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BILIMB BIYHOI'O BITPY TA ®POHTAJIBHOI IIBUJKOCTI TAHKA HA BIYHE
SMIINEHHA CHAPAIA

Y pobomi exazyemvcs cpepa 3acmocysanns popmynu euznavenns gerudunU OiUHO20 3MIWeHHs. CHAPSO0a nio
di€io 6iuH020 GIMpY, SKY GUKOPUCOBYIOMb NPU CKIAOAHH] mabauyb cmpinbbu. Brazyembcs, wo suxopucmanns yici
Gopmynu € nPaGOMIPHUM 3a MAKUX YMOS: CUld 10006020 ONOPY NOGIMPS PYX08L CHAPAOA NPONOPYItIHA KEadpamy
1020 WBUOKOCMI; KOMNOHEHMU WEUOKOCMI 6IMPY € 3HAYHO MEHWUMU 6I0 2OPU3OHMATLHOT CKIAO080T WUBUOKOCTE
cHapsoa; npoexyii weuoxocmi chapsioa na oci Oy ma OZ € 3nauno menwumu 6i0 npoekyii Ha eice Ox; 6e3posmipHul
Koegiyicum onopy ma eeauyuna 6iuHo20 6impy € SeIUUUHAMU CTNAIUMU.

Oounax y OilicHocmi cuna onopy pyxy cHapsoa mileKu IHOOI NponopyitHa Keaopamy U020 ueuoKocmi,
KOMROHEHMA weuoKocmi cHapsoa 6ioHocko oci O He 3a62c0uU € 3HAYHO MEHULON IO T KOMIOHEeHMU 8IOHOCHO OCI
Ox, a mooxce Oymu Hagimv OiLIbUIOIO 60 Hel, Koeiyichm Onopy He € GeNUHUHOIO CMANON, A 3ANeHCUMb G0
3HaueHHAM yucia Maxa, momy MOJCHA 11020 88adCAMU CIMAIUM MILKU NPU CMPINbOI Ha Mai 8100ai.

Aemopu npononyioms mMamemamuiny Mooeib BUSHAYEHHS GeIUUUHU OIYHO20 3MiWeHHsl cHapada nid Oi€lo
biuHo20 6impy. Beadcaemucs, wo cuna Oii 6iuHO20 8iMpY HA CHAPAO 3ANEHCUMb GI0 MAKUX YUHHUKIG. 2YCIUHU
NoBIMpsl; MAKCUMANbHOL NIOWi NOB3008ICHLO20 Nepepi3y CHAPAOA; DPISHUYI MIdC BeIUYUHOW OIMHOI CKAA00801
weuoKocmi 8impy ma weuOKicmio 0iuHo20 3MiujeHHs CHAPAOY, KA NIOHeCeHda 00 NeGHOI CMeneH.

Busnaueni na ocnogi 3anpononoganoi mamemamuuroi Mooeni 3Ha4eHHs 8elUtUH OIYHO20 3MIWeHH CHApAOdd
nio diero 6iuH020 Gimpy npu cmpinebi Ha Mani 8i00ali He3HAYHO BIOPI3HAIOMbCA IO 8elUYUH OIYHO20 3MiUjeHHs,
8KA3AHUX Y mabauyax cmpined. IIpome 3i 30inbueHHAM 8i00ai CMpPinbOU Pi3HUYA MIHC YUMU BETUYUHAMU 8ECb YAC
3pocmae i GenuyuHa OIMHO2O0 3MIWEHHSI CHAPSOA, GUSHAYEHA MEOPEemuyHO, € 3HAYHO OiLIbULoI0 60 6KA3AHOI 8
mabnuysx cmpined. Kpim mozo, 8 pobomi 00CIiONCyembCst 6nAUE BPOHMALLHOI UWEUOKOCHE MAHKA HA GeTUUUHY
OIYHO20 3MIUeH sl CHAPSIOA 3 BPAXYBAHHAM OIi 6IYHO20 6imp).

Knrouosi crosa: 306niwns banicmuxa cnapsioa,yucio Maxa, 6iunuii simep, eapmama /-81, mabiuyss cmpinw6.

