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Hane 0ocniodicents NpUCAYeHO CIMBOPEHHIO ANCOPUMMY 2eOMEeMPUUHO20
MOOEN0BAHHS PIBHOBIOOANEHUX KPUBUX (eKsioucmanm) y mux eunaokax, Koju
0a308y Kpugy 3a0aHo0 OUCKDEMHO Yy 8U2iadi KoopouHam oxkpemux mouwok. Llei
nioxio mac eaxciuse 3HaAueHHs OJisl  APXIMEKMYPHO20 Ma  IHIHCEHEPHO20
NPOEKmMYB8aHHsl, 2e0inpopmayitinoco aHarizy, NPOCmMopo8o20 MOOeI08AHHI Ma
NiOBUWEHHS DIBHs epheKmUBHOCMI 0OOPOHHUX MEXHOJIO02I, W0 HompedyIoms
BU3HAYEHHS Oe3neunHux mepumopit, Oygepuux 30H [ QYHKYIOHANLHO
ONMUMANLHUX PO3MAULYBAHL 00 €KMI8 0O0OPOHHO20 NPUSHAYEHHS, 30KpeMd
dopmuikayitinux cnopyo. Ocobiuso 8axrciuso, wjo 8 3a0aiax 0060POHHO2O
NPU3HAYEHHs BUXIOHI OAHI YaACmo NPeoCmAasleHO OUCKPEemHO, HANpukKiao, y
8U21A0i  KOOPOUHAM 3 CUCMEM CHOCMEPedCeHHs, Yupposux kapm abo
2e00e3UYHUX BUMIPIOBAHD.

3anpononosano  06a  cnocobu - 2eOMEemMpPUUHO2O0  MOOENIOBAHHS
eKGIOUCAHM y OUCKPEMHOMY U0l HA 3a0anill 8iocmani 8i0 pebep 06a30601
ouckpemno npeocmaenernoi kpueoi ([IIK). Ilepwuii cnoci6 6azyemvcs Ha
BU3HAYEHHI GepUUH eKGIOUCAHMU 3d PAXYHOK NepemuH)y CYMIJICHUX pebep
exgioucmanmu, noOy00BaAHUX 3a OONOMO2010 NEePNEeHOUKYVIAPIB, BIOKIAOCHUX HA
nesHy 8iOcCmaub 6i0 8ionosionux pebep 6azoeoi JIIIK. Jlpyeuii cnocio
nepeobavae 3a0amHs napamempa exgioUCmaHmu sIK 6IlOCMAaHb Gi0 BepUIUHU
exgioucmaumu 0o cepeduru pebpa 6azosoi JIIK, wo 0036011€ odepoxcamu
iHWut pezyromam y 6ueisdi Koopounam eepuiun exgioucmanmu. Oo6uosa
Memoou 00380Js110Msb 6y0ysamu sIK 6HYMPIWHI, MAK i 306HIUHI eKGIOUCTAHMU.

" HaykoBuii KepiBHUK — JI-p TeXH. HayK, podecop Ckouxo B.1.
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Tecmogi npukiaou HAOUHO OeMOHCMPYIOMb N0OYO008Y 080X eKGIOUCMAHM
Ha 3a0aHitl 8i0cmani 3a 060Ma cnocooamu, a MaKoHC aHali3 0COOIUBUX MOYUOK
eKgioucCmanmu npu nepesuLjenti napamempa eKgioucmanmu paoiycy KpueusHu
0a30680i Kpueoi, WO BKIOYAE MOYKU 360POMY HA €BOIOMI ma MOUKY
camonepemumy ek8iouCmanmu.

