUYIHOTO KyTa aTakH os ;

3. B xoml  MareMatTMyHOro  MOJENIOBAHHA  aepoMHAMIYHUX

XAPAKTCPUCTHUK CXCMH «TaHACM) BH3HAYCHA 0COOJIUBICTh BTpaTu CTIMKOCTI Ha

peXKUMI MAKCUMAJIbHOI TPUBAJIOCTI MOJIbOTY .
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Monens cxemu «Kauka» (puc.3.1.3) mokasana Taki pe3ynbTaTu:

&

Puc.3.1.4 Pospaxynkoea mooenb cxemu 3 NepeoHiM OnepenHsIM.

1. 30UMbIIIEHHST  3HAYEHHS  KyTa  BCTAHOBJICHHS  TIEPEIHBOTO
TOPU30HTATBLHOTO OMEPEHHS CXEMH «KadKay MPU3BOAUTH JO 3HAYHOTO 301IbIIICHHS

3HaYeHHS KPUTEPII0 MOB3JI0BXKHBOI cTilikocTi mz%Y

% Ta BIUYTHOTO 3MEHIIICHHS
PiBHSI MAKCUMAJILHOTO 3HAYCHHS acpoaMHaMIYHOI JoCcKOHAIOCTI K KoMIIOHYBaHHS.
BukonanHs pekoMeHAaIiil 3 TPOSKTYBAaHHS JIITAJTLHOTO amapary 10 J0 3HaYeHHS
mz®? = - 0.25 moxe OyTu peamizoBaHO IS KyTa BCTAHOBIECHHS IIEPEIHLOTO
FOPU30HTAILHOTO OnepeHHs @rno=+12;

2. JIist BCiX pO3TISHYTHX 3HA4Y€Hb KyTa BCTAHOBJICHHS TEPEIHBOTO
TOPU30HTAJIBLHOTO ONEPEHHS HA BIMIHY BiJ] CXEMHU «TaHJIEM» BTpaTa CTIMKOCTI Ha

SHAYCHHAX KyTa aTaku 0O, M0 BiI[HOBiI[ae MaKCUMaJIbHOMY  3HAYCHHIO

aepoauHaMigHoi TockoHanocTi K He criocTepiraerscs;
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3. BracHe MakcHMMallbHE 3HAYEHHS aepOJMHAMIYHOI JIOCKOHAJOCTI
Kwmax 1110 peanizyeThbcst 32 yMOBH 3a0€31€UeHHS KPUTEPIIO MOB3I0BKHbBOI CTIHKOCTI

MoJIeTi «kadkay mzSY?

=-0.25 € 3HaYHO MEHUIMM B MOPIBHSHHI 3 aHAJIOTTYHUM
3HaueHHSIM Kwmax U1 cXeM KOMIIOHYBaHHS «TaHAEeM» a00 KJIACUYHOI CXEMHU.
HaouHuM € HM3bKa €()EeKTUBHICTH MEPEIHBOIO TOPU3OHTAIBHOIO ONEPEHHS Yepes
3HAQUHY 4YacTUHY IUIONl, w0 3aHaTy ¢ro3emsbkem BIIA, mo 3ymoBitoe

HEOOXITHICT, JOCTI/DKCHHS KOMIIOHYBAaHHS CXEMHM «Kauyka» 3 TMepeaHim

TOPU3OHTAJIBbHUM OIICPCHHAM Hi}lHHTI/IM Hanqg (1)IO36J'I$I)K€M.

Mopenr cxemn «Kauka w™oaudikoBana»  (puc.3.1.4) mokazama Taki

pe3yibTaTH:

=

i

i

Puc.3.1.4 Pospaxynxosa mooenv cxemu «kauka» 3 eepxuim posmiwenusm I11°0.
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1. BcranoBieHHs nepeaHBOrO TOPU3OHTAIBLHOIO OMNEPEHHS Haj
¢rozemspkeM Ha BUCOTI, IO JOPIBHIOE OJHOMY JiaMEeTpy [03BOJISIE 3HAYHO
30UTBIIUTH MAaKCUMAaJIbHE 3HAYEHHS aepoJAMHaMIYHOI JockoHanocTi Kmax 3aBasiku
O11bI1 €()eKTUBHOMY BUKOPHUCTAHHIO TUIOII OTIEPEHHS;

2. BB 3HaueHHs KyTa BCTAHOBJICHHS MEPEIHBOTO TOPU30HTAIBHOTO
ONEPEHHS CXEMH «Kayka MOJM(]IKOBaHa» aHAJOTIYHUM [0 CXEMH «KauKay.
3HaueHHs KPUTEPil0 MOB3NOBXKHBLOI  CTilikocTi mz%¥3=-0.25 peanisyerncs
BCTAHOBJIEHHSAM IEPEIHBOTO TOPU30HTAIBHOTO OIIEPEHHS Ha KyT Qrio=+12°;

3. JInst BCIX pO3TISIHYTUX 3HAY€Hb KyTa BCTAHOBJIEHHS MEPEIHBOTO
TOPU30HTAIBHOTO OMEPEHHs CXeMa «Kauka MoJau(]ikoBaHa» TaK caMO HE BTpayae
CTIAKICTh HA 3HAYEHHSX KyTa aTakH o, 1110 BIJMOB1Ia€ MAKCUMAJIbHOMY 3HAY€HHIO

aepoIMHAMIYHO1 JocKoHanocTi K Ha BiIMIHY BiJl CXEMHU «TaHIEM»;

c —0O=— Knacu4Ha cxema; —¢— TaHgem; —— Kauka; —— Kauyka moaudikaBaHa;
ya

2.4+ "Kauka moawndikosana" Cya - =

2.2

2.0

1.84

1.6 "Knacu4yHa cxema" Cya

1.4+
1.2+
1.0+
0.8
0.6

0.4

"Kayka mogudikoaHa"

0.2

0.0

0 5 10 15 20 25 o
a,

Puc. 3.1.5. 3anescnocmi xoegpiyienmy nioiimanvroi cunu snavenus kyma amaxu Cya

=f(a). IlopisHanHs pe3yiomamis MoOen08aAHHS.

ors = 0. M=0.1; Re = 1*10°.
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—O0— KnacuyHa cxema; —¥— TaHgem; —¢— Kauka; —— Kauka moaudikaBaHa;

K

20

"KnacuyHa cxema" C

] = | = = = = -

T T
1.0 1.2 1.4 1.6

Cya

o
o
o
N
o
N
o
o)
o
®

Puc. 3.1.6. 3anescnocmi aepoounamiunoi dockonanocmi 8io koeghiyienmy nioitimanrbHoi

cunu . K =f(Cya). Ilopisuanus pe3ynomamis MoOento8aHHs pizHux KOMNOHYBAIbHUX CXeM. OPB =

0. M=0.1; Re = 1*108,

VY cxemi «kauka MoAM(IKOBaHA» 13 MEPEAHIM TOPU30HTAIILHUM OTEPEHHSIM,
MITHATUM HaJl (rO3esHKeM Ha BIJICTaHI OJTHOTO JiaMeTpy (pro3ersiky Bij HOTro Bicl
peani3yeTbCsi HaWOIIBIIMN PIBEHb AaepOJUHAMIYHOI JOCKOHAJIOCTI 3  YCIX
JOCITIIKEHUX CXeM KOMITOHYBaHHS OJTHOYACHO 13 3a0€3IICYCHHSIM BUCOKHUX HECYIHX
BJIacTHBOCTEH KommonyBaHHs (puc.3.1.5., 3.1.6.);

AHami3 OTpUMAaHMUX aepOAMHAMIYHMX XapaKTePUCTHK IOKa3ye, 10 B pasi
KOJIM CXEMHU KOMIIOHYBaHHS JITAJBHOIO amapaTy 13 NepeIHIM TOPU30HTaJIbHUM
OTICPECHHSIM, HE THTETPOBAHUM 3 (DIO3ETISHKEM a MITHATUM HaJ HOTO MOBEPXHEIO 32
yMOBHU 30€peKeHHs PIBHSA aepoJIMHaMidHO1 JockoHanocTi K MakcumanibHi Hecyul
BJIACTUBOCTI KOMIIOHOBKH (Cyamax) MOXKYTh OyTH 3HauHO 301ib11eH] (B 1.544 pa3zu,
3rigHo puc.1.3.5). Y 11poMy BUMMaIKy NIBUIKICTH 3BaJTIOBAHHS MOKHA 3MEHIIIUTH Ha
25% 1, BIITMOBITHO € MOJIMBUM 3MEHIIIUTH PIBEHb a€pOJIMHAMIYHUX HABaHTAXKEHb,

10 JIF0Th Ha KOHCTPYKLIIO TPAHCIIOPTHOI'O IJIAaHEPA;

43



3acTocyBaHHS B KOMIIOHOBIII TIEPEIHBOTO TOPHU3OHTAIHLHOTO OMEPEHHSI,
MIHATOTO Ha JIOCTATHIO BIJICTaHb BiJ MOBEPXHI (DIO3EISIKY J103BOJISIE 3a0€3MeUNTH
CYTTE€BHI NpPHUPICT 3HAYEHHS KPUTUYHOTO KyTa aTakd oS B NOPIBHSHHI 13
KJIAacCUYHOI0 cxeMoro (A as = + 90) Ta peanizyBaTu MOBUIBHUN XapaKTep MPOIECY
3BAJIIOBaHHS TAaKOro JTaka, M0 OE3yMOBHO TMOKpallye BHUMOTH 110 Oe3neku
IIOJIBOTIB;

3HavyeHHs koedimienTy migiiManbHoi cmimm Cya (Kmax), 1Mo Bigmosimae
MaKCUMaJIbHOMY 3HAY€HHIO aepOJMHAMIYHOI JOCKOHATOCTI Kwmax s cxemu
KOMITOHYBaHHS «Kayka MOAM(IKOBAHA» B MOPIBHSAHHI 13 AHAJIOTTYHUM 3HAYECHHSIM
Cya (Kmax) U1 KTaCMYHOT cXeMU € Ha 1/3 MEeHIIo10, 10 JO3BOJISITUME pealli3yBaTH

OubI1 Ha 23% MIBUAKOCTI KPEHCEPCHKOT0 MOJIBOTY JIITATBHOTO anapary;

OCKUIbKM TpPaHCIIOPTHUM TIJIaHEp JaHOI MaricTepchkoi pobotu Oyne
IHTEIPOBAHUM 13 OE3MIJIOTHUM TPAHCHOPTHUM JIITAJBHUM anapaTroM, TO CXeMma 13
NepeIHIM TOPU30HTAJIBLHUM OIEPEHHSM HE MIIXOIUTh Ta Oysia oOpaHa KilacHuyHa
cxema. BoHa OUIb111010 MIPOIO 33/10BOJIbHSIE KOMILIEKCY BUMOT, 1110 NP ABJISIOTHCS
710 JIeTkuX JIA 10 CTIMKOCTI, KepOBAHOCTI, O€3IMEKHU Ta 1HITUM JIbOTHO-TEXHIYHUMH
XapaKTEPUCTHKAMHU.