IMocranoBKa npodieMu VY poborax [1,2] 3sHaueHHs BIINUBY GiYHOTO BITPY
Ha BEJIMYMHY 3MIILEHHS CHapsAa IpH CTPiIbOl 3 micis

OOYHCITIOIOTH, BUKOPHCTOBYIOUH (hOPMYITY

X
—w, | T-—X |, 1
y y[ VOCOSGOJ M

VY rtabmuisx crpined [11, 12] BkasaHi BemHIHHH
MONPaBOK HANpSMKY CTpiinbOM Ha OluHMI OanicTHYHHA

BiTEp MIBUIKICTIO 10%11}1;{ TaHKkoBOI rapmatu J[-81

cHapsimom O®26. [lpakTrka iX 3acTOCyBaHHSI BKa3ye,

10 ICHYIOTH PO301KHOCTI MK TaOJTUYHUMH 3HAYCHHSIMU
01YHOTO 3MIIIEHHS CHAps/Ia 1 peabHUMU. ToMy IS TIiJI-
BHIIICHHS TOYHOCTI CTPUITHLOM HEOOXiHE CTBOpPCHHS
MaTeMaTHYHOI MOJENi, sIKa J03Bojuiaa O OLIbII TOYHO
BH3HAYATH BEIMYMHY OIYHOTO 3MIMICHHS CHapsaa TiJ
niero 6ignoro BiTpy. CTpine0a 3 TaHKa, MEpEBaKHO
BemeThesl 3 Micd. OmHAK y BHMAIKY EKCTPEMallbHOL
cuTyarii MoxJmBa cTpinsba 3 xomy. Tomy € morpeba B
OLI{HIIl BIUTMBY (PPOHTAIBHOI IIBUIKOCT] TAHKA HA BEIIMTIHHY
Gi4HOTO 3MIIIEHHS CHApSIIA.

AHaJIi3 0CTAHHIX TOCTiIKeHb i myOaikamii

V wiii crarti BuOpana cucrema koopaunar OXyz 3
MOYaTKOM KOOPJAWHAT, IO MICTUTHCS B TOYI[l BHIBOTY
chapsna. Bice OX posmintyerscst B ropusonTi 36poi Ta
CKepOoBYyeTbCs B HampsmMky uimi, Bick OZ — Bepru-
KaJbHO Bropy Bix uentpy 3emii ta Bice OY € nepnienau-

KYJSIPHOIO 710 TIONEPEIHIX OCeH, YTBOPIOIOYM 3 HUMH
IIPaBy CUCTEMY KOOPIUHAT.

ne Wy — mBHAKiCTH OI4HOrO BiTPY, T — TPUBAICTH

JEeTy cHapsiga, X — TOPM3OHTaIbHA JAJBHICTH JIETY
cHapsama, V| — IOYaTKOBa IIBUIKICTH CHapsana, Oy —
KyT KHAJIQHHSI.

I popmyrna 6a3yeThCsl HA TAKUX OOMEKEHHSX:

- cWja Omopy pyXy CHapsaa TpH BIICYTHOCTI BITpY
3a71a€Thes y BUDIISA [2 — 8]

Fp=-05p SCpVV, )

Ie O - TyCTHHA TOBIiTps, S — MakcHMaibHA ILIOIIA
HorepedHoro nepepizy cHapsna, Cp — 0e3posMipHumii

koe(ilieHT ornopy, V — BEKTOp IIBUIKOCTI CHapsiia;

— CHWJIa OMOPYNPH HASBHOCTI BITPY 31 mBHAKICTIO W
OMUCYEThCs (HOPMYJIIOI0

Fo=p S Cp VIV -W), )
ne V e CKamspHOI BEJIMYMHOI0 IIBUAKOCTI CHapsjia
BiJJTHOCHO TIOTOKY TOBITpsI, TOOTO
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VV-W]; (@)
- KOMIIOHCHTH HIBI/II[KOCTi Blpr € 3HAYHO MCHIIIMMH

BiJl IBUIKOCTI CHapsAa BiMHOCHO oci Ox, TOOTO MaroTh
MicIle HepiBHOCTI

M <<V, My <<V i W [V 5)

- KOMITOHCHTH MIBUIKOCTI CHapsiia BiTHOCHO oceit
Oy Ta Oz € 3HA4YHO MEHIIMMH BiJ IIBHJKOCTI BiJIHOCHO
oci Ox

yvy\«vx iV, |<<vy; 6)

- 0e3po3MipHul KOe(illieHT Omopy Ta BelMYMHA
OIYHOI0 BITPY € CTAJIMMU BEIMYMHAMH
Cp=const i Wy =const. )

OjHaK:

- CWJIa OTOPY PYXy CHapsiia HE 3aBXKIH IPOIOp-
IifiHa KBaApaTy HOro MIBHIKOCTI;

- KOMITOHEHTA IIBUAKOCTI CHapsma BiJIHOCHO OCi
Oy € mificHO 3HaYHO MCHIIOK BiJi KOMIIOHEHTH IIBHJI-
KOCTI BigHOCHO oci Ox OJHAaK KOMIIOHEHTA MIBHIKOCTI
BisiHOCHO oci OZ Moke OyTH CHiBPO3MIpPHOIO 3 HIBHJIKICTIO
CHapsiia BimHOCHO oci Ox;

- Cp — xoedilieHT OMOpY 3aIeXUTh BiJ| 3HAUCHHS

grcra Maxa, ToMy Moke OyTH CTaduM TUTBKH TIPH
cTpins0i HA Mai BifAami.