Ompumani  pezyniomamu  OeMOHCMPYIOMb  OI€BICMb  3aNPONOHOBAHUX
cnocobi8 0N MOOENIOBAHHS 2eOMEeMPUUHUX 00 €Kmi8, 30KpemMa )y KOHMeKChii
BU3HAYEHHS PAYIOHATILHO20 NOJIOHCEHHS 00 €KMi8 000POHHO20 NPUSHAYEHHS MA
nPOCMOpo8020 ananizy. Buznaueno nepcnexmugnicms nooanviiux 00CIiOH#CeHD,
CHPAMOBAHUX HA YOOCKOHANEHHS CHOCO0I8 2e0MempuiHo20 MOOeN08aHH s
OUCKDEmHO NpeOCMABNeHUXx eK8IOUCMAHmM ma ONMmuMizayito 0OYUCTIOBANbHUX
aneopummie 0l NIOBUUeHHSI MOYHOCMI Ui eheKMUBHOCMI.

Knrouosi crnosa: eeomempuune mooentogannsi, ekgioucmanma, OUCKpemuo
npeocmaenena Kpuea, 00’ €Kmu 000pPOHHO20 HNpu3HadeHHs, Gopmupikayiini
cnopyou.

Ilocmanoeéka npobnemu. Y  OaraTbOX MPaKTUYHUX 33jadax 3
apXITEeKTYpHOTO TPOEKTYBaHHS, I1H)XXEHepli, TeolH(hOpMaTUKU Ta OOOPOHHUX
TEXHOJIOTIH BUHUKAE HEOOXHICTh TOOYJAOBH PIBHOBIAIAJIEHUX KPHUBHX
(exBiMCTAHT) 10 0a30BOI KPUBOI, SKY 3aJIaHO y BUIJIAl JUCKPETHOrO HAOOPY
TOYOK. ICHyIOUI CIIOCOOM MOJICITIOBaHHS €KBIIMCTAHT MIEPEBAKHO PO3paxoBaHi Ha
aHAITUYHE 33JJaHHs KPUBOI, 10 He 3a0e3neuye He0OX1THOT 3pyUHOCTI Ipu poOOTI
3 IMCKPETHUMU JIAHUMHU.

Ananiz ocmannix oocnioxcens i nyoaikayii. [IpoéiemaM TUCKPETHOTO
T€OMETPUYHOTO MOJICTIOBAHHS MPUCBSYEHO YUCICHHI Mpall K BITYU3HSIHUX,
TaK 1 3aKOpJOHHUX BUeHHMX. Cepell BITYM3HIHUX BUEHUX CIIIJI BIAMITUTH POOOTH
C.M. KosamboBa, B.M. Haiimunma, B.M. Bepemarn, C.I. Ilyctiomeru. VY
poOoTax [2], [5] mocniaKeHHs cpsAMOBaHi Ha TOOYAOBY JUCKPETHUX KPUBUX Ta
MMOBEPXOHbB, 1X alPOKCHMAIIIIO0 Ta CTBOPSHHS T€OMETPHUHUX MOJIEIECH CKIIQTHUX
00’ekTiB. Pa3oM 13 TMUM HEIOCTAaTHLO MOCIIUKECHHMH 3aIUIIAIOTHCS IMUTAHHS
MOJICTIOBaHHSI JIUCKPETHO TPEACTABICHUX EKBIIUCTAHT 13 3a0e3MedyeHHsIM
33JTaHOT TOYHOCTI Ta MOXKJIMBOCTI aBTOMAaTH3aIlii mporecy. Y TOCTIIKCHHSX,
MOB’SI3aHUX 3 MOJICTIOBAHHSM PIBHOBIIAIGHUX KPUBUX 1 MOBEPXOHB, [0, 7]
JIOCITIJIPKEHO TEOMETPUYHUHN amapaT GOpMOYTBOPEHHS MapayielbHUX MHOXUH 1
PIBHOBIJITAJICHUX KPUBHUX SIK METOJ] T€OMETPUYHOTO MOJICTIOBAHHS TEXHIYHUX
00’ekTiB Ta mporeciB. Y pobortax [3, 4] aBTOpaMH MpoaHaai30BaHO METOJIH
JTUCKPETHOTO (OPMYBaHHS EKBIAMCTAHTHUX KPUBHUX SK IUIIXOM BEKTOPHOTO
3aJlaHHS  TapaMeTpiB, TaK 1 3 BHKOPUCTAHHSAM amapary YHCIOBHUX
MOCTIJOBHOCTEH Il 3aMKHEHUX KpuBHuX. Y mnpansix [1], [8—11] 3anponoHoBaHo
MIIX0AW A0 TNOOYyJOBM Ta 3aCTOCYBaHHS €KBIIMCTAHTHUX JIiHIM Ha OCHOBI
TCOMETPUYHOTO  MOJICIIOBAHHA  CKJIAIHUX  OOOJIOHOK,  BHCOKOTOYHOTI'O
IJIaHyBaHHS TPAEKTOPi y pPOOOTH30BAaHOMY BHPOOHMIITBI, ampoKCcUMAIlii
MOBEPXOHbB 1 KEPYyBaHHS KIHEMATUKOIO IHCTPYMEHTY.

