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30BHIIIHA JTUHAMIKA OCKOJIKOBO-®YI'ACHOI'O CHAPAJA OP-4627K

Ha ocnoei 3anpononosanoi asmopamu QyHKYIOHANLHOT 3a1€ACHOCT 8eIUUNHU CUNU T0O08020 OROPY NOGIMPSL
PYX08i cHaps0a 6i0 11020 WEUOKOCMI, MACU MA KALiopy, memnepamypu i 2yCmutu nosimps, ammocghepro2o mucky,
WBUOKOCMI 38VKY 6 NO8Iimpi 00CHIONCYEMbCA IX 6NAU6 HA 308HIWHIO Oanicmuky cHapsaod. @yuKyionanvHa
3AN1€ACHICMb, NONPU 0OHAKOBY (YOPMY 3anucy npu pyci CHApsoa 3 HAO36YKO60I0 ab0 0038VKOBOI WUEUOKOCHAMU,
MA€ pi3HI 3HAYEHHs NeGHUX Koeghiyienmis. [ IX 6U3HAUEHHS PO36 A3yembCsl 0bepHena 3a0aua OUHAMIKY, mobmo,
6azyruUCcy Ha pe3yTbmamax eKCnepuMeHmMAIbHUX 00CAi0dCeHb 01 0AHO020 MUNY CHAPA0d, MemoooM NOCAIO08HUX
HabudceHb niobuparomscs ix 3nauenus. B nooanvuiomy, Ha ocHo8i e 8U3HAUEHOI YHKYIOHANLHOT 3A1eHCHOCHI
GeIUNUHU CUTU 10008020 ONOPY NOBIMPs GI0 YUX napamempis, O00CHIONCYEMbCA IX 6NAU6 HA KIHeMAmuuHi

napamempu pyxy cHaps0d 8 nogimpi.

Kniouoei cnosa: apmunepis, 308niwnsa danicmuka cHapaodie, cuia 10008020 OnOpy NOGIMps, memnepamypa

nogimpsi

Beryn

IMocTanoBka npo6Jemun. /[unamika pyxy cHapsaa
B TOBITPi 3aJIGKUTH BiJ 0araThoxX (HaKTOpiB SK IeTep-
MiHOBaHUX (Hampukianm, (OpMH Ta MacH CHapsna,
TEeMIIepPaTyp MOBITPs Ta 3apsiry, aTMOC(HEPHOTO THCKY)
TakK 1 HeleTepMIHOBAaHUX (HANIPUKIIAI, IOYAaTKOBA IIIBH/I-
KIiCTh CHaps/y, BETUYWH 1 HAMPSIMKIB MIBHIKOCTI BITPY
B TIpoIleci monboTy cHapsina). OCHOBHHMH CHJIAMH, SIKi
BIUIMBAIOTh HAa JMHAMIKY PyXy CHapsja, € ioro Bara Ta
cu1a 1060Boro onopy mositps. Ii GyHKIiOHATBHY 3a5Te%K-
HicTh Ta KoedilieHT GopMH CHapsa BU3HAYAIH, BUKO-
PHCTOBYIOUM pe3YJIbTaTH EKCIIEPUMEHTAIBHUX JIOCITI-
JokeHb. Ha OCHOBI OTpMMaHUX 3aJeKHOCTEH, BUKOPHC-
TOBYIOYM METOJl IHTEPIOJIALi], 3HAXOAWIN BEITMUMHHU
MOTIPABOK, SIKi 0OYMOBJIEHI HECTAaHJAPTHUMH YMOBaMH
crpimpon. OHAK BU3HAYCHI BEITMYMHH ITONPABOK HE 3aBXKIN
KUTBKICHO CIIBITAJATH 3 IPAKTHUKOIO 1X 32CTOCYBAHHSL.
AHani3 ocTaHHIX AocTiKeHb i myOJikamiii.
JlocikeHHIO BIUTMBIB PI3HUX YMHHHKIB HA 30BHILITHIO
OaNiCTHKY KyJb, MiH Ta CHapsIiB NPUCBSYCHA BEJIHMKA
KUTBKICTh KHHT Ta cTaredl. ba3oBi MOJOXEHHS OCHOB
30BHIIIHBO1 OATICTUKH CHAPSIIIB BUCBITIICHI, HATIPUKJIIA,
y [1-3; 6-11]. ¥ nux poborax, nepeBakHo, cHia J1000-
BOTO OIIOPY OIHMCYBAJIACh 3AJIEXKHICTIO
oVEad? [v]
R=————ic,| — |,
2 4 a