OcHoBHI ii mepeBaru:

- 3aBISKM PO3BUHEHIA XBOCTOBIM dWacTwHI (ro3espKy 0e3 TPYyMHOIIIB
3a0e31euyeThCs HEOO0X1JHE TTO3/I0OBXKHS 1 IIJIAX0BA CTIMKICTh 1 KEPOBaHICTh;

- 30epexkeHHd Oe3BIAPUBHOTO OOTIKAHHS TOPU3OHTAJIBHOTO OMNEPEHHS B
JesIK1 30H1 3aKpUTUYHUX KYTIB aTaku Kpuiia 3a0e3neuye JOCTaTHIO €(heKTUBHICTD

MO3J0BKHBOI'O KCPYBAHHS HA BCIIMKUX KYyTaX ATAKU.
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3.2 Po3paxyHOK aepoAUHAMIYHMX XAPAKTEPUCTHK PO3PAXyHKOBHX

MoaeJen

Kpuino € 0oCHOBHOIO 4YacTHMHOIO JiTaka, 1 BiJ BUOOpPY HOro reoMeTpUyHUX

PO3MIpiB y BUIIiH Mipi 3anexaTh mapaMmeTpu Bcboro JIA.

[Tin reomMeTpUYHUMH pPO3MIpaMU KpWJIa MA€ThCA Ha yBasl MOro mioma Sgp,
po3max Lp, MOJAOBKEHHS A, 3BY>KEHHS 1) BIAHOCHA TOBUIMHA O 1 KpUBU3HA MPOPLIIO
f. BrutuB Ha aepojuHaMidHI XapaKTEPUCTUKU Kpuia Hajxae BUOIp Woro mpodiro.
[Ipn upomMy HEOOXIJHO BpaxoBYBaTH: 3 OAHOrO OOKYy - mpusHadeHHs JIA 1
nepeadavyBaHui Aiana3oH MBHAKOCTEH HOTO MOJIbOTY, 3 1HIIOTO — BJIACTHUBOCTI

MIITHOCT1 KpHJjIa 1 TEXHOJOTTYHI MOYKJIMBOCTI.

3 TOUYKH 30pY aepoAMHAMIKY HaWOUIbII BUT1IHUM € IpOo(]isib, 1110 MA€ BUCOKE
3HaueHHS KoedirieHTa miaiomMuoi cuiu Cy Ha BEJTMKUX KyTaX aTaky KpUiia 1 BUCOKA
aepoanHamiyHa akicTe K Ha momipHux KyTax. Bucoke 3nauenusi Cy 103BOJIsIE MIPU
3aJlaHIid TUIONIl KpWJjla 3MEHIIMTH MIBUAKOCTI 3JIbOTY 1 MOCAJIKH JIITaKa, & BUCOKA

SKICTh 3a0€3Meuy€e MaKCUMaJIbHy HIBUAKICTh MOJBOTY.

Jis Toro w00 TOPIBHSHHS AaepoOJUHAMIYHUX XapaKTEPUCTUK OYJIo
CIpaBeJIUBUM, BCl Mojeni Oynu copmMoBaHi 3 OJHAKOBHMH TapaMeTpaMu, SKi
omucani B Tabn. 3.2.1. I'padiune 300pakeHHS TEOMETPUUYHHX MapamMeTpiB

PO3paxyHKOBUX Mojeneit 300paxkeHo Ha Puc.3.2.1. Ta B i3omeTtpii Puc.3.2.2.
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Taommog 3.2.1.

['eoMeTpuyHI XapaKTEepUCTUKHU PO3PAXYHKOBHX MOJeIen

[Tnomia kpuaa Skp 8,82
Xopnaa kpuia D 0,797
Po3max kpuna Lp 11,062
[{lenTp HaBaHTaXXEHHS MO OC1 X Xe 1,757
[lenTp HaBaHTaXKEHHS IO OC1 Y Ye 0,305
[{enTp HaBaHTaKEHHS TIO OC1 Z Zc 0
[Lroma Migenst Shid 0,62

B mporpami PANSYM BukoHaHO MOAENIOBaHHS OOTIKAHHS PO3PaXyHKOBHUX
MojieNiel 3 OJIHAKOBUMHU T€OMETPUYHHUMHU XapaKTEPUCTUKAMHM, ajie 3 BapiallisiMu
aepoJIuHaMigyHOTro npodiss, mo0 oOpaTu BapiaHT, KOTPUIN HaMKpalle 3aJ0BOJIbHSIE
OCHOBHI KpHUTepii, Taki SK: 3HAYCHHS aepoauHaMidHOi JockoHanocTi Kwmax,
koedimieHT miaiimManbHO1 Cii Cyamax, KPUTEPIM MaKCUMaIBHOT TaJIbHOCTI K/NCya

Ta CTIMKOCTI M,CY® CUCTEMH HOCIM-TUTaHED.

Po3paxyHkoBI yMOBHM JUIsi MaTeMaTHUYHOTO MOJICTIOBAHHS OOTIKaHHS
BiJIMTOBITaATUME PEKUMY JO3BYKOBOTO MOJIBOTY TPAHCIIOPTHOTO TIAHEPY

BuxiganuMu ymoBaMu 0 PO3paxyHKY €:

mBuIKicTh MoToky 0,071M (87 km/ron);

- Jllama3oH KyTiB aTaku -7°...5%;

- BHCOTAa MOJIbOTY, 32 YMOBAMH CTaHJIapTHOI atMochepu, — Om;
- Kytu BcraHoBieHHs [11'0 ta kpuia - 0%

- Yucno Peiinonbnca Re=1.354-10°;
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Puc. 3.2.1. Tpancnopmuuii nnanep. Teopemuuna cxema ¢hrozensioc+Kpuio
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Puc. 3.2.2. Tpancnopmuuii naianep. 306HiwiHitl ueisio

Jlxepenom ajist BUOOPY aepoAMHAMIYHOTO PO IO € aTiiac aepoAMHAMIYHUX
npodimiB. Jlas po3paxyHKOBUX Mojened Oymo oOpano Taki mpodini: C-18/14,

CLARK Y-17, GA(W)-1 C=17%, NACA4417.5, P-274-15, P-274-18, R-2-18.

Ha3By po3paxyHKOBOi MOJIe/Ii B 3aJIC)KHOCTI BiJl 0OpaHOTO aepoAMHAMIYHOTO

npodinto Ta rpadiune 300paxeHHs npoding HaBenaeno y Ta6:m1.3.2.2.
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Taomumsa 3.2.2

BianorigHocTi TpodiiB 10 pO3paxyHKOBUX MOJICIICH

Hasga AepovHaMIYHUN ['pacdiunuii BUrasg npodiato
PO3paxyHKOBOI npodisib Kpuia

MOJIENI
WFc1814 C-18/14 i
WHFclarky17 CLARK Y-17 Q
WFgaw117 GA(W)-1

C=17% ®

WFn4417 NACA4417.5
WFp27415 P-274-15
WFp27418 P-274-18
WFR218 R-2-18

[TopiBHSIHHA IHTErpaJbHUX A€POJIMHAMIYHUX XapaKTEPUCTUK PO3PAXYHKOBUX

MoOJIeJIeH, IO JOCIiKYBaJIUCh, HaBeneHo Ha puc 3.2.3 — 3.2.6
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Puc.3.2.3 3anescnocmi aepoounamiunoi dockonanrocmi 8i0 koeghiyichmy nioiimManbHoi

cunu K =f(Cya). l[lopisuanns pe3yibmamie MOOen08an s Pi3HUX PO3PAXYHKOBUX MOOeel.

ors = 0. M=0.071; Re = 1.354*10°.
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Puc. 3.2.4 3anesxcnocmi kpumepiio oanvrocmi 6i0 Koeghiyicnmy niditiManbHOI Cuiu

K/\/Cva: f(Cya). Ilopisusinns pesyiomamis MOOENOBAHHSL PI3HUX PO3PAXYHKOBUX MOOELEl.

ors = 0. M=0.071; Re = 1.354*10°.
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Puc. 3.2.5 3anescnocmi koegiyienmy nioivimanvroi cunu 6io 3uauenna kyma amaxu Cya

=f(a). [lopigHsnns pe3y1bmamie MOOeN08aHHs PI3HUX PO3PAXYHKOBUX MOOelel.

ors = 0. M=0.071; Re = 1.354*10°.
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Puc. 3.2.6 3anexcnocmi xoegiyienmy nioiimanvroi cunu 6io Ko
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onopy Cya =f(Cx). Ilopiguanus pe3ynibmamis MOOent08aHHs1 Pi3HUX PO3PAXYHKOBUX MOOEEl.

ors = 0. M=0.071; Re = 1.354*10°.
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I'eomeTpuunuit pospaxynok I1I'0O

Ak BiIOMO B MOJBOTI 3a KPWJIOM YTBOPIOETHCA 30HA 3arajbMOBAaHOIO 1
CKOIICHOTO TMOTOKY. A TaKk SK y JTaka HOPMAaJbHOI CXEMH TOpPU30HTaJbHE
OTEPEHHS 3HAaXOJMUTHCS 1033y Kpuja, TO MIBUIKICHUN Hamip 1 KyTH aTaku
OTIEpEHHsS] BHU3HAYAIOTHCS MapaMeTpaMH IOTO 3arajJbMOBAHOTO 1 CKOIIEHOTO
MOTOKY: KOE(QIIIEHTOM TalbMyBaHHS 1 KyTOM cCKoca MmOToKy. OTxe, Bim IHX
napaMeTpiB 3aJIeKaTh 1104l Ha ONEPEHHS aepOJMHAMIYHI CHIIH 1 XapaKTePUCTUKU
CTIAKOCTI1 1 KEPOBAHOCTI.