Dopmynroeannsa wineii cmammi. 1{iuro cTaTTi € po3podka crocoOiB
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T€OMETPUYHOTO MOJIENIIOBAHHS JHUCKPETHO TMPEACTABICHUX EKBIAMCTAHT Ha
3amaHiii Bigcrani Big pedep AI1K.

Ocnoeéna uacmuna. MOXnuBi JBa CIOCOOM TOOYIOBU JAUCKPETHO
BH3HAUEHOI €KBIIMCTAHTH Ha 3aJaHiil BiACTaHI MDX peOpamMH €KBIIUCTAaHTH Ta
BIANOBIAHUMHU pebpamu auckpetHo npeacrasieHoi kpusoi ([IIK). 3a neprmm
CIIOCOOOM BEpIIMHM €KBIIUCTAHTH BHU3HAYAIOTHCS Y pe3yibTaTl NEPETHHY
CYMDKHHMX pebep eKBIIUCTAaHTH. 3a JIPYTUM CIIOCOOOM MapaMeTp €KBIAUCTAHTH
3JIa€ThCS K BIJICTaHb B1J BEPIIMHU CKBIJUCTAHTH J0 CepeauHu pedbpa 6a30BOi
AIIK.

3a mepmuM CIocoOoM TMapaMeTp d eKBIIMCTaHTH BIJIKIIAJIA€ThCS Ha
nepreHaukyspax 4D 1 BF (puc. 1) no BianmoBigaux pebdep 6azomoi JIIK.
Haitnpocrime 1e 3pooutu, Akimo nepneHaukyispu AD 1 BF npoxoasars uepes
BepuHu 6azoBoi JAIIK. Ilpsmi DE 1 FG BU3Ha4yaroTbCs, 3 OJHOTO OOKy, 13
YMOBHU TPOXOKEHHS MEepHeHAUKYIsIpiB yepe3 BianoBiaHi Touku [IIK, a 3
1HIIOro OOKYy — 3 YMOBH HapaJiebHOCTI pedep EKBIAMCTAHTH BIJIMOBIIHUM
pebpam 6a3oBoi I1TK.

b4

0

Puc. 1. BuzHaueHHs BEpUIMH €KBIIUCTAHT 3a MEPUIMM CIIOCOOOM

Koopaunatu touok D 1 F, yepe3 skl MPOBOASATHCS pedpa €KBIIUCTAHTH,
BH3HAYaAIOTHCA 32 (OPMYJIaMHU:

Xp =1, + d(Ys — Ya) .

1\/(XB —x2)*+ (Yp — Ya)? (1)
Yo = V4 + d(xg — x4)

i\/(xB —x2)* + (Yp — Ya)? 2)
Xy = 2y + d(yc — ¥p) _

FoCec —25)2 + (¢ — ¥8)* 3)

_ d(xc — xp)

Yr=Yp Tt

+y (xc — x5)% + (Ve — ¥B)? (4)



223

Pi3Hi 3Haku mepex paAMKaloOM BIANOBIAAIOTH PI3HUM HampsiMam
napameTpa d Ha TIepIeHIUKYJISPi.