Crpinb0y 3 TaHKa BEIyTh MEPEBaXKHO 3 MiCLs, IO
cripusie  TO4HOCTI  cTpibOM. [Ipore, I1HKONM BHHHKAE
notpeda BEJCHHS BOTHIO 3 XO1y. TeopeTHHi JTOCIiPKEeH-
Hsl CKEpPOBaHI Ha BHM3HAYECHHS BIUIMBY (DPOHTAIBHOT
LIBUJIKOCTI TaHKA Ha BEJIMUMHY OIYHOTO 3MIllIEHHS CHapsiaa
HE TIPOBOINITUCH.

Merta crarTi

Ockinbku BUKOpHCTaHHA (opmynu (1) MoxiHBe
TIPY TICBHUX OOMEKCHHSX, SKi BUKJIAJICHI BHIIE, TO BUHHU-
Kae ToTpeda B po3polIli MaTeMaTHYHOI MOAETi, ska O
JIO3BOJIMJIA BHM3HAYATH BEJMYMHY OIYHOTO 3MIIIEHHS
CHapsiAa Min niero 6i9HOTO BiTpy O€3 BpaxyBaHHS Iepe-
paxoBaHHX OOMexeHb. KpiM TOro, BaKJIMBO Ha OCHOBI
MaTeMaTH4HOI MOIeNi MOCHiAUTH CYKYIHHH BIUIUB
(bpoHTaTIBHOI MIBUAKOCTI TaHKa Ta OIYHOrO BITPY Ha
BEJINYMHY O1YHOTO 3MIILIEHHS CHApsia.

OcHOBHA YacTHHA

BupitanbHuii BIUIMB HAa JUHAMIKY CHapsijia MarOTh:
Bara cHapsga — P, ynoGosuii omip mositps — R Ta
KopiomnicoBa cuna —F.,,. OctanHs nuimie npu cTpinbbi

Ha BeJMKI Bimnami. Bara cHapsga P=mg, ne m— maca

cHapsima 1 g=98 % 5 — TPHIIBAIICHHS BUIBHOTO
c

nafinna Tina. KopiomicoBa cunma Fyoe = -Mag,,, ze
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8eor = 209 xV — KopionicoBe NpumIBUILIEHHS, )y —
BEKTOpP KYyTOBOI IBHUAKOCTI oOepTanHs 3emui. Cmia
J000BOTO OIOpPY TOBITPS 3aleKUTh BiJl IITBHUAKOCTI
CHapsiJia Ta ONKUCYEThCSI KyCKOBO-HETICPEPBHUMH 3aJICK-
mocrsmu [9, 10],
Bi
RO=0pas VOS2 @

S

e C, — koedillieHT, 3HAYEHHS SKOTO MOEIHY€E Xapak-
TEPUCTHKY aepOJMHaMIYHOCTI (POpPMH CHApsizia, TIPU HOro
MOB3JIOB)KHBOMY OOTIKaHHI TOBITPSIM, Ta HPONOPIiH-
HOCTI; P, — TYCTHHA IOBITpS, Sy, — MaKCHMajbHa ILIOMA
TIONIEPEYHOro nepepizy cHapsaaa; Vg — MBUAKICTb 3BYKY
B noBitpi. [Tapamerpu y; i B (i=1,2,3) matots pi3Hi
3HAUCHHS Ha eramax JIeTy CHapsja 3 HaJ3BYKOBOIO
(supersonic), mim3BykoBoro (transonic) Ta JI03BYKOBOO
(subsonic) mBuaKOCTSIMH.