KoedimieHT raibMyBaHHS TTOTOKY 3a KpHWJIOM (BTpaTa Haropy) i HampsMOK
NOTOKY (KyT CKOca) B CIIyTHOM CTpyMeH1 3ajexaTh BiJ] BIACTaHl 3a KPUJIOM 1
BiJICTaH1 1O BUCOTI BiJ IJTOIIUHYA OOPTOBUH X0op v Kpuiia. KpiM Toro, xapakTep 1€l
3MIHU MapaMeTPiB MOTOKY B CITyTHON CTPyMeEHI 3aJIeKUTh BiJ GOpMU 1 mapamMeTpiB
KpHJIa, @ TAKOXK BiJ PEXKUMY MOJBOTY.

banancyBanHs, HE0OOX1/THA CTYIIHb CTIMKOCTI 1 IOCTAaTHS KEPOBAHICTH JIiTaKa
IIPY BCiX MOJKJIMBHX IIOJIOKCHHSX HOr0 IIEHTpa Baru TaKOX 3a0e3MedyroThCs
BIJIMTOBITHUM BHOOPOM MMapaMeTpiB TOPU30HTAIHLHOTO ONEpeHHs. YuM MoTryTHIiIe
OTIEPEHHS, TUM OUNIbIII MeX1 IeHTpyBaHHs nonyctumi. AJIE 361nb11eHHs onepeHHs
IPUPOIHO MPU3BOAUTH 10 30UTbIIEHHS MO0 Baru 1 onopy. ToMy npu KOMIIOHYBaHH1
JiTaka HeoOX1JHO MTParHyTH 3MEHIITYBaTH MOYJIMBUHN PO3TiH IICHTPOBOK 3 THM, 1100
MaTH MOXKJIMBICTh BUKOPUCTAHHS HEBEJIMKOTO TOPU30HTAIBLHOTO OIEPEHHS.

JJ1st IpOEKTOBAHOIO MIaHepa 0OpaHa KIaCU4Ha aepoJuHaMIYHa cxema, TOOTO
OanmaHcyBajbHAa CX€Ma 3 XBOCTOBUM TOPU3OHTAILHUM ONEpeHHsM. Taka cxema
HaWOIIBII TIOBHO BIAMOBIJA€E 3aJlaHMM BUMOraM — 3a0e3reuye CTIWKICTh Ta
KepoBaHICTh. [IpaBuibHICTE BUOOPY Takoi CXeMH MATBEPKY€E 3i0paHuUit
CTaTUCTUYHHI MaTepial.

['eomeTpuyHi po3Mipu TOPU3OHTAIILHOTO OTMIEPEHHS 1 HOTO po3TallyBaHHs
0JI0 KpuJjia BUOMPAIOTHCS 3 YMOBH 3a0e3IedueHHsT OamaHCyBaHHS Ha MOCAAMI 1

HEOOX1THUX XapaKTePUCTHK CTIMKOCTI JIA Ha BCIX MOXKJIUBHX PEKUMAX IOIBOTY.
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['opuzoHTanbHe omepeHHs 3abe3neuye MOJMOBXKHIO, a BEPTUKAJIbHE -
IIUISIXOBY 1, CIIJTBHO 3 KPUJIOM, MOTEPEUHY CTIHKICTD 1 KEPOBaHICTh JIA.

st 3a6e3neuenns kepoanocti JIA, [II'O ta BO po3miulytoTh Ha NMEBHIM

BiJicTaHl Bia 1eHTpa Tucky kpmia (~25% CAX). Jlana BifcTaHb HA3HBAETHCS

wiedeMm [1T'O (muB. Puc.3.2.7) Ta mneuem BO.

Puc.3.2.7 Cxemamuune 306pasicenns posnonosicenns 2opuzonmansvro2o ma

6EPMUKATIbBHO20 ONEPEHRHA

ne L., -Bimcranp Big 1eHTpa Baru JIA mo 25% cepenHpoi aepoauHaMIvHO1
xopau (CAX) ropu3zoHTaaIbHOMY OnepeHHs; Lq, - BiACTaHb Bij 1ieHTpa Baru JIA 1o
25% CAX BepTHKaJIbHOIO ONEPEHHS; Yro 1 Zro - CPOJMHAMIYHI CHJIH, IO JTIFOTh
BIJIMOBITHO HAa TOPU30HTAJIBLHE 1 BEPTHKAJIbHE OINEPEHHS; Ygo - BIICTaHb BiJ
MO3/IOBXKHBOI OC1 JIiTaka J0 TOYKH MPUKIAJAHHS PIBHOJIIOYOI OIYHMX CHJI Ha
BEPTUKAILHOMY OTEpPEHHI.

I1T°O ta BO 3a6e3neuyroTh ctadumizaiito JIA B mporieci mojiboTy, CTBOPIOIOUHN
aepoMHAMIYHI CHITH, SIKI KOMIIEHCYIOTh aepOANHAMIYHI MOMEHTH Ta 3a0€3MeUyIOTh
ctivikicte JIA. Sk mpaBwino B sikocti npodinto mnga [II'O ta BO obuparTh

CUMETpHUYHI npod i, BigHOCHOT ToBIIMHU 8-10%.
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Puc.3.2.8 Cxemamuune 306pasicents 05l 20pU30HMAIbHO20 ONEPEHHS.

Pospaxynok momy III'O ta BO, a Ttakox ix Bimcraneddr mo 25% CAX
MIPOBOJIUTHCS, SIK TTPABHUIIO, HA OCHOBI CTATUCTUYHUX JaHHX.

[Tonos:xenns Ta popmy I1I'O Ta BO 001paroTh 3 KOHCTPYKTUBHUX MIPKYBaHb
Ta Ha OCHOBI CTaTHCTHKH, BPAaXOBYIOUM OCOOJIMBOCTI a€pOJMHAMIYHOI CXEMHU,
HAsSIBHOCTI1 001yBY Ta 0COOJMBOCTEMN eKCILTyaTaIlii.

EdekTrBHICTS TOPU30HTAIILHOTO 1 BEPTHKAIBLHOTO OTICPECHHS BU3HAYAETHCS 1X
Koe(]iIieHTaMu CTATUIHUX MOMEHTIB Aro Ta Asgo

KoedilieHT cTaTUIHOTO MOMEHTY PO3PaxoBY€EThCs 3a (POPMyIIOLO:

Aro=L.y'S:,=0,5, (3.2.1)
oe L., S., — ionocne II'O ma naowa I'O 6ionogioHo

[Tnomry 'O po3paxoByemo 3a hopmyIioro:

Seo=80 Sy (3.2.2)

So=22x)2 (3.2.3)

Seo = 0,28,82 = 1, 764
L,=:2%25, (3.2.4)

ro

ne b.,=0,542
[Tneue II"O piBHe:
Lo =2,5:0,797 = 1,9925
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Toni posmax I1I'O nopiBHIOE:

_ 025,

=22 (3.2.5)
Izo = M:\?),ZS
0,542

Po3paxyHOK M0310BXHBOT CTIMKOCTI1

[licns po3paxyHKy reoMeTpuyHux napamerpiB 'O MH MOXE€MO BHKOHATH
MOJICJIFOBAaHHS ~ PO3PaxyHKOBHUX MOJENEH Ta OTPUMATH PE3YJbTAaTH, IO

XapaKTEPU3YIOTh MO30BXKHIO CTIMKICTh MIAHEPY.

Y mporpami PANSYM Oyno BUKOHAHO MOJENIOBAHHS OOTIKAHHS paHiIle
ONHMCaHUX PO3PaXyHKOBUX MOJIENICH, aje Temep 3 IMOBEPXHEI TOPU30HTAIBHOTO
onepeHHs, ais kyra araku 0..10° , yucno Maxa npu npbomy M=0,071, uancno
Peiinonsaca Re = 1,354-10° Ta rpadiuno 300paxkeHo pesyinbratu Ha puc.3.2.9 -
3.2.15. 3oBHIWHIA BUIISA po3paxyHKoBux mozenei 3 [II'O 300paxeno Ha puc.