Koopaunatu By3na M; eKBIAMCTaHTH BU3HAYAIOTHCS 13 YMOBH MEPETUHY
npsimux DE 1 FG:
_ (xg =x4) ¢ = x3) Wr — yp) + xp(yp — ¥a) (¢ — xp) — xp(yc — y5) (xp — Xx,) ]
- (e — ya)(xc —x8) — (Ve — y8)(xp — X4) ' (5)

XM, i

e —Ya) ¢ —yB)(xr — xp) + yp(xg — x2) Ve — ¥8) — Yr(Xc — x5) (V5 — Ya)
(xg = x2) (Ve — yB) = (xc — x8) (VB = Ya) ' (6)

Ymi =

[Ipuknag 1. (puc. 2)

3amano 6azoBy JIIK, koopaWHaTé BepUIMH $AKOi HABEACHO Y JBOX
nepmux psakax Tabmumi 1. [loGymyBatu 1B €KBIIMCTAaHTH Ha BiACTaHi 4
JiHIAHI oguHUI Big 6a3oBoi JIIIK.

Koopaunatu touok D 1 F, depe3 siKi MPOBOIATHCS pedpa €KBIIUCTAHT,
nigpaxoBaHo 3a ¢popmynamu (1) — (4) 1 HaBegeHo y 3-6 Ta 9-12 psakax Tabnui
1. Koopaunatu By3niB M; NBOX €KBIJIMCTAHT MiJ[paXxoBaHO 3a (hopmynamu (5)
Ta (6) 1 HAaBEIEHO Y CbOMOMY, BOCBMOMY Ta TPUHAJIATOMY,YOTHPHAILIATOMY
psankax tabmumi 1.

y

Puc. 2. bazosa JIIIK ta exBigucTaHTH

Ha puc. 2 mnokazano 6a3zoBy JIIIK Ta nBi AWCKpETHO mNpeacTaBICHI
€KBIIMCTAHTH.
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Tabnuys 1
Koopaunatu By3.iiB 60a30B0i JIIIK Ta ekBigucTanT
0 1 2 3 4 5 6 7 8 9
X; 0.143 1 1.929 2.929 4 5.143 | 6.357 | 7.643 9 10.429
Vi -0.19 1 1.929 2.595 3 3.143 | 3.024 | 2.643 2 1.095
X -1.828 | -0.288 1.514 | 3.503 | 5.533 | 7.493 | 9.356
p/
Yp/ 3.828 5.258 6.336 | 6969 | 7.124 | 6.859 | 6.258
X -0.288 1.514 3.503 | 5.533 | 7.493 | 9356 | 11.14
E/
Ve 5.258 6.336 6.969 | 7.124 | 6.859 | 6.258 | 5.379
Xpy/ -0.617 1.09 3.032 | 5.089 | 7.125 9.08 10.929
Y/ 5.039 6.176 6.91 7.167 | 6968 | 6.389 | 5.513
XD// 3,828 4,146 4,344 | 4,497 | 4,753 | 5,221 5,93
yo' 1,828 | -14 | -1,146 | -0,969 | -0,838 | -0,811 | -0,972
XF// 4,146 4,344 4,497 | 4,753 | 5,221 5,93 6,36
yF// -1,4 -1,146 | -0,969 | -0,838 | -0,811 | -0,972 | -1,379
X1/ 4.475 4.768 4968 | 5.197 | 5.589 | 6.206 | 7.071
Yyl -1.181 | -0.986 -091 | -0.881 | -0.92 | -1.103 | -1.513

Ha puc. 2 mnokazano 6azoBy JIIK Ta nB1 AMCKpEeTHO mNpeacTaBICHI
E€KBIIMCTAHTH.