e R — cuna mo6GoBoro onopy moBiTpst, V — MIBHAKICTH
. \Y
CHapsila, p — ryCTHHA IMOBIiTpsA, — — 4mcio Maxa, a —
a
WBUKICTH 3ByKYy B NOBiTpi, 0 — KaniGp cuapsna, i

. \
koediuienT Qopmu cHapsima, Cy| — | — eTaJOHHA
a
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(dhyHKIIsS T060BOTO OTOpY. Y CTaTTi [4] MOCHIMKYEThCS
30BHIlIHS OanicTHKa Kyini, a B [5] — cHapsima. Y mumx
poboTax BeNMYMHY CHWIM JIOOOBOTO OINOPY IOBITPS
PYXOBi TiN BH3HAYAIOTh, BUKOPHCTOBYIOUH (DYHKIIO-
HaJlbHY 3QJIC)KHICTB, SIKa Ma€ OJHAKOBUH BUIVIAA TIPH
pyci Tila 3 HAA3BYKOBOK a00 [1O03BYKOBOKO MIBHJI-
KOCTSIMM, TPOTE BIAPI3HIETbCS BEJIMYMHAMHU TEBHUX
KOe(iIieHTIB.

Mera cratTi. PyHKIIOHAIBHY 3aIEXKHICTh BEIMYNHA
CHJIH JIOOOBOTO OIOpY TOBITPsI pyXOBI CHapsijia Bix ioro
MIBUJIKOCTI Ta IHIIMX MapaMeTpiB BU3HAYUTH aHAIITHK-
HUMH MeToJaMHu mnpobneMatndHo. OpHak Juis OOCHi-
JUKEHHS BIUTUBY JI€TEPMIHOBAHUX Ta HEJIETEPMIHOBaHUX
YUHHUKIB Ha KiHEMAaTHYHI MapaMeTpu pyXy CHapsaa,
HEOOXiTHUM € 3HaHHA Mi€l 3anexHocTi. Tomy Meroro
CTaTTI € BU3HA4YEHHs ()YHKLIOHAIBHOI 3aJIeKHOCTI Be-
JUYUHHE JIOOOBOTO OMOPY MOBITPS PYyXOBi CHapsga
OD-462)K, BumymeHoro 3 122-MM camoOXimHOi Tay-
6uni 2C1 3 BUKOPHUCTAHHSIM pe3yJbTaTiB €KCIIEpUMEH-
TaJIBHUX JOCIHI/DKEHb Ta CIIIBCTABJICHHS OTPUMaHMX
TEOPETHYHHX PE3yJIbTaTiB IONPABOK 3 HABEJICHUMH B
Tabmuisax ctpineo [12].

OCHOBHA YaCcTHHA

3riJiHO 3 MPOBEICHUMH TEOPETUUHNMH Ta EKCIIEpH-
MEHTAJILHUMH JIOCITIDKEHHSAMH BEJIUYMHA CUITH JIOOOBOTO
OTIOPY MOBITPSI PYXOBI Tijla CYTTEBO 3aJIEKUTH BiJ TOTO,
YH HOT0 MIBUAKICTH € HaA3BYKOBOIO, YH JO3BYKOBOIO.

VY nepmomy BHNAJAKY TOBITPS IIE€peA TiIOM YIIUIb-
HIOETBCSA 1 HOTO TYCTHHA Pi3KO 3pOCTaE, IO CIPHUIUHSIE
3HaYHE 3POCTaHHS CHJIM JIOOOBOTO ONOpY HOBITPs. Y
JpyroMy — HIBHUJKICTh 3BYKOBHX XBWIb OUIbIIa BiJ
MIBUIKOCTI CHapsiia i TOMY YIIUTBHEHHS TOBITPS Mepen
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HUM BIJICYTHE, a BEJMYMHA CHJIN JIOOOBOTO OIOPY
3MEHIIYETHCS.

Y cTarTi poO3MNISAJAETHCS 3OBHIIIHSA OallicTHKA
cHapsaga O®d-462X, sKIIO BUKOPHUCTOBYETHCS 3apsij
Tperiil. Bin 3a6e3medye moyaTKOBY MIBUIKICTH CHapsaa
334 wm/c, sika € MEHIIOI BiJ HIBHIKOCTI 3BYKY IpH
HOpManbHUX ymMoBax 340 m/c. [IponoHyerscs QyHKIiO-
HAJIbHY 3aJISKHICTh CHJIM JIOOOBOTO OIOPY MOBITPSI Bix
IIBUIKOCTI pyXy CHapsna Ta iHIINX [apaMeTpiB OMHUCY-
BaTH (HOPMYJIOIO

V—“’]ﬁ, )

- 2+y
R(t)=Cy pax(V (t))

Vs
ne C, — KoedillieHT, sIKUH BpaxoBY€ acpOAMHAMIYHICTh
dopMH cHapsana Ta HpPOHOpPLIMHOCTI; p, — IyCcTHHA
MOBITPs 1 HOTO BEJIMYUHA € 3MIHHOI; S, — MaKCHMaJb-
Ha IUIOIIA IMOIEPEeYHOro Mepepi3y CHapsjia € IUIOHIMHOIO,
HEepIEeHINKYISAPHOIO 10 #oro oci cumerpii; V() —
HMIBUJKICTh CHapsJa B JOBUIBHUI MOMEHT uacy; V. —
IIBUIKICTh 3BYKY B TIOBITpI, SIKa 3aJIC)KUTH Bifl ICBHUX
¢dakropiB; y i f — KoedillieHTH, 3HAYEHHS SKUX

BHU3HAYAIOTh, BHUKOPHUCTOBYIOUHU
EKCIIEPUMEHTAIBHUX JJOCIIKECHb.
Bubupaemo mouarok cucremu koopamHat Oxz y

pe3ynpTaTu

TOUIli BUJIBOTY CHapsna. Bick OX po3MilryemMo B Topu-
30HTI 30poi Ta CKEPOBYEMO B HaNpsIMKY L, a Bicb Oz —
BEPTHKAJBHO Bropy Bij LIEHTPY 3eMiri.

I'ycTHHY peYOBHHH BU3HAYAIOTh 3 PiBHIHHS

,0=V . (2)

PiBusinus Knaneiipona-Meneneesa Uisi TOBITPS
Ma€ BUTJTIA

py =T ©
Y7,
ne P — arMmocdepHHii THCK TOBIiTps, V — Horo 00’eM,
m — maca mnositps, Ry :8314'21—9,6 — yHiBep-
kmony- K

CajJlbHa rasoBa cralia, T — abconroTHa TeMIIEpaTypa
K2

noBiTpsi, W= 28,96 — YMOBHa MOJISIpHAa Maca

KMOJb
noBiTpsi. 3 piBHAHB (2) 1 (3) oTpuMaeMo, IO TYCTHHY
TIOBITPSl BU3HAYAIOTh 3 PIBHSIHHS
p(z) = PO @
RunT (2)
EkcriepuMmeHTanbHi  JOCIKEHHST CTBEPIKYIOTh,
IO TeMIeparypa MOBIiTPS 3MEHIIYETHCS B CEPEIHBOMY
Ha 0,6328°C i3 3miHoro Bucotu Ha 100 metpiB [1].
Tomy abcoroTHA TeMIIepaTypH MOBITPS 3MIHIOETHCSA i3
3MiHOIO BHCOTH BiJIMOBITHO IO PiBHSHHS
T(z)=TK-0,006328 z , (5)
ne TK — abcomoTHa Temrieparypa MOBITpS B TOYII
po3TamryBaHHs 30poi.
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MixnapoaHa 6apomeTpudHa (GopMysia BU3HAUCHHS
aTMOC(EPHOT0 THCKY 31 3MiHOIO BUCOTH IIPH YMOBI, IIIO
Ha piBHI Mops THCK zopiBHIOE 760 MM pT. cT. i
temneparypa nositps 15 °C, Mae Bursig

6,52 5,255
Preved B (6)
288000

Po (z):101325[1—

JIe Z BHCOTA HaJ piBHEM MOpPS i pO3MipHOCTI [Z]:i .
OCKUTBKH  pe3yNbTaTH EKCHEePUMEHTAIBHUX IOCTi-
JUKeHb TIpUBEJCHI mpu TUCKOBI 750 MM pT. CT., TOxi

criBBigHOIIECHHS (6) HAOye BUTIIALY

5,255
p(z)=101325(1_MJ ,
288000

Jie BeJIMUMHY ZP BHU3HAYAIOThH 3 PIBHSIHHS

(7

1
288000 750 \5,255
p=———"il{ —
6,5 760

i BoHa nopisaioe zp=111537 wm.

Bpaxosyroun 3anexsocti (4), (5) 1 (7), orpumaemo,
0 TYCTUHA TOBITPS 3MIHIOETHCS, 3aJI€KHO BiJ| BUCOTH
3a 3aKOHOM

5,255
(1) 101325 (1 6,5(z+zp)j Q)

R,,(TK—0,006328 )| 288000

[IBUAKICTE 3BYKY B ilealbHOMY T'a3i 3aJICKUTh Bij
foro Temreparypu i ii BelMYMHA BU3HAYAETHCS 3TITHO 3
hopmynoro

V- kR, T

S l

U

me k — mokasHmk amiabatw. [y TOBITPS ITOKa3HHUK

(10)

aniabaru nopiuioe K=1,4.

Bpaxosyroun (5) i (10), orpumaemo, mo mius
MOBITPsl 3MiHAa MIBUAKOCTI 3BYKY 3aJIe)KHO BiJl BUCOTH,
OITHIIETHCS 3aIEKHICTIO

V,(z)=20,048 (TK-0,006328 2)%°. (11

Ha ocnogi 3anexnocreii (1), (9) 1 (11) orpumaemo,
10 CHJIa OIIOPY IOBITPS PYXOBI CHapssia 3aJeXHO Bif
BUCOTH Ta IBUJIKOCTI MaTHMeE BHUTJISIT
_ 0,8, 4101325 (1 6,5(z+zp)j5’255><

288000

R(t)

un
(A0
20,048 #(TK-0,006328 z(t))***%F

[lig gac pyxy cHapsiia B MOBITPi Ha HBOTO JIOTh

(12)

cuiIH: Bara cHapsiia — P iy106oBwuii omip noBiTps — R .
Ha ocHOBi npyroro 3akoHy MWHAMIiKH 3aIHIIEMO
PIBHSIHHS
ma=P+R, (13)

ne M — Mmaca cHapsiga, d — HOro NMPUIIBUIICHHS.
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Ipoekryroun piBusHES (13) Ha OCi KOOpIMHAT
OTPUMAEMO

mX=—Rcos 4, (14)

mZ=-mg—Rsing, (15)
e ¢ =9,81J‘/ 5 — TPHUCKOPEHHs BiLHOTO MaiHHA
c

Tima, ¢ — KyT HaxWwiy HIBHIKOCTI CHapsay IO TOpH-
30HTY B JIOBUIEHHH MOMEHT 4acy.

4 —
z
V

=i

V()
&

el

v

Puc. 1. Cxema pyxy cHapsiAa B moBiTpi

BpaxoByrouy, 110

Vi wing Vo . .
cos azv, sm6?_V Vi (0)=x(t), V,(t)=2(t)

V=60 20 (16)
sanexuocti (14) 1 (15) HaGyayTs BurIALY
m)'('=_RVx (t) ’ (17)
V(t)
mé=-mg _R\\//ZT(:)) ’ (18)
abo
e CxSxk 101325 (1 6,5(Z+Zp)j5,255><
Run 288000
0,501+
- xwr+ew?] R (19)
20,048 #(TK-0,006328 z(t)):**# ’
m7=—mg—x>x4 101325 [1 6,5(Z+Zp)j5,zssx
Run 288000
v, . 0,5 1+ +ﬂ .
(kw2420 )40 (20)

20,048 #(TK-0,006328 z(t))*%#

OTxe, 1711 BU3HAYCHHS KIHEMaTHYHUX MapaMeTpiB
PyXy CHapsiaa HeoOXiZHO po3B’s3yBaTh cUCTeMY Aude-
peHmianbHuX  piBHAHL (19) 1 (20), BpaxoByrouu
MOYaTKOBI YMOBH:

X(0)=0, x(0)=Vycoser, z(0)=0 i z(0)=Vysina, (21)
ne V, — mouaTKkoBa WIBUIKICTH CHapsmy, O — KyT

MIPULLTIOBAHHS.

[lig yac mpoBeAEHHS EKCIIEPUMEHTAIBHIX JTOCIi-
JOKCHb OTPUMAaHI YHCIIOBI 3HAYCHHS, SKI HABEJCHI B
TaOIuII [12]: D -

CTpLIBOU FOpU30HTAJIbHA
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JajbHICTh, Ha fAKy 3AiHCHIOETbCA mocTpin; Vo, — mo-
YaTKOBa MIBUAKICTh CHapsa BHITYIIEHOTO 3 rapMarH;
O — KyT NpULITIOBaHHSA; 6, — KyT HiAX0Ay CHapsAaa 1o
T (HaXWry JOTHYHOI IO TPAEKTOPil B TOUIl PO3PHBY);
T, — TpuBamicTh noaboTy; V, — LIBUAKICTH CHapsja B
To4Li najfiHHs; Yy — BUCOTA TPAEKTOPII.

Ortxe, 6a3yrounch Ha 3Ha4eHHAX BenuduuH D, V),
a, 6., T., V. 1Y, BU3SHaUeHUX €KCIIEpHUMEHTAJBHO,
HEOOXiTHO po3B’s3aTH OOEpHEHY 3amady AWHAMIKH,
TOOTO BHM3HAUUTH (YHKIIOHAJIBbHY 3aJEXHICTh BEJHU-
YUHHU CHITH JIOOOBOTO OMOPY MOBITPS PYXy CHapsia.

OCKITbKY aHAJITUYHUHA PO3B’SI30K CUCTEMH THe-
peHmianpHUX piBHAHE (19) 1 (20) 3 mOYaTKOBUMHU
ymoBaMu (21) Ta BpaxyBaHHSIM pE3yJIbTATIB E€KCIIEpHU-
MEHTAJIBHHX JOCIIKEHb OTPUMATH IPOOJIEMAaTHIHO, TO
BH3HAYCHHs 3Ha4YeHb KoedirieHtis C,, y 1 f, ski
JIO3BOJISIIOTH OITMCATH CHIY JIOOOBOTO ONMOPY IOBITPS
NPy J03BYKOBIM HIBUIKOCTSIX CHapsja, 3IIHCHIOIOTH
METOJIOM iTepartii.

Po3risinemo amHaMiky pyxy cHapsjaa
OD-462K kaniopy 122 mm, 3apsaa TpeTiid, BUIyIIe-
HOro 3 camoxigHoi rayomni 2C1 npu mousoriii
TpaekTopii. BuxinHi 3HaYeHHS MmapaMeTpiB HACTYITHI:
m=2176 xe,

Maca CHapsjaa Kamibp d =122um,

IUIOIA TOMEPEYHOT0 Tepepizy 5=7-0,0611 2, THCK
noBitpst Pg = 750-mm pm com =99991,5/1a , Temnepa-
Typa nositps TK=288K .

[Ipn BUKOpHCTaHHI 3apsily TPeTHOro IMOYAaTKOBA

MIBUJKICTh cHapsna Vg =334 J% , 1 BOHa € MEHIIOK

BiJl LIBUIKOCTI 3BYKY B TOBITpi mpH HOro Temmneparypi
TK=288K . MeTonom iteparii BUOpanu Taki 3HAUYCHHS
BenmuuH: Cy =05, y=-0,259 i £=2,29, saki nosso-
WA OTPUMATH HE3HAYHY PO30DKHICTE MK KiHema-
TUYHUMHU TapaMeTpaMl pyXy CHapsjia, BH3HAUEHHX
TEOPETHYHMM 1 EKCTIEPUMEHTAILHIM METOAMH.

VY tabumuui 1: 6, — TeopeTHUHE 3HAYEHHS KyTa MiX
BEKTOPOM MOYaTKOBOI HMIBUAKOCTI CHapsja Ta TOPU30H-
ToM 30poi, BKa3aHWH B pafmiaHax; t, — TeopeTHIHE
3HQUECHHS 4acy MONBOTY CHapsAna, X, 1 Z, — Mpoekuil
IIBUJIKOCTI CHapsa Ha BIAMOBIAHI OCi KOOpPIWHAT Yy
MOMEHT Jacy t, ; 6, — TeopeTHyHe 3HAUEHHS KyTa MIXK
KIiHIIEBOIO IIBHIKICTIO CHapsijia Ta TOPH30HTOM 30poi,
BKa3aHUH B rpagycaX, Vi — TeopeTHYHA IIBHIKICTb
CHapsaa B MOMEHT OOHYIiHHA TpaekTopii; H — Teope-
TUYHa MaKCHMallbHa BHCOTAa MOJNBOTY CHapsima. Y

JTy’)KKaxX BKa3aHi BiIIIOBIIHI BEIMYMHH, BU3HAYCHI SKCTICPH-
MEHTABHUM HUTIXOM [12].
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AHamnizyloun pe3ynabTaTH, HaBeleHI B Tabimmi 1, TepeBakHO € B Mexax 1% mpu moJoriii TpaekTopii Ha
MOXKHa CTBEpJUKYBAaTH, II0 PO30DKHOCTI MDK TeopeTHd-  Bijjans, MeHury 7600 merpis;
HHUMH 1 €KCIIEPUMEHTAIILHIMU PE3YJIbTaTaMHU: - O PO30IKHOCTI, AJISL IESIKMX HapaMeTpiB, CIoCTe-
- KyTiB IIPHUIIUTIOBAHHS 1 TTAJiHHS, TPUBAJICTIO IOJIBOTY i PIrarOThCA MPH CTPIMBO1 Ha OLIBITY Bigmaib.
IIBHZIKICTIO CHAPSAA, MAKCHMAITLHOIO BICOTOO TPAEKTOPIi,

Tabauys 1
3HayeHHs TEOPETHYHHX i eKCIIepUMEHTAJbHUX KiHeMaTHYHHUX napameTpiB cHapsina O®-4627K kaniopy 122 mmMm,

BHIIYIIEHOI0 3 camoxianoi rayouui 2C1 npu mosorii cTpinb0i 3 BUKOPHCTAHHAM 3apsly TPEThOro, (CKOPOYEHMI BUTJIAN)

A, m 6, padian t,..C Xk’% 2y, ]% 0., epaoycie | Vi, J% H, m
200 0,008880 0,6031 | 329,32 -2,95 3 329,33 0,45
(0,009599) | (0.,6) (30" 328) | (0.4)
800 0,036551 2,4639 316,23 -11,99 2°10° 316,46 7,45
(0,037525) | (2,5) (2127 313) | (7.