3.29 1a 3.2.10.
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Puc. 3.2.9. Tpancnopmuuui nnanep. Teopemuuna cxema

@rozenadc+Kkpuno+2opuzoHmanbHe OnepHHs
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Puc. 3.2.10. Tpancnopmnuii nnanep. 3o6Hiwnii 6uensao

Jlns  BU3HAYEHHS TIO3/IOBXKHBOI CTIMKOCTI MH 3HAXOJUMO TOXIAHY

KoediIieHTa IMOB3J0BKXHBOI'0 MOMEHTY IO ITTHOMHIHN CriIl 32 popMyII00:

ma
m sz =—Z

Yz
- axmo M;® < 0 - mTak MOB3/I0BKHBO CTIMKHU;
- axmo MY = 0 - miTak HEUTpaNbHUH 32 OB3/I0BXKHBOIO CTIHKICTIO;
- axmo Mz > 0 - miTak MOB3I0BKHBEO HECTIMKUIT;
Jiis po3paxynkoBoi mojerni WFc1814 3 aepoauaamivaum npodisem C-18/14
MaEMO TaKy 3aJIeKHICTb aepoJAMHAMIYHOiI JockoHasnocTi K Ta koedimieHty
NOB3JIOBXXHBOTO MOMEHTY Mz BIJ KOe(IUI€EHTY MiAIAMANbHOI CUJH, SIKUN

300paxxeHo Ha puc.3.2.11
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Puc.3.2.11. 3anescnocmi aepoounamiunoi dockonanrocmi K ma xoeiyienmy

NOB3008XHCHLO20 MOMEHMY Mz 80 Koeghiyicnmy nidillManbHOI CUU Y PO3PAXYHKOBOI MoOeli

WFc1814. K, mz =f(Cya). M=0.071; Re = 1,354*10°.

- MakcumanbHe 3Ha4eHHS aeponHaMivHO1 JockoHanocti Kvax =29,4;

- baancyBanHs TpaHCIIOPTHOTO TJIaHEPA BiIOYBA€THCSA HA 3HAYCHHI
aepoJIMHaMigHO1 JockoHanocTi Ksan = 25,4;
- PiBeHb cTaTHYHOT CTIMKOCTI KOMIOHYBAaHHS TPAHCIIOPTHOTO IJIaHEPA

ckianae mzCy= -0.137, mo BiAMOBIja€ BUMOTaM HOPM JIbOTHOT IPUAATHOCTI;
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Hns pospaxynkoBoi moxaeni WFclarkyl7 3 aepogmnamiunum mpodinem

CLARK Y-17 maeMo Taky 3aJIeKHICTh aepoAuHaMiuHOi aockoHanocti K Ta

Koe(DILi€EHTY MOB30BXKHBOTO MOMEHTY Mz BiJl Koe(DilieHTy HiAiAMaIbHOI CHJIIH,

KU 300pakeHo Ha puc.3.2.12
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Puc.3.2.12. 3anescnocmi aepoounamiunoi dockonanocmi K ma xoeiyienmy

N0B83008H#CHLO20 MOMEHMY Mz 8i0 KoeghiyicHmy nioitiManbHOi CUNU Y PO3PAXYHKOSIl MOOei

WFclarkyl7. K, mz =f(Cya). M=0.1; Re = 1*10°.

Tak sik TOB30BKHIA MOMEHT M; y JaHii po3paxyHKoOBii mozem Mz < 0, To

npo¢pine CLARK Y-17 HaMm He migXoauTh uepe3 HEIOCTATHIO IOB3JI0BKHIO

CTIHKICTB.
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Jnst po3paxyHkoBoi Mozaem WFgawll7 3 aepoaumHaMiuHuM mpodiiem
GA(W)-1 C=17%, maemo TaKy 3alIe)KHICTh aepoauHaMidHOl JockoHamocTi K ta
Koe(DILi€EHTY MOB30BXKHBOTO MOMEHTY Mz BiJl Koe(DilieHTy HiAiAMaIbHOI CHJIIH,

KU 300pakeHo Ha puc.3.2.13
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Puc.3.2.13. 3anesxcrnocmi aepoounamiunoi dockonanocmi K ma xoeghiyienmy

HOB30084CHbO20 MOMEHmMY Mz 80 Koeghiyicnmy nidilManbHOI CUU Y PO3PAXYHKOBIU MOOeli

WFgaw117. K, mz =f(Cya). M=0.1; Re = 1*106,



Tak siK MOB3JOBXHII1 MOMEHT m; y IaHiil po3paxyHKoBiil Mmojeni mz < 0, To

npodins GA(W)-1 Ham He HmiaX0IUTh Yepe3 HEAOCTATHIO MOB30BKHIO CTIHKICTb.

Jnst pospaxynkoBoi moneni WFn4417 3 aepogumHamiyHuM mpodinem
NACA4417.5, mMaeMo Taky 3alIe)KHICTh acepoJuHaMidHOi JockoHanocti K Ta
Koe(]iIieHTy MOB3JI0BXHBLOTO MOMEHTY Mz BiJl KOe(DIIi€HTY MiAiAMaNbHOI CHIIH,

KU 300pakeHo Ha puc.3.2.14

36
34 L
1 N
32 \
— \.
30 5
] N [P~
28 — LS AN
| N
X 26 N
T N
24 - LN
- ‘\
29 -
- |
20 - s
- n
18 -

0,6 0,8 1,0 1,2 1,4 1,6 1,8

0|6 0,8 1,0 1,2 1,4 1,6 1.8

-0,2 4 “H.

-0,3 P

0,4 -

Puc3.2.14.. 3anescnocmi aepoounamiunoi dockonanrocmi K ma xoegiyienmy
N0B83008HCHLO20 MOMEHMY Mz 8i0 KoeghiyicHmy niditiManbHoi CUIU Y pO3PAXYHKOSIT MOOel

WFn4417. K, mz =f(Cya). M=0.1; Re = 1*106.
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Tak sik NOB30BXKHIA MOMEHT M y JaH1i po3paxyHKoOBii moaem mz < 0, To
npodias GA(W)-1 Ham He miaX0IUTh Yepe3 HEAOCTATHIO MTOB30BKHIO CTIMKICTb.
Jlns po3paxynkoBoi mojieni WFEp27415 3 aeponunamiunum ripodisiem P-274-
15, MaeMo Taky 3ajJeXHICTh aepoauHaMidHOI aockoHanocti K Ta koedimieHTy
MOB3/JIOBXXHROTO MOMEHTY mz BiJ Koe(DilieHTy MigidManbHOl CHIIHA, SKUN

300paxkeHo Ha puc.3.2.15
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Puc.3.2.15. 3anexncnocmi aepoounamiunoi dockonanrocmi K ma xoegiyienmy

N0B30084CHbO20 MOMEHmMY Mz 80 Koeqhiyicnmy nidilMaibHOI CUU Y PO3PAXYHKOBIU MOOei

WEp27415. K, mz =f(Cya). M=0.1; Re = 1*10°.



- MakcumanbHe 3Ha4eHHS aepouHaMivHO1 JockoHanocti Kvax =36,1;

- banancyBaHHs TpaHCIIOPTHOTO TUIaHEPA BIIOYBAETHCS HA 3HAYCHHI

aepouHaMigHO1 JockoHanocTi Ksan = 34,4;

- PiBeHb cTaTHYHOT CTIMKOCTI KOMIIOHYBAaHHSI TPAHCIIOPTHOTO TIJIaHEPA

ckiranae mzCy=-0.193, mo BiAmoBiga€ BUMOraM HOPM JbOTHOT IPUAATHOCTI;

Jns pozpaxynkoBoi moaeni WFp27418 3 aepoauramiunum npodinem P-274-
18, mMaemMoO Taky 3aJIeKHICTh aepoaMHAMIYHOI JockoHanocTi K Ta koedimieHTy
MOB3JIOBXXHBOTO MOMEHTY Mz BiJ Koe(ilieHTy MiAIAMaNbHOI CUJH, SIKUN

300paxkeHo Ha puc.3.2.16
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Puc.3.2.16. 3anexcnocmi aepoounamiunoi oockonanocmi K ma xoeghiyienmy

HOB3008X4CHbO20 MOMEHmMY Mz 80 Koeghiyienmy nidilManbHOI CUU Y PO3PAXYHKOBIU MOOeli

WFp27418. K, mz =f(Cya). M=0.1; Re = 1*10°.
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- MakcuMasbHe 3Ha4eHHs aepoAruHaMiuHo1 fockoHanocti Kmax =38,5;

- banancyBaHHs TpaHCIIOPTHOTO TUIaHEPA BIIOYBAETHCS HA 3HAYCHHI

aepomHaMigHO1 JockoHanocTi Ksan = 31,6;

- PiBeHb cTaTHYHOT CTIMKOCTI KOMIIOHYBAaHHSI TPAHCIIOPTHOTO TIJIaHEPA

ckianae mzCy= -0.205, mo BiAMOBIa€ BUMOraM HOPM JIbOTHOT IPUAATHOCTI;

Jnsa po3paxynkoBoi mogemi WFR218 3 aeponunamiuanm npodinem R-2-18,
MaEMO TaKy 3aJIeKHICTh aepoJAMHAMIYHOI JockoHasnocTi K Ta koedimieHTy
MOB3JIOBXXHBOTO MOMEHTY Mz BiJ Koe(ilieHTy MiAIAMaNbHOI CUJH, SIKUN

300paxeHo Ha puc.3.2.17
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Puc.3.2.17. 3anexcnocmi aepoounamiunoi oockonanocmi K ma xoeghiyienmy

HOB30084CHbO20 MOMEHmMY Mz 80 Koeghiyicnmy nidilManbHOI CUU Y PO3PAXYHKOBIU MOOeli

WFp27418. K, mz =f(Cya). M=0.1; Re = 1*106.
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- MakcuMasbHe 3Ha4eHHs aepoArnHaMiuHOi TockoHanocTi Kvax =37;

- balancyBaHHSI TPaHCIIOPTHOTIO IJIaHEPA B110YBa€ThCSA HA 3HAUEHHI
aepoauHamigHoi nockoHanocTi Ksan= 36,4,

- PiBeHb cTaTHYHOT CTIMKOCTI KOMIIOHYBAaHHSI TPAHCIIOPTHOTO TIJIaHEPA

ckianae mzCy= -0.202, mo BiANOBia€ BUMOraM HOPM JIbOTHOT IPUAATHOCTI;

TpancnopTHU# MJIaHEp, Bil €QHYETbCS BiJ OE3MIJIOTHOrO JiTaka-HOCISA Ta

BHKOHYE€ HJIaHYIO‘II/Iﬁ TIOJIIT B TOYKY OOCTAaBKH.