JocitizkeHHs BIVIUBY OIYHOr0 BiTpy Ha JUHAMIKY
cHapsina. [IpornoHyeThest ONMCYBaTH CHITY THCKY OI9HOTO

BITPY ﬁwy Ha cHaps GOpMyYIIO0

. 101325 ua-syy (1 65(z+2p) 5,255X
" " Ry (TK —0,006328  7)

288000
<y 0-v, 0, ©
ne Mg =2896 K/ — ymoBHa MonspHa Maca

MOBITPS; Sy — MakcnMMalbHa IUIOMIA IO B3/I0BKHBOIO
nepepizy cHapsza; Cy - KOoe(iIliEHT, 3HAYCHHS SKOTO

MOEHYE XaAPAKTCPUCTUKY AacpPOIMHAMIYHOCTI (hopMu
CHapsiJa, MpU HOro IMorepedHoMy OOTIKaHHI MOBITPSIM,
Lo

KMOJb -

Ta mpomnopuiiHocti; R, = 8314 — yHiBep-

cajlbHa raszoBa crajna, TK -— a0CONIOTHA TeMIepaTypa

noitps, Zp=111537 m - obymoBieHa craHgapr-
HUMH YMOBaMH CTpiIbOM, Z — BHCOTA CHapsiia Haj

piBHeM 36poi; QY — creminb nponopuiittocti, Vy (t) -
OivYHA MIBUIKICTH CHApsAa, Wy(t) — OiYHa IMIBUIKICTH
BiTpy. Y hopmyni (9) 3HaueHHA BenmamH Sy ,Cy i G

3aJIeKaThb BiJ] THITY CHapsa.

Ha ocHOBi gpyroro 3akoHy AWHAMIK{ 3aITHIIEMO

PIBHSIHHSI
ma=P+R+Fy +FRyy, (10)
Jie a — NPHUIIBUILMICHHS CHapsiaa.

IMpoektytoun piusaast (10) Ha oci KoopauHaT
OTPUMAEMO CUCTEMY TPhOX JU(EPCHIIATLHUX PiBHSIHB
Jpyroro nopsnaky. [lns BU3HaYeHHS KiHEMaTHYHHX Iapa-
METpIB PyXy CHapsga HEOOXiZHO pO3B’S3yBaTH MO
cucremy audepeHIianbHUX PiBHIHL. [109aTKOBI yMOBH
JUIsl Hel, Y BUIIAJIKy CTPiJIbOU 3 MiCIsl, HACTYIIHI:
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x(0)=0, %(0)=Vycosty, y(0)=0, y(0)=0,
z(0)=0 1 2(0)=Vsinb, , (11)
ge Vg — modaTkoBa IIBUAKICTH cHapsiga, 6g — KyT

KUJIAHHSL.
SIKIo TaHK pyXaeTbes 3 PPOHTATHHOIO MIBUAKICTIO
Voy » TPaHIYHI yMOBH HaOyBarOTh BULIAILY
x(0)=0, %(0)=Vpcosty, Y(0)=0, y(0)=Vyy,
z(0)=0 i 2(0)=Vqsindy . (12)
Po3B’s130K cucremu AuQepeHIiialbHIX PIBHSIHD 31iH-
CHIOETBCSI BUKOPHCTaHHSM BiJIIIOBITHOTO MPOrPaMHOI0
3a0e3MeueHHsl.
Posrisinaerbest pyx cHapsina O@®26, BUIYIEHOT 0
3 125-mm rapmatn [I-81. [Ipwu 3milicHeHHI OOYHCIICHD
Opasnuch 3Hayenus: Maca cuapsna — M=230 e, noyar-

KOBa MIBUAKICTb —V0=850’%, IIOIA IIOIEPEYHOrO

nepepiszy —Sy =n-0,066 2 42 | mwioma NOB3OBKHBOrO
nepepizy — s,=0,06226 Mz, TeMIlepaTypa IOBITPS —

t=15 °C, armocdepuuii Tuck — p=750 mm pm. cm.
Ha erani nery cHapsima 3 HaI3ByKOBOO IIBHKICTIO
3HaueHHs mapamerpiB y;=—0,009 i f;=-0,631. Ha erami

PYXy cHapsifia 3 MiI3BYKOBOIO MBHIKICTIO ¥5=0,0032 i
S5=8,7987 . SIxmio MWBHAKICTH CHApSIA € JO3BYKOBOIO,
To — y3=053 i P3=7,8476. Ha Bcix eramax pyxy
cHapsiga €, =0,35, Cy:36,28, ay:0,957.
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VY Tabnuui B MepuIoMy CTOBIII Qg BKa3aHi KyTU
npuimoBanHs; y apyromy (X ,1 ) — MambHicTs nery

CHapsija IpH BKa3aHOMY KyTi NPHIUTIOBAaHHA Ta CTaH-
JTAPTHUX YMOBAx CTPiTbOM, BU3HAYEHY 3TiTHO 3 3aIporio-

HOBAHOIO aBTOpPaMH METOAWKOIO, Ta BiAmamb JETy

CHapsa BKkazaHy B Tabmuri ctpins0 [11, 12]; y Tpetsomy
CTOBIIII (yik Jd ”Ecor) — BEJIMYMHHM OIYHOIO 3MIILEHH]
cHapsiaa BHaciinok BImuBY KopiomicoBoi cunu; y yerBep-
TOMY CTOBIIII (yik,M; Viy = 10% ) — BEJIMYMHH OIYHOTO