3a apyrum cnocobom (puc. 3) koopauHaTu cepeauHu D pedbpa AB
JIOPIBHIOIOTD:

X4+ Xp

Xp = — (7)
Ya t+Yp

Yp = 5 (8)

Koopaunatn BepmmH M €KBIZUCTAaHT BHU3HAYAIOTHCA 3 TOMIOHOCTI

TpukyTHUKIB ABC 1 MDE:
*mM ~Xp _Ya— Vs
d AB ' 9)
3BIIKH:
_ d(Yi—1 — Yi) Xi+ X1
Xmli = 2 z T 2 (10
V& = %212 + 5 = Yic1) )
d(x; — X;—1) Vit Vi1
Yumli + .

i VO — %22 + (Vi — ¥ie1)? 2 (11)
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X, = d(Yi-1 — ¥i) 4 X;i+ X1
)/ ;
l —J (= xi21)2 + (Vi — ¥i-1)? 2 (12)
Yo = d(x; — xi-1) Y + ¥4
M/l = _
C == xim)? + 0 — Yie1)? 2 (13)
y
X
0

Puc. 3. BusHaueHHs BepIIIMH €KBIIUCTAHTH 3a APYTUM CIIOCOOOM

[Tpuknan 2. (Puc. 4)
3agano 6azoBy [IIK 3 mpuxnamxy 1. [ToOyayBaTu 1Bi €KBIAUCTAHTU HA
BijicTaH1 4 nmiHiitHI oauHuI Bia 6a3oBoi 11K 3a qpyrum cocobom.

l./ , iK1 miapaxoBaHo 3a (opmymamu (10) 1 (11),

Koopaunatu By3miB M
HaBEJICHO y MEPIIOMY Ta JpyroMy psiakax tabnuii 2. KoopauHatu By3:iiB Ml./ / ,
Akl migpaxoBaHo 3a ¢opmynamu (12) 1 (13), HaBegeHO y TpeTbOMYy Ta
YETBEPTOMY psiAKax Tadmuil 2.

Tabnuns 2

KoopannarTu By3J1iB 1BOX €eKBiAMCTAHT
)i 2 3 4 5 6 7 8 9

-2.674 | -1.364 | 0.212 2.05 4.075 6.14 8.136 | 10.034 | 11.855

Y/ 2.743 | 4.293 5.591 6.539 | 7.041 | 7.064 | 6.669 | 5.936 | 4.927

Xy// 3.817 | 4.293 4.646 4.879 | 5.068 5.36 5.864 | 6.609 | 7.574

Yul/ -1.933 | -1.364 | -1.067 | -0.944 | -0.898 | -0.897 | -1.002 | -1.293 | -1.832

Pe3ynmbrati BU3HAYCHHS KOOPAWHAT BEPIIMH CKBIAUCTaHTH, sKi
BH3HAUYCHO 3a JIBOMa HAaBEJICHUMH CITIOCOOAMU, TTOPIBHATH HEMOXKIIMBO, OCKIIbKH
32 KOXHUM CIIOCOOOM OTPUMYEMO PIi3HI BEPIIMHH JUCKPETHO BU3HAYCHOI
€KBIIMCTAHTH.
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Puc. 4. bazosa JII1K Ta ekBigucTanTh

Ha exBigucTtaHTi BHUHHMKAKOTh OCOOJIMBI TOYKH, SKIIO Tmapamerp d
CKBIJIUCTAHTH TIEPEBUIIYE PAIlyC KPUBU3HU 0a30BO1 KPUBOI, 3 IKUX JBI TOUKH €
TOYKaMH 3BOPOTY Ha €BOJIOTI 0a30BOi KPUBOI 1 OJHA TOYKAa CAMOICPETHHY
eKBiuCTaHTH. Takui BUNAJOK ITOKa3aHO Ha puc. 5, ne 6a3oBy JIIK yTBOproroTh
Toukn Ha napabom y=0,25x’, a mapamerp eKBimucTaHTH AOpiBHIOC d=5
JIHIAHUX OOUHUIb.