BupimanbHuM KpuTepieM € AUCTAHINS TJIaHYBaHHS, OCKUIBKM YUM OLIbII
BIJIAJIEHUM € TOYKa pO3’€IHAHHS HOCISI Ta TPAHCIIOPTHOTO IJIaHEPa, TUM MEHIla

HMOBIPHICTh YpaKCHHS BCI€T CUCTEMHU 3aC00aMU TTPOTUIIOBITPSIHOT 0OOPOHH.

JlucTtaHis IaHyBaHHS HAIpsIMY BU3HAYAETHCSA 3HAYCHHSIM aepOoauHAMIYHOL

JIOCKOHAJIOCTI TPAHCTIOPTHOTO TJIaHEPY B 30aJIaHCOBAHOMY CTaHi:

Kgy, = XoBal = LoL — ov0(0) (3.2.6)

Cxa BAL Hgp

ne:

LeL — mucTaHIlis MIaHyBaHHS M0 TIPSMIif;

HeL — BUCOTa MOYaTKy CTaIoro miaHnyBaHHS,

CyaBaL — Koe(illeHT MiIIMMaNTBHOT CHJIM TPAHCIOPTHOTO TIUIaHEpa B
30a1aHCOBaHOMY CTaHi,;

CxaBAL - Koe(dilieHT J000BOT0 OINOPY TPAHCIOPTHOTO IUIaHEpa B
30a1aHCOBAaHOMY CTaHi;

O — KyT HaXWJIy TPAEKTOPIi IIaHyBaHHS TPAHCIIOPTHOIO IJIaHEPa
[IBUAKICTH CTANOTO TUIAaHYBAHHS BUBHAYAETHCS SIK :
2¥mpgL*COS 6
Vgar = /— 3.2.7
BAL p*Cyabal*S ( )
Je:

MpoL — Bara TPaHCIIOPTHOTO TIJIaHEPY;
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Kr*c2

p=0.125 — TEXHIYHA TYCTHHA MOBITPS B CTaHAAPTHUX YMOBax Ha

m4
HYJIOBIM BUCOTI;

S — mroma xpuna

[Ipy BciX IHIMX PIBHUX MapaMeTpax TPAHCIOPTHOrO IUIaHepa - BUCOTI
NOJIbOTY, TeMmmeparypi NOBITps, (AKTUYHOI Bark Ta I1H. CaMe€ 3HAYEHHS

aepoAMHAMIYHOI TOCKOHAIOCTI € BUPIIIIAIIbHUM.

Cyagar ¥ CxapaL € KoedimieHTaMu migidMalIbHOI CHIIM Ta JJ0OOBOT'O OMOPY
TPAaHCIOPTHOTO IUIaHEpa B 30aJaHCOBAHOMY CTaHl, ajie OUIbII JEeTalbHO
PO3IIITHEMO CKJIaJ0B1 KoedimieHTy so6oBoro omopy mitaka Cyx,par. HexTyroum
BIJIUBOM CTHUCKAEMOCTI MOBITPS MPH MOJIBOTI HA MBHUAKOCTAX 13 M < 0.5 3HaueHHS

CxapaL 3TLAHO [S] MOUIIBHO PO3IIISIAATH SIK CYMY HACTYITHUX CKJIAJIOBUX:
CxaBaL = Cxao + Cxi + ACxapar + ACxapp (3.2.8)

Ac:

Cxao - KoedimieHT JT0OOBOTO OMOPY JITAIBHOTO amapary 3a BiJCYTHICTIO
M JIMMaIBEHOT CUIIH,

__ Cyakp’
Cx; = S

o (1 + 1) - xoedilieHT IHAYKTUBHOTO JITAJIBHOTO amapary 3a
TO*

HAsBHICTIO M1IMMaJIbHOI CHJIN;

ACxagar,- KOE(DILIEHT JOJATKOBOTO  OIMOpPY JITAJIBHOTO ~ amapary,

CIPUYUHEHHUH BIIXUJICHHSM PYJIHOBUX MIOBEPXOHb;

ACyx,pp - KO€QILIEHT WIKIAJIUBOrO OMOPY JiTaKa, CIPUYMHEHUN HASIBHICTIO

BUPOOHUYNX TE(PEKTIB.

JIist pi3HUX MIBUAKOCTEH TOPU30HTAIBHOTO MOJBOTY a cyma 3HaueHb Cyxgo,
ACx,paL U ACx,gp € NMPAKTUYHO CTAJOK KOHCTAHTOK Ta B MOPiBHAHHI 13 Cy; ii
3MIHM HEXTyBaHO Maii. Yepe3 1ie 3HaueHHS Koe(]illleHTy JI000BOTO OIOPY

TPaHCHIOPTHOTO KOHTEHHEPY Cxapal, MOXKE OYTH BHU3HAYEHO SIK :
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Cyakp>
CxaBaL = Acy, +Cxi = A, + % * (1+ 1) (3.2.9)
ne:

Cyaxp — KoedimmieHT mimiManbHOI CHIM Kpuja, 3rigHo [10] Onm3bkuii 3

CyapaL-
A = 12/S — BUIOBKEHHS KpUJIa TPAaHCIIOPTHOTO KOHTEHHEDY;
T — KoedilieHT GopMu Kpuiia B IJIAHI.

TaxuMm 4MHOM 3HaUEHHS aepoAMHAMIYHOI AJocKoHanocTi K, 1m0 Bu3Havae Bci
OCHOBHI JIbOTHO-TE€XHIYHI XapaKTEPUCTUKH JIiTaKa MPU BCIX PIBHUX 1HIIMX YMOBAX

BHU3HAYA€THCA 3HAYCHHAM BUIOBKCHHA KPHJIa A

C C C
o = = Sty o 6219
a ACX +T*(1+T) ACX +T*(1 +1)

3.3 ®opMyBaHHSI KOHCTPYKTHBHO-CHJIOBOI CXeMH KpuJa

[Ipu BHOOPI KOHCTPYKTUBHO-CHJIOBHX CXEM arperariB JiiTaka HEOOXiTHO

BPaxOBYBAaTH HACTYITHI YMOBH:

1) maca KOHCTpyKIii TuUlaHepa JiiTaka JJjIs 3aJlaHUX YMOB MOBUHHA OyTH
MEHIIIOI0, IO JIOCSTAEThCS PAIIOHATIBHOI Tepefadero CUJ 10  €JIeMEHTax

KOHCTPYKIIiT TPY HEOOX1HOT AKOPCTKOCTI;

2) KOHCTPYKIlISI TIOBUHHA OyTH TEXHOJOTTYHOIO, TOOTO Takui, 1mo0 s ii
BUTOTOBJIGHHA Morja OYyTH 3acTOCOBaHa HAWOUIBII MpOCTa 1 palioHadbHa

TEXHOJIOT'1S;

3) KOHCTpyKIisi TOBMHHA 3abe3medyBaTH HAWOLIbINI 3PYyYHOCTI B
eKCIUTyaTalli JiiTaka 3aBASKd  pAIliOHAIBHOMY  PO3MIIIEHHIO  JIFOKIB 1
eKCIUTyaTallliHuX po3'eMIB arperariB, s MIIXOAY JO0 CHJIOBIM YCTaHOBII,

oOJragHaHHA 1 T. 1.
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[Tpu posrsi 3araabHOI CHIIOBOT pOOOTH KpHiia OCOOIMBE 3HAYCHHSI Ma€ HOTo
poboTta Ha BUrHMH. 3ruHaNbHI Aedopmarlii BiAcOoTKiB Ha 50-70 BU3HA4YalOTh Macy
KOHCTpYKILii Kpuia. [IpakTuka aBiaOylyBaHHsS BUpOOMIIA BEJIUKY PI3HOMAHITHICTh
KOHCTPYKTHUBHUX BapiaHTIB KpWJja 1 BapiaHTIB CIIPUHHATTS 3THHAIIBHOTO MOMEHTY.
Bei ix MoxHa kinacugikyBaTH 3a KUIbKOMa KOHCTPYKTHBHO-CHJIOBUMH CXEMaMH,
KOXHA 3 SIKMX BIJPI3HAETHCS NMPUHLUUIIOM pOOOTH HA BUTMH. 3a3BUYail BUAUIAIOTH

TPH OCHOBHI CHJIOBI CXEMH - JIOH)KCPOHHY, KECOHHY 1 MOHOOIOUHY (1mB.puc.3.3.1).

NOHXEPOHHbIE KECCOHHbIE j MOHOBIOYHbIE

> 0 4

“ C deyma npodonsHbimu
cmexxamu

C mpemn u 6onee C mpewmn u Sonee C mpema u Sonee

Puc.3.3.1 Cxema xnacugirxayii KCC kpuna

Ha cxemi yuppamu nosnaveno: 1 - noudgxcepon, 2 - cminka, 3 - cmpineep, 4 - obwuska.

JIo JIOH)XEPOHHUX BIJTHOCSTHCS KpWJIa, y SKUX 3TUHAIOYMA MOMEHT
cupuilMaeThCsl JIOHXKepoHaMu. Kpuio XapakTepusyeTbcs TOHKOK OOIIMBKOIO,
HEBEITMKOI0 KITBKICTIO Ca0KUX CTPUHTEPIB, TOTYKHUMHU JIOHKEPOHAMH 3

PO3BUHCHUMMU I1O0sICaMU.

JlowxepoH Kpujia MOXYTh OyTH OJHO-, JBO- 1 0araTOJIOH>KEPOHHUMH.

BcTaHoBII0IOTECS B MiCIIl MAaKCUMaJIbHOT BUCOTH MPODIITIO.

VY 0JIHONIOHKEPOHHOMY KPHJI1 JIOH)KEPOH PO3TAIOBY€ETHCS Ha BiAcTaHi 25% -

30% xopau.
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OnHOMOHXEpOHHA cXeMa JOLIIbHA JJI 3aCTOCYBaHHS B JIETKHUX JIITaKax 3 MPsIMUM
KPHUJIOM 1 BEJIUKOIO BITHOCHOIO TOBIIMHOIO TTpodiito (O1bIe 8%).

OnHONMOHXKEpOHHA CXeMa Ma€ Kpalll BaroBl XapakTepucTuku. llpu HeBenukux
HaBaHTA)XEHHSAX Ha KPWJIO, OJHOJOHXEPOHHA CXeMa 3HA4yHO Jeruie B MOPIBHAHHI 3
IHITUMU CXeMaMHu.

Buxoasun 3 yMOB HalilMEHIIOI Bark KOHCTPYKLIi Ta ii TEXHOJOTIYHOCTI, B SKOCTI
KCC xpuiia st 1aHoro TpaHCIOPTHOTO IU1aHepy OyJio 00paHO OAHOIOHKEPOHHY CXEMY
3 KOpOOUYaCTUM JIOHKEPOHOM Ta JIBOMa J0JIATKOBUMH CTiHKaMu. [losicu noHkepoHy Ta
JI0JIaTKOB1 CTIHKM BUTOTOBJIEHO 3 0aMOYKOBOI pEeiKH, 8 HEPBIOPH Ta CTIHKA JOHKEPOHY
BUTOTOBJIEHI 3 Oanb3u. XBOCTOBAa YaCTMHA KpHJIa BUTOTOBIISIETbCA 3 MIHOIUIACTY, a
obmmBka 3po6iieHa 3 repmorutisku. Mojens KCC kpuia 6yino nooynoBano 8 KOMITAC-

3D-V18.1, ii mokazano Ha Puc.3.3.2. BuroroBieny KoHCoJb 300pakeHo Ha puc. 3.3.3.

Puc.3.3.2. KCC xoHco kpuia

69



Puc.3.3.2. Bueomoesnena koHconv Kpuna

BucHoBok no po3ainy:

3nilicCHEHO aepOJUHAMIYHI PO3PAaXyHKH Ta TOOYI0BAHO 3aJICKHOCTI:

- 3aJIKHOCTI  aepOJUHAMIYHOI JOCKOHAJOCTI BiX Koe(dilieHTy
nigiiimanbroi cuin K =f(Cya);

- 3aneXHOCTI KPUTEPII0 AATbHOCTI BiA Koe]imieHTy mimiiManbHOI
i K/A\Cva= f(Cya);

- 3anexHOCTI KOEPIIIEHTY MiIIHMaNbHOI CHJIM BiJi 3HAYEHHS KyTa
ataku Cya =f(a);

- 3anexHOCTI Koe(ilieHTy MiAIMManbHOI CHIM Bix Koe(dilieHTy
1060B0ro onopy Cya =f(Cx);

- 3anexxHoCTl aepoauHaMiuHOi JockoHanmocTi K Ta koedimieHTy
MOB3/IOBKHROTO MOMEHTY Mz Bi/l KOSPIIIEHTY MiIMMaTIbHOT CUITH

3 pe3ynbTaTiB MOJCNIIOBaHHS Oyyno oOpaHo wmoxaenb WEFp27418 3
aepoguHaMivHUM mipodinem P-274-18, tak sk BOHa HAWOULIBIIE 3a70BOJBHSE

[MOCTaBJIEHI BUMOTH.
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4 PO3POBKA CTAPTAII-ITPOEKTY

4. Po3pobOka crapTan-npoeKTy

BnpoBamkeHHs crapran-nmpoeKkTy Ha pUHOK Niepeidavae MmociiIoBHE Ta YiTKe
BHU3HAUYECHHS PUHKOBHUX MEPCIEKTUB MPOEKTY, rpadiKy Ta MPUHLMUIIIB OpraHizarii
BUPOOHMIITBA, (DIHAHCOBOTO aHAJI3y Ta aHAJI3y PU3UKIB Ta 3aXO0JIB 3 MPOCYBAHHS
IPOIO3HUIIIT /171l IHBECTOPIB.

Crapran-npoekT po3po0JIeHO 3TiJHO 3 PEKOMEHAAIlIMH HaBEACHUX Y

METOJIMYHHUX BKaziBkax [13].

4.1 Onuc 171ei mpoeKTy

3MICT 171€1, 0 MPONOHYETHCS, MOKIIMBI HAIPSMKHU 3aCTOCYBaHHS Ta OCHOBHI
BUTOJIH, IO MOXE OTPUMATH KOPUCTYBad TOBApy HajaHi y BUTIIAAI Tabmwmmi 5.1 1
JAI0Th IUTICHE YSIBJIGHHS PO 3MICT 171ei Ta MOXJIMBI 0a30B1 MOTEHIIIMHI PUHKH, B

MEXax SIKUX MOTPIOHO IIyKaTH IPYMU NOTEHIIHHUX KIIE€HTIB.
Tabmuus 4.1.1

Onuc 1a€ei crapTan-nmpoexTy

JIOIIOMOI'OK0  O€3IIOTHOT
CUCTEMH

HOCIH+KOHTEWHEP

JIoKalii 3 MiIBUNIEHUM
PHU3UKOM JUTSE
BUKOPHUCTAHHS

[MJIOTOBAHO] aBiarii.

3micm ioei Hanpsivxu Bueoou ona
3aCcmMocy8aHHs Kopucmyeaua
[IpoektyBanHs Ta Excrtpene [TigBumenas
BUPOOHUIITBO CUCTEMH MOCTa4YaHHS KOPUCHOTO e()eKTUBHOCTI
JIOCTAaBKA  BaHTaXy 3a HaBaHTaXCHHS B JIOCTABKH BaHTaXy
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4.2 TexHOJOrYHUH ayIUT IPOEKTY

Opranizaifiss  aaHOi  1HKEHEPHO-BUPOOHMUYOI KOMIIaHII HE TMOTpedye
BUHANACHHS MPUHIIUIIOBO HOBUX TEXHOJIOT1H, OCKUIBKH ii AISTIbHICTh IPYHTYEThCS
HAa BHUKOPUCTAHHI TPOCTUX Ta JOCTyNHUX TEXHOJOTIA Ta MarepiaigiB s
BUPOOHUIITBA aBialliifHOI TexHikK. DaxiBIFIMH KOMaHAM 3alPOIIOHOBAHOTO
cTapTamy JOCHIIKEeH1, po3po0JIeHI Ta OCBOEHI YHIKalbHI TEXHOJIOTIi CKJICUKH,
BUTOTOBJICHHS Ta CKJIQJaHHS arperaTriB TPaHCIOPTHOTO IUIAHEPY Ha OCHOBI
€KOJIOTIYHMX BIATBOPIOBAHUX MaTepiadiB — BOJOKOH 0OaMOyky. Po3po0Giena
TEXHOJIOT1Sl € YHIKaJIbHOK TOMY ii BIATBOPEHHS I MOXJIMBUX KOHKYPEHTIB

IMPAKTUYHO HCMOJKIIUBO.

4.3 AHani3 puHKOBHX MOXKJIMBOCTEH 3aITyCKy CTapTal-MpOEKTy

PuHKOBI MOXIHMBOCTI Ta PHUHKOBI 3arpo3d, IOB’S3aHl 13 peatizaliero
3alPOTIOHOBAHOTO CTAPTAN-NPOEKTY MalTh OyTH BH3HAYCHI IS IOJAIBIIOTO
IUTAaHYBAHHIO HAMPSAMKIB MPOEKTY 13 YpaxyBaHHSIM peajbHUX PUHKOBUX OOCTaBUH,
oTpeO MOKJIMBUX 3aMOBHHKIB Ta KOHKYPEHTHUX IPOTIO3UIIIH.

Tabmns 4.3.1

XapakTepucTUKa MOTEHIIHHUX KITIEHTIB CTAPTAM-TIPOEKTY

IinboBa BigMiHHOCTI y TOBEIHII PI3HUX Bumornu
[ToTpeba, 110 ) ) ) ) . .
Ne i/ aynuropis (IUTbOBI MOTEHIIIMHUX IUIOBUX TPy | CIIOKUBAYIB JI0
(dopMy€e pUHOK o
CETMEHTHU PHUHKY) KJIICHTIB MOCITyTH
1 HeoOxinHicTh 3CY, MHC TpancnopTaOenbHICTB, MomnTax
TEPMIHOBOTO e(eKTHUBHICTh 3aCTOCYBaHH, CIIEIIAJIBHOTO
IMOCTAYaHHS BHCOKa HMOBIPHICTh BUKOHAHHS | OOJIaTHAHHS
KOPHCHOTO
HABaHTAXKEHHS

@iHaNbHUM €TarlOoM PUHKOBOIO aHali3y MOKJIMBOCTEH BIPOBAKEHHS

npoekty € ckinaganas SWOT-ananizy (matpuii anamizy cuinbHux (Strength) ta

cnabkux (Weak) cropin, 3arpo3 (Troubles) ta moxnuBocteit (Opportunities),

MOB'SI3aHUX 3 UOT0 3M1MCHEHHSIM.
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AHami3 MOXJIMBOCTEH PHHKY Ta PHUHKOBHX 3arpo3 0a3yeTbcs Ha aHami3i
daktopiB 3arpo3 Ta (aKTOPIiB MOKIUBOCTEH MAapKETUHTOBOIO CEPEIOBHUIIA.
PHHKOB1 MOJIMBOCTI Ta 3arpo3u € HacliJIKaMu (MPOTHO30BAHUMH pEe3yJIbTaTaMu)
BILTUBY (DaKTOPIB, 1, HA BIIMIHY BiJl HUX, II[E HE € peai30BaHUMHU Ha pUHKY Ta MalOTh
NEBHY WMOBIpHICTh  3AilicHeHHs. Hanpukmnaa: TMOCWIEHHS — JIepKaBHOTO
perymoBanHs nojboTiB BITJIA — paktop 3arpo3u, Ha OCHOBI IKOTO MOKHA 3pPOOUTH
IPOTHO3 Mmoo criaay nmonuty Ha BITJIA, oco6nuBo B HYMKHIN IIHOBIH KaTeropii, 11e
npu3Beie A0 MOCUICHHS 3HAYYIIOCTI PyHKIIOHANBHUX MoxiuBocterd BIIJIA npu
Horo mpojaxi, Mmo0 MaKCUMaJIbHO PO3LIMPHUTH KOJO MOXIJIMBHUX KIIEHTIB Ta
30epertu BupoOHuTBO BIIJIA Ha pentrabensnomy piBHi. SWOT - anani3 crapran-

MIPOEKTY MpeAcTaBiaeHui B Tabauii 4.3.2

Taomung 4.3.2

SWOT- anani3 crapTan-mpoeKTy

CunpH1 CTOpPOHU: Cnabki cTOpOoHHU:
BucokoedextuBHuMil 6€3MiI0THHIA aTMocdepHi YMOB MOJILOTY,
KOMILIEKC MOJKITUBA HAsIBHICTh 1HIIHUX

(bakTopiB pU3UKY

MosknuBocTi: [IpoexkTyBanHs 3arpo3u: BuHuKHEeHHs
BHCOKOE(PEKTUBHOI O€3MIOTHOT CUJIBHOT KOHKYPEHIIi1, TOCHJICHHS
TPAHCIIOPTHOI CUCTEMH JIEP’KABHOTO PEryJIrOBaHHS
THAMBIAyaTBHO JJIS KITIE€HTA. IIOJILOTIB

4.4. Po3poOneHHsI pUHKOBOT CTpaTerii MPOEKTY

PunkoBa ctpareris B nepiny yepry nepeadadyae BUSHAUECHHS LIJIbOBUX TPy
MOTEHIIITHUX CIIOKUBAYIB.

CnoxuBayaMu MPOEKTYy OOpaHO opraHizailii, 110 BHUKOPUCTOBYIOTH, a00
MOXYTh BHUKOPUCTOBYBaTH y cBOill poOoTi BIIJIA nnst ekcTpeHoi nocTaBKu
BaHTaxiB. Tak SK TMPOEKT 30CEPEKYEThCS Ha JCKIIBKOX CErMEHTax, 0OpaHo
cTpaterito audepeHIiioBaHoro MapkeTunry. J[ins poOoTH B 0OpaHMX CEerMeHTax

PHHKY HEoOXiqHO chopmyBaTH 6a30By crpaTerito po3Butky ( Tabmuis 4.4.1).
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Tabnuusa 4.4.1

bazoBa cTparerisi po3BUTKY

OO0pana anpTepHaATHBA

PO3BUTKY IIPOEKTY

Crpareris croerianizamnii (nependauae
KOHIICHTpAI[i}0 Ha TOTpedax OJHOTO IIJTLOBOTO CETMEHTY,
0e3 mparHeHHs OXOIMUTH YBECh PUHOK. MeTa mojsirae B
32JI0BOJICHHI TIOTpe® BUOPAHOTO IILOBOTO CETMEHTY
Kpaiie, HDK KOHKypeHTH. Taka cTpaTeriss MOxe
CIIUPAETHCS HA JIAEPCTBO MO BUTPATAX Y PAMKAaX CETMEHTY
nerkux BITJIA mitakoBoro tumy. IIpoTe HU3bKa pHUHKOBA
70711 y pasi HeBAAJIOl peaizallii cTparerii MoXe 1CTOTHO

M11pBaTH KOHKYPEHTOCTIPOMO>KHICTh KOMIaHii.)

Crpaterist OXOIUIEHHS

Crparteriss MOBHOTO OXOIUIEHHS PUHKY (KOMIIaHIA

nparHe 3aJ0BOJILHUTU MOTPeOM pPHUHKY B Iijomy. Lld

Mo3uIii BIAIOBIIHO 10

o0OpaHoi aJibTepHATUBU

PUHKY cTpaTeris Moke OyTH peaizoBaHa IUIIXOM BUTOTOBJIEHHS
yHi(ikoBaHoi cucremu BITJIA).
Kirouosi .
' [TokpaiileHHs Ta 3/1e1IEBICHHS] KOHCTPYKIIIT 3a
KOHKYPEHTOCTIPOMOXKHI

PaxyHOK MacOBOCTI, IiJIBUIIICHHS KMOBIPHOCT1 JJOCTaBKH

BAHTAXXY B 30HU 13 BUCOKUMU (haKTOpAMU PU3UKY.

ba3oBa

CTpaTerisi pO3BUTKY

Ctpareris KOHIIEHTPOBAHOTO 3pOCTaHHS (CTpaTeris,
sKa TOB'sI3aHa 31 3MIHOIO MPOIYKTY 1 (a060) puHKY. VY pasi
IO0TpuUMaHHs crpaterii komnanis nosmimmrye BITJIA ab6o
MOYMHAE BUPOOJISITU HOBUM, HE 3MIHIOIOYHM MNPHU I[HOMY
roro mpusHayeHHs. 1o cTocyeTscs puHKY, TO KOMIaHIs
IIYKa€ MOKJIMBOCTI TOJIIIIEHHS CBOTO CTAHOBHUINA HA
icHyrouoMmy puHKY (YKpaiHChKOMY) a00 X Tepexoay Ha

HOBUM PHUHOK).

HactynHuMm kpokom € BUOip cTpaTerii KOHKypeHTHOI noBeAIHKH (Tadmuis

4.4.2).
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Taomuns 4.4.2

Bubip crparerii KOHKYpEeHTHOI MTOBEIIHKU

Yu Oyie kommaHist ‘
Uwu Oynne kommnaHist '
Uu € poexT IIyKaTH HOBUX . ' Crpareris
KOIIIFOBAaTH OCHOBHI

«TIEPUIONPOX1ALIEM» CIIOKMBayiB, abo KOHKYPEHTHOI

_ XapaKTEePUCTHKHU TOBapy
Ha pUHKY? 3a0MpaTH ICHYIOUHUX Y o HOBEJIHKU
) KOHKYPEHTa, 1 sIK1?
KOHKYPEHTIB?

Crpareris
Hi Tax Hi

HACJIyBaHHS JiACpY

Crpareris jijepcTBa Mo BUTpaTax Inepeadadae, MO0 KOMITaHIS 32 PaxXyHOK
YUHHUKIB BHYTPIIIHBOTO 1/a00 30BHIIIHBOTO CEPEIOBUINA MOXKE 3a0€3MeUnuTH
OUIBIIY, HI’K Yy KOHKYPEHTIB Map>Ky Mik COO1BapTICTIO TOBapY 1 CEpeHLOPUHKOBOIO
1[iHOIO (200 * IIHOI TOJOBHOTO KOHKYpEHTa). 30Kpema, Il CTpaTerisi MpUITyCKae,
IO 32 PaXyHOK BEJIMKUX MOXJIMBOCTEH Mo 00’emax 30yTy ToBapiB (mopTdens
YKIAJCHUX KOHTPAKTIB HAa MOCTAayaHHS) 1 MPOAYKTHUBHOCTI MIJIPHEMCTBO MOXKE
nobutrcs MeHIux BuTpart. Lls crpareris 3a3Buyail TICHO MOB’A3aHa 3 MOKIIUBICTIO
NoCsITHeHHs epexTy MacTaly 1 1ocBiay. KoMmanii, 1110 BUOMpParoTh 10 CTPATETIIO,
IPOBOJSTH PETEIbHUN KOHTPOJIb 32 MOCTIHHUMH BUTPAaTaMH, 3HUKYIOTh BUPOOHMYI,
30yTOBI 1 peKJlaMHI BUTpaTH, MPOBOJAATH 1HBECTHIII, CIIPSIMOBaHI HA 3MEHIIEHHS

BUTpAT, pETEIbHE ONpPaIIOBaHHS KOHCTPYKIIi HOBUX TOBApIB.

[lepeBaru ctparerii 3a XK.-)K. JlamOeHnom :

- ¢dipma 3maTHA TPOTUCTOSATH CBOIM MPSIMHUM KOHKYpPEHTaM HaBiTh Y
pa3i IiHOBOi BIHM 1 B 3MO31 OTPUMYBAaTH MNPUOYTOK MpHU IliHI, MIHIMAJIHHO
JOIYCTUMIN JIJ1s1 KOHKYPEHTIB;

- CWJIBbHI KJTIEHTH HE MOXKYTh JOOUTHUCS 3HIKCHHS I[IHU HUXKYE PIBHS,
OPUHUHATHOTO /1711 HAHOUIBII CUIIBHOTO KOHKYPEHTA;

- HU3bKI ~ BUTPATH  3a0€3MEUylOTh 3aXHUCT MPOTH  CHIIBHUX
MOCTaYaJIbHUKIB, OCKUIBKH JAal0Th (ipMi BEJIMKY THYYKICTh y pa3i MiABUIICHHS

BXiILHI/IX BUTPAT,
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- HU3bKI BUTPATU CTBOPIOKOTH Oap’€p BXOAY JJI1 HOBUX KOHKYPEHTIB 1
OJIHOYACHO XOPOIIHA 3aXUCT MPOTH TOBAPIB-3aMIHHUKIB.

B X011 KOHKYpeHTHO1 O0pOTHOU 3 BUKOPUCTAHHSM III€T CTpaTerii 3

PUHKY BUMYIICHI Oy1yTh mTH HipMu, MeHII €()EeKTUBHI 3 TOUYKH 30PYy BETUYHHH 1

CTPYKTYpH BHUTpaT, HE3HI0OHI 10 TPOBEJACHHS TEXHOJOTIYHMX HOBAIllH,

CIIPAMOBAHUX Ha 3HUIKCHHSA BUTPAT.

4.5 Po3po0Oka MapKETUHTOBOI MPOTrpaMu CTapTaI-MPOEKTY
[lepmium kKpokoMm € (hopMyBaHHS MApKETHHTOBOI KOHIICTIIIi TOBapy, SIKUH
oTpuMmae cnoxuBad. Jlug mporo y tabmumi 4.5.1 miacymyeMo pesyibTaTh
NONEePETHHOTO aHaATI3y KOHKYPEHTOCIIPOMOKHOCTI TOBapy.
Tabmuns 4.5.1

BusnaueHHs KIIIOUOBUX MEepeBar KOHIIEMIIIT MOTEHIIMHOTO TOBapy

KirouoBi nepeBaru nepea
Buropa, sxy ) ] )
ITorpeba KOHKypeHTaMu (icHyroui abo Taki,
MPOTIOHY€ TOBAp .
IO MOTPiIOHO CTBOPUTH

TpancnopTHuii ianep| MeHIma 1iHa B IOPIBHSAHHI 3 | YHIBEPCAIBHICTh 3aCTOCYBaHHS,

KOHKYpEHTaMu MOJTyJIBHICTh KOHCTPYKIIi{

OcCTaHHBOIO CKJIa/JI0BOi MAPKETUHIOBOI MPOrPaMHU € pO3pOOJIEHHS KOHUEMII]
MapKETHHIOBUX KOMYHIKallil, III0 CIIUPAEThCS Ha MONEPETHBO 00paHy OCHOBY AJIs
MO3UIIOHYBaHHS, BU3HAUYEHY clelU(DiKy MOBEIIHKU KIIEHTIB.

Peknama 1 mpocyBaHHS TOCIYr, IO HAJAIOTBCA B paMKax MPOEKTY,
BKJIIOYAIOTh B cele:

- IPSIMUI MapKETHHT;

- 0COOHCTHIA TPOTAK;

- aJIpeCHA PO3CHIIKA MTPOMO3UIIIi MOTCHIIIHHUM KITIEHTaM;

- CTBOPEHHS B1JI€0 MpE3eHTAllli;

- 00 J3BIH NOTEHIIMHUX KJII€HTIB;

- BUCTaBKH Ta 1HIII1 3aXO/H JIJIsl IPOCYBAHHS MPOIYKTY.
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OCHOBHMII aKIIEHT B TPOBEJCHHI pEKJIaMHOI KaMIaHii CTaBUThCA Ha
oe3nocepeIHbOMY 1HOOPMYBaHHI MOTCHIIIMHUX KIIIEHTIB, 3 IEPIOJAMYHOIO YUACTIO Y
PI3HOMAaHITHMX BHUCTaBKaXx, aBIalllOy Ta 3 BUKOPUCTAHHSAM KOHTEKCTHOI PEKJIAMH B

IHTEpHETI.

BucHOBKY 110 po3aiy:

3apxau Oyna BaxJiMBa 3a7adya BHUPINICHHS TPOOJIEMH TPaHCIOPTYBaHHS
BaHTAXIB THUM YU IHIIMM CIOCOOOM. Y Hall 4Yac ICHYIOTh pi3HI CrHocoOu
TpaHCTIOPTyBaHHS BaHTaxiB. OHAK, € 30HU 3 «BAXKUM» JOCTYIIOM, TaKi SK: 30HA
00MOBUX J11i; 30Ha TEXHOT'CHHUX KaTacTpod; 30Ha CTUXIMHOTO JINXa; 30HA eIliIeMii
Ta iH. . B Takomy Bunajgxy HaOyBarOCh aKTYaJIbHICTh O€3M1JIOTHI JIITalbHI anapaTu
(BIUTIA). ITnanepu MOXyTh 3HAYHO TiepeBepIryBatu Oyab-siki BIIJIA, mpu3naueni
JUISL JIOTICTUKM BaHTaXIB, OCKUIbKM (PaKkTU4YHA JajJbHICTh JOCTABKH BaHTAXY
CKJIaJIa€ThCs 3 JATBHOCTI MOJIBOTY JIITAaKa-HOCIS TUTIOC JaBHICTD MOJILOTY IIaHEpa.

Ha ocHoBi anamizy Oyno pilieHHs, 0 BIANOBIJAIOTH KPHUTEPISIM
onTUMalbHOCTI. JIj1s 3a0€e31eueHH s TEXHOJIOTTYHOCTI Ta JEIIeBU3HU KOHCTPYKIIIT B
SKOCTI MaTepiamiB JJIsi CHJIOBUX KOHCTPYKIIIA 0OpaHO JAEPEeBHUHY, a caMe 0alb3y,
0amOyk, (anepy. [l BUTOTOBIIEHHS OOIIMBOK KpWJia 1 OMEPEHHS BUKOPUCTAHO
MIHOIJIACT 1 TEepMOIUTiBKY. JlaHuii BUOIp OOIpYHTOBaHUN MNPOCTOTOIO OOPOOKHU
MaTepiaiB Ta BUCOKUMH MEXAHIYHHMH SIKOCTSAMU. 30WUpaHHS arperaTtiB Ta
TPAHCIIOPTHOTO TUIAHEPY, B IIJIOMY, IPOBOAUTHCS 3a JIOMOMOTOI0 KJICIO Ha OCHOBI
MOJIiypeTaHy MPU3HAYEHOTO /IS CKJICIOBAHHS CUJIOBUX KOHCTPYKITIH.

3amy4MBIIM JOCTATHIO KUIBKICTh KBaji(hikoBaHUX, 00 HE Ay»Ke, pOOITHUKIB
Ta 3a0E3MEUMBIIN X HEOOXIJHUM IHCTPYMEHTOM MOXKHA JOCSTTH TOCTABJICHHX
IiJIell TI0 MIBHAKOMY BHWTOTOBJICHHIO 3HAYHOI KUIBKOCTI TPOCTUX, JCIIEBHX Ta
yHIBEpCAIbHUX TPAHCIIOPTHHUX ILJIAHEPIB, IO 3MOXKYTh 33J0BOJBHUTH MOTpeOU

HaNOJIbIII BUMOIJIMBUX CIIOKHWBAYIB.

1. B nucepraiii gociipKeHO MOXKIJIMBICTh PUHKOBOT KOMepIiiai3alii

npoekTy. € 3HaUHUN MONUT Ha CTPIMKO 3POCTAI0UOMY PUHKY.
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2. Po3po6nennii 3acid MOCTaBKM BAaHTaXiB 3a JOMOMOIOI0 CHCTEMH
HOCIW-KOHTEMHep, mo Bix eanyetbes Big bBIIJIA € nepcnektuBHUM s
BIIPOBA/PKEHHSI Y BUPOOHULITBO OCKIIBKM BIH JEHIEBUIMH Ta €KOJIOTITYHHUNA Ha
BiJIMIHY BiJl aHAJIOT1B Ta KOHKYPEHTIB, 110, IPEICTABIICHHI Ha PUHKY.

3. BusnayeHo 3aranbHi HampsiMd BUKOPHMCTAHHS Ta IMPOAHANI30BaHO

PUHKOBI MOXJIMBOCTI IIOJI0 peai3ailii 013HeC-MPOEKTY.
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B CHOBKHA

Mertoro MaricTepchKoi aucepraliii 0yj0 CTBOPEHHS! TPAHCIIOPTHOTO TUIaHEpa.
B xoxi po6oTtu Oyiio mpoBeeHO MOITYK Ta aHalli3 aHAJIOT1B, BUOIP aepOAMHAMIYHOT
CXEMHU Ta KOMIIOHOBOYHOI cxeMH Kpuia. [IpoBeaeHo aHami3 BIUIMBY O€3MUJIOTHOTO
JiTaka-HOCII HAa  aepoJUMHAMIYHI Ta  JIbOTHO-TEXHIYHI  XapaKTEepPUCTUKU
TPaHCIIOPTHOTO MIaHepa. Ha ocHOBI aHasi3y BUKOHAHA OMTUMI3aIlisl KOMIIOHYBaHHS
0€3M1JI0THOrO TPAHCIOPTHOTO IJIaHEPa 3 TOYKHU 30py peaiizalii MaKCUMalabHOTO
3HaueHHA Kmax B 3aaHuX rabapurax 13 3aCTOCYBaHHSAM IPOCTUX TEXHOJIOTTYHHX

pimens. [ToOynoBano KCC koHcomi kpunia.
B pe3ynbTaTi mpoBeAeHOTO aHali3y Ta po3paxyHKiB BU3HAYEHO:

- B sxocTi aepoguHamMigyHOT cXeMu 00paHO KJIACUYHY CXEMY;

- PospaxoBano  rmIomil  aepogMHAMIYHUX ~ [OBEPXOHb,  IPOBEICHO
OamaHCyBaHHS TPAHCIIOPTHOTO TIJIAHEPA;

3MiiiCHEHO aepoIMHAMIYHI PO3PaxXyHKH Ta TOOY0BaHO 3aJICKHOCTI:

- aepoJMHAMIYHOI JIOCKOHAJIOCTI BiJ KoediiieHTy miaiimansHoi cumu K
=f(Cya);

- KpUTEpil0 JadbHOCTI BiJ KoeQili€HTY MiAIMMaIbHOT CHIN K/NCYa=
f(Cya);

- KoedimieHTy miaiiMansHO1 CHIIH Bij 3Ha4eHHS KyTa ataku Cya =f(a);

- KoedillieHTy MiaAiMaIbHOl CUIM BiJ KoedilieHTy jgoboBoro omnopy Cya
=f(Cx);

- aepoauHaMiuHOl JockoHanocTi K Ta KoedilieHTy TOB3IOBXKHBOTO

MOMEHTY Mz B KOEIIEHTY MiAIMaNIbHOI CUITU
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