3MIIIEHHSI CHapsiia BHAcCHiOK BILMBY KopiomicoBoi
cwin Ta OiyHOTO BIiTpY (B AYXKKaX BKa3aHi BETHMIWHH
0iyHOTO 3MIlllCHHs HaBeldeHi B TabmuIisx cTpinpb [11,

12]); y w’saromy croBmui (yik,/u; Vi = —10%) -
BEJIMYMHU OIYHOTO 3MIllICHHSI CHAps/ia BHACIIZIOK BILIUBY
KopionicoBoi crim Ta 6i4HOro BiTpY; Y IIOCTOMY CTOBIILI
M —10M/ - =M - i
(y,k,,w, Voy =10 A ; Vay =0 4 ) BEIMYUHA OIYHOTO

3MIIIEHHS CHapsi/ia BHACIIOK BIMBY KopiomicoBoi cniw,
(pOHTATBHOTO PyXy TaHKa, aje BIJICYTHICTIO OidHOrO

BITPY; Y CBOMOMY (yik,m; V0y :10MC; VWy :10%) -
BEIIYMHY OIYHOTO 3MIIICHHS CHAPSAA BHACHIIOK BIDIUBY
KopiomicoBoi cwmiy, pyXy TaHKa Ta HasBHICTIO OI9HOTO
Bi1py; y BockMoM (yi, 2 Voy =109/; iy =-10%/) -
BEJIMYUHHU O1YHOTO 3MIIIEHHS CHAPSIa BHACIIIOK BIUTHBY
KopionicoBoi cuiu, pyxy TaHKa Ta HasBHICTIO Oi14HOTO

BITpY.

Tabnuys

3Ha4eHHs JAJbHOCTI JIeTy CHaps/Ja Ta oro 0i4yHoro 3MileHHs1, BHACJTIAOK Al 0i4HOro BiTpY i (ppoHTAIBHOIO PYXy
TaHKA, BU3HAYEHHX T€OPETHYHO i HaBeAeHUX B Tabmusx cTpinbo [11, 12] (ckopovenuii BUTIsT)

Vie, y ]V Yik M Yik» M Yik» M

aig, Yik: M ik » ik -

L R ¢ Voy =104/ | Vo, =104/ | Vo, =104/

2pao Foor | Vay =10% Vi = _10% . 9 y

Vi =04/ | Vi =100/ | Vi, =102/

0°07" | 292,21 | -0,01 0,06 ~0,07 3,44 3,50 3,37
(200) 0

0°27° | 1049,39 | -0,07 0,83 ~0,98 12,30 13,20 11,41
(1000) (1,0)

0°50" | 1800,80 | -0,23 2,65 311 21,00 23,88 18,27
(1800) (3,6)

1°19" | 2605,01 | 0,49 6,07 =7,07 30,14 36,72 23,90
(2600) (7.8)

153" | 3391,23 | 0,85 11,30 ~13,06 38,82 51,03 27,24
(3400) (10,2)

2°35" | 4188,26 | —1,33 19,06 —21,86 47,27 67,79 27,76
(4200) (16,8)

3°28" | 499530 | -1,94 30,24 ~34,36 55,33 87,75 24,42
(5000) (30,0)

4°37° | 5816,95 | —2,69 46,04 -51,80 62,81 111,91 15,83
(5800) (46,4)
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6°00" | 6603,07 | —-3,45 64,85 -72,31 68,73 137,57 2,62
(6600) (59.,4)

7°39° | 7391,15 | -4,24 86,49 —95,70 73,39 164,84 -14,71
(7400) (74,0)

160r. | 8203,21 | -5,04 111,19 -122,21 77,12 194,27 -36,09
(8200) (90,2)

197T. | 9022,88 | -5,92 139,88 -152,86 80,18 227,10 —62,22
(9000) (117)

229t. | 9634,41 | -6,67 166,41 -181,05 82,26 256,62 -87,15
(9600) (134,4)

240r. | 9825,75 | 6,91 175,34 -190,51 82,87 266,44 —-95,63
(9800) (147,0)

290r. | 10603,6 | -7,89 214,36 -231,69 85,22 308,99 -132,96
(10600) (169,6)

351r. | 11401,8 | -8,95 259,22 -278,83 87,66 357,50 -176,14
(11400) (205,2)

4071. | 12027,2 | -9,84 298,72 -320,21 89,78 400,12 -214,17
(12000) (228,0)

AHarizyroun 3HaUCHHS, HaBe/ICHI B TAOIUII, MOKHA
CTBEPIKYBATH:
- pO30DKHOCTI MDK 3HAYCHHSIMH JIETy CHapsja, HpH
OJTHAKOBOMY KYTi MPHIILTIOBAHHS, HABEICHHUX B TAOIHUIIIX
crpins6 [11, 12] Ta BM3HAYEHMX 3TiJHO i3 3aMPOITOHO-
BaHOIO aBTOPaMH METOJMKOIO, € CYTTEBUMH NPH CTPiIb-
6u Ha Bimgams g0 1200 MerpiB, OCKUTBKHM MPU MaHX
KyTaX MPHULILTIOBAHHS Ma€ MicIle CYTTEBA 3MiHA JAIBHOC-
Ti JIETY MIPY 3MiHI TIPULILTY HA OJHY XBUWIHMHY;
- OluHe 3MillleHHs CHapsia 3 BpaxyBaHHsM KopiomicoBoi
cunM 1 Bu3HadyeHe Oe3 ii ypaxyBaHHS BiAPI3HSIOTHCS
KiJIbKOMa METpamu;
- pO30DKHOCTI MDK BEJIMUMHAMH OTYHOTO 3MIILCHHS CHApsiia
mig Jgi€ro OaliCTHYHOro OIYHOrO BITPY, HABEACHHX B
tabmumsax ctpinsd [11, 12], Ta BU3HAYCHUX TECOPETUYHO €
He3HauHUMU TIpu cTpib0i 1o 6000 M, omHak BOHU 3poc-
TAIOTh 13 30UIBIICHHSM JajbHOCTI CTPLIBLOM, HPUIOMY
TEOPETHUYHI 3HAYCHHsS € OTBIIMMHU BiJ] HAaBEIACHUX B
tabmux [11, 12];
- y BUIIAJKY CTPUIBOM 3 TaHKA, SIKUH pyXaeThcsl (PPOHTAIIB-
HO, TIPH BiICYTHOCTI BITpY BEJIMYHMHA OIYHOTO 3MIIICHHS
CHaps/1a 3pOCTac i3 NaJbHICTIO CTPUIHOH;
- SIKIIO (hpOHTANTbHA MIBHUIKICTH TaHKA JOPIBHIOE OiUHIM
IIBUIKOCTI BITPY Ta BOHHM OIHAKOBO CKEPOBaHi, TO BEIH-
yrHa OIYHOTO 3MIIIEHHS CHapsia TPSAMO MPOIOpPIliiHA
TPHUBAJIOCTI JIETy CHAPALIA;
- SIKIO (PpOHTATbHA IIBUIKICTh TAHKA JOPIBHIOE IIBHUI-
KOCTi OI9HOTO BITPY, ae BOHHM CKepOBaHI B TPOTIUICHKHI
0O0KH, TO BeTMYMHA OIYHOTO 3MIILICHHS CHapsi/ia CIIOYaTKy
3pOCTa€ B HANPSMKY PYyXY TaHKa, MPOTE 3r0I0M BEIMYHHA
OiYHOrO 3MIlIEHHSI 3MEHIIYEThCS 1 MOXJIMBE BXkKE HOro
3pOCTaHHS B HANPSIMKY J1ii O1YHOTO BITpY.

BucuoBok

Ha ocHOBi 3amporoHOBaHOT MaTEMAaTHYHOI MO
BU3HAYAEThCS 3HAYCHHS BEIMYMH OIYHOTO 3MILICHHS
cHapsiia mij Jieto Oiunoro BiTpy. IlokazaHo, 1m0 mpu
cTpinb0i Ha Maiyi Bijjani me 3HA4YeHHsS HE3HayHO

BiJIPI3HAETHCS BiJl BEIMYMH OIYHOTO 3MIIICHHS, BKa3aHUX
y Tabmumgx crpine6. [IpoTte 31 30imbImeHHAM Bimmani
CTPIIHON PI3HUL MK IIMMH BEIMIMHAMH BECh Yac 3pOCTaE
1 BelM4MHA OI9HOTO 3MIIICHHS CHAps/Ia, BU3HAYECHA Teope-
THUYHO, € 3HAYHO OUIBIIOI0 Bi BKa3aHOI B TaOIHIIIX
crpinp0. KpiM Toro, 3ampononoBaHa MaTeMaTHIHA MOJCITH
JTMHAMIKH CHapsa J03BOJISIE BPaXOBYBaTH BIUIUB ()POH-
TaJIBHOI MIBHUIKOCTI TAHKA Ha BETMYNHY O1YHOTO 3MiIIICHHS
CHapsiza 3 BpaxyBaHHSAM [ii 6iuHoro BiTpy. Ha ocHOBi
MPOBE/ICHUX JIOCIIKEHb T4 BHKO PUCTaHHS BIJIIOBI/-
HOT'0 MPOTPaMHOro 3a0e3NneYeHHs: MOXKIIMBE aBTOMATH30-
BaHE HaBEJICHHS rapMaTH Ha LIiJIb.
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BJIASIHUE BOKOBOI'O BETPA 1 ®POHTAJILHOM CKOPOCTHA TAHKA HA BOKOBOE CMEIIIEHUE CHAPSIJTA

H. 1. Copokartsiit, H. 1. Boiitosuy, JI.JI. Benuuko, O.A. Mockanésa

B pabome yrasvieaemcs obracmov npumeneHuss Gopmyivl onpeoeneHus GeluyUuHbl 60KOB8020 CMeujeHus cHapsoda noo
Oelicmeuem 6OK0B020 6empd, UCNONL3YEMOU NPU COCMAasaenuy mabauy cmpenvosl. YKasvieaemcs, 4mo UcnoIb3o8anue dmot
Gopmynel A8AAEMCSA NPABGOMEPHBIM NPU CAEOYIOWUX YCI0BUAX: CULA 10608020 CONPOMUBTEHUSI 8030YXA OBUICEHUIO CHAPAOA
NPONOPYUOHANLHA KEAOpamy €20 CKOPOCMU, KOMHOHEHMbl CKOPOCHU 6empa 3HAYUMENbHO MeHblue OMm 2OpU3OHMATbHOU
cocmasasowell CKopocmu CHaps0a; npoekyuu ckopocmu crhapada na ocu Oy u OZ 3HauumenvHo Menbie om npoeKyul Ha ocb
Ox; be3pasmepHblii KOIPDuyuenm conpomueienus u cuia GOK0B020 6empa AGNAMCA 8eNUHUHAMU NOCMOAHHBIMU.

Oonaxo 6 OelicmeumenbHOCMU CUIA CONPOMUBTIEHUSI OBUIICEHUIO CHAPAOA MONbKO UHO20A NPONOPYUOHATIbHA KEAOpany e20
CKOpOCMU; KOMNOHEHmA CKOpocmu cHapaoa omuocumenvho ocu OL He 6ce20a 3HAYUMENIbHO MeHbUle ee KOMNOHEHMbl
omnocumensvho ocu Ox, a modcem 6vims oadice bonvuLe ee; KOIPHUYUeHm cONPOMuUBNIeHUs. He AGTACMC 8EeNUYUHOL HOCMOAHHOUL, a
3a8ucum om sHaveHus yucia Maxa, nosmomy MOX*CHO €20 CHUmans NOCMOSHHbIM MOLbKO NPU CMpenbvie Ha Matble pacCmOsHUA.

Aemopbl npednazaom mamemamuyeckyro Mooenb onpeoesieHus 8eludunbl DOK0B020 CMeWe s CHapsaoa noo Oelicmeuem
60r06020 6empa. Cyumaemcst, Ymo cuia Oelcmeusi GOK08020 6empa HA CHAPSIO 3ABUCUM OM CLEOVIOWUX aKmopos: NiOMHOCHU
6030yXA; MAKCUMATLHOU MIOWAOU NPOOOIbHOZO CeYeHUs CHAPAOd; DA3HUYbL MeXHCOy BeluyuHol OOKo8oll cocmaegnarujel
CKOpOCmU 86empa U CKOPOCHbIO BOK08020 CMeWeHUst CHapa0d, KOmopas 8036€0eHa K ONpeoeNeHHOl CIenenu.

Onpeoenennvie, Ha OCHOBE NPEOIONCEHHOU MAMEMAMUYECKOU MOOeNU, 3HAYEHUS, 8eIUUUH BOKOB020 CMeujeHUs CHapAoa
noo Oeticmeuem OOK08020 8empa Npu cmpenvoe Ha Manble pacCmMOAHUAL HESHAUUMENbHO OMIUNAIOMCA OM 8elUdUH HOK08020
cMewjenUst YKasauuvlx 6 maoauyax cmpenvovl. OOHAKo ¢ yeenuyeHuem paccmoaHus Cmpenbobl pasHUYa MeHcoy IMUMU 6 TUUUHAMU
NOCMOAHHO 803paACMAem U 6eIUUUHA OOK0B020 CMEWeHUs CHAPAOA, ONpedeleHHas MeOpemuyecKu,- SHAUUmenbHo oOonvuie
yKasannot 6 mabauyax cmpenvoul. Kpome moeo, 6 pabome ucciedyemcs sausinue GpoHmanbHol cKOpoCmu MaHKa Ha BeUUUHY
00K06020 cMewenus CHapsaoa ¢ yuemom Oeticmeus 60K08020 empa.

Kniouesvie cnosa: snewnsia bannucmuxa chapsaoa, yucio Maxa, 6oxogoii éemep, nywika /[-81, mabnuya cmpenvo.

SIDE WIND AND TANK SPEED INFLUENCE ON LATERAL DISPLACEMENT OF THE PROJECTILE
M. Sorokatiy, M. Voytovych, L. Velychko, O. Moskalova

This article indicates the scope of the formula for determining the magnitude of the lateral displacement of the projectile
under the action of crosswind, which is used in the compilation of firing tables.
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This formula is valid under the following conditions: the force of frontal air resistance to the motion of the projectile is
proportional to the its velocity squared; wind speed components are much smaller than the horizontal component of projectile
velocity; the projectile velocity projections on the Oy and Oz axes are much smaller than the projections on the Ox axis; the
dimensionless coefficient of resistance and the magnitude of the crosswind are constant values.

However, in reality, the force of frontal air resistance to the motion of the projectile is only sometimes proportional to the
its velocity squared; the projectile velocity projections on the Oz axis may be are much smaller than the projections on the Ox
axis and may even be greater than it; the coefficient of resistance is depends on the value of the Makh number, so it can be
considered constant only when shooting at short distances.

The authors propose a mathematical model for determining the magnitude of the lateral displacement of the projectile
under the action of crosswinds. It is believed that the force of the crosswind on the projectile depends on the following factors:
air density; the maximum area of the longitudinal section of the projectile; the difference between the value of the lateral
component of the wind speed and the speed of the lateral displacement of the projectile, which is raised to a certain power.

The magnitude of the values of the lateral displacement of the projectile under the action of the crosswind when shooting at
short distances, determined based on the proposed mathematical model, slightly differ from the values of the lateral displacement
specified in the firing tables.

However, with increasing firing distance, the difference between these values is constantly increasing and the value of the
lateral displacement of the projectile determined theoretically is much larger than indicated in the firing tables. In addition, in
this research the influence of the tank velocity on the value of the projectile lateral displacement taking into account the action of
the crosswind is studied.

Keywords: external ballistics of the projectile, Makh number, crosswind,cannon D-81, firing tables.
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DYNAMIC FUSION OF IMAGES FROM THE VISIBLE AND INFRARED
CHANNELS OF SIGHTSEEING SYSTEM BY COMPLEX MATRIX
FORMALISM

The employment of new mathematical and computer approaches for the fusion of target images from the
visible and infrared channels of the sightseeing system (SSS) is one of the ways to increase the efficiency of the SSS
of armored vehicles. Modern approaches to improving the efficiency of image fusion are aimed to increase the
visibility of the target via improving the quality indices of fused images. This paper proposes a fundamentally new
approach to image fusion, namely dynamic image fusion, at which the target is observed in the mode of a video clip
composed of a sequence of stationary fused images obtained at different parameters of fusion, in contrast to
traditional stationary image fusion, at which the decision is made from one fused image. Unlike stationary image
fusion, aimed to increase the visibility of the target, the dynamic image fusion allows one to enhance the conspicuity
of the target. The principle of dynamic image fusion proposed in this paper is based on matrix formalism, in which
the fused image is constructed in the form of a complex vector function, which by its mathematical form is
analogous to the Jones vector of elliptically polarized light wave, which in turn opens the possibility of matrix
transformation of the complex vector of the fused image and consequently its parameterization by analogy with the
Jones matrix formalism for the light wave. The article presents mathematical principles of matrix formalism, which
is the basis for dynamic image fusion, gives examples of stationary and dynamic image fusion by the method of
complex vector function and compares with the corresponding images, fused by algorithms of weight addition in the
field of real and complex scalars. It is shown that by selecting weight coefficients, the general form of a complex
amplitude vector image can be reduced to the algorithms of weight and averaged addition in the field of real
scalars, weight amplitude and RMS-image in the field of complex scalar numbers, and geometric-mean image in the
field of complex vectors, which, thereby, are partial cases of the general form of the complex amplitude image in the
field of complex vectors.

The animated images obtained by the method of complex vector function illustrate the increase of conspicuity
of the object of observation due to the dynamic change of the fusion parameters.

Key words: digital image processing, image fusion, infrared imaging, Jones matrix formalism, complex vector
image fusion
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