4

| exBiducmarma eBoswma napadonu

napadosa

0

Puc. 5. Oco01mB1 TOUKH HA €KBIIUCTAHTI

Bucnosxku. HapeneHo JBa CrmocoOM TEOMETPUYHOTO MOJICIIFOBAHHS
JTUCKPETHO BHU3HAYCHOI CKBIIMCTAHTH Ha 3aJaHiid BIJACTaHI MDK pedpamu
CKBIIMCTAHTH Ta BIAMOBIIHUMH peOpaMH JHUCKPETHO MPEICTaBIICHOI KPHUBOI.
[TopiBHsIbHUN aHANI3 000X CMOCOOIB MMOKa3aB, IO 3a JPYTUM CIOCOOOM
pe3ynbTaTH OOYHCIICHHb € MEHII KOPEKTHUMH, OCKIJIbKU 3aJaHWi TMapamMeTp
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eKBIIUCTAHTH 30epiraeTbcs JUIIE MDK cepeauHamMu pebep 0a30BOi KpHBOi Ta
BEpIIMHAMYU €KBITUCTAHTH, IO MOXE MPU3BOJIUTH 10 HAOIMKCHHS TEBHUX
YaCTUH BIAMOBITHUX pedep EKBIMUCTaHTH 10 pedep 0a3oBoi kpuBoi. Taka
noxuOka B OOYHMCICHHSX MPU3BOAWTH J0 HEmepen0adyBaHOTO MOTPAIISTHHS
dopTudikamiiftHuX Copya A0 30HU ypakeHHs. BogHouac mepeBaroro Ipyroro
crocoOy € Te, 110 31 30UIBIICHHSIM KUTBKOCTI TOYOK JUCKPETHU3allii €KBIAUCTAHTH
MOXWOKa TaKOro HAONIKEHHS 3MEHINYETHCS, OCKUIBKH JHCKPETHAa KpHBa BCE
O1bIIIe HAOMMIKAETHCS 10 HEMIEPEPBHOI.

10.

11.
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METHODS OF CONSTRUCTING DISCRETELY REPRESENTED
EQUIDISTANTS FOR OPTIMIZING THE PLACEMENT OF
FORTIFICATION STRUCTURES
Oleksandr Mostovenko, Volodymyr Skochko, Serhii Kozhedub, Oleksii
Kotliarevskyi, Andrii Posikera

This study is devoted to the development of an algorithm for geometric
modeling of equidistant curves (offset curves) in cases where the base curve is
given in discrete form as a set of coordinate points. This approach is of
significant importance for architectural and engineering design, geoinformation
analysis, spatial modeling, and improving the efficiency of defense technologies
that require the determination of safe areas, buffer zones, and functionally
optimal placement of defense-related objects, in particular fortification
structures. It is especially important that in defense-related problems the input
data are often represented in discrete form, for example as coordinates from
observation systems, digital maps, or geodetic measurements.

Two methods of geometric modeling of discretely represented equidistants
at a specified distance from the edges of a base discretely represented curve
(DRC) are proposed. The first method is based on determining the vertices of
the equidistant curve by intersecting adjacent edges of the equidistant,
constructed using perpendiculars laid off at a given distance from the
corresponding edges of the base DRC. The second method defines the
equidistant parameter as the distance from a vertex of the equidistant curve to
the midpoint of an edge of the base DRC, which allows obtaining another result
in the form of coordinates of the equidistant vertices. Both methods enable the
construction of both inner and outer equidistants.

Test examples clearly demonstrate the construction of two equidistants at
a given distance using both methods, as well as an analysis of special points of
the equidistant when the equidistant parameter exceeds the radius of curvature
of the base curve, including cusp points on the evolute and a self-intersection
point of the equidistant.

The obtained results demonstrate the effectiveness of the proposed
methods for modeling geometric objects, particularly in the context of
determining rational placement of defense-related objects and spatial analysis.
The prospects for further research are identified, aimed at improving methods of
geometric modeling of discretely represented equidistants and optimizing
computational algorithms to increase accuracy and efficiency.

Keywords: geometric modeling, equidistant curve, discretely represented
curve, defense-related objects, fortification structures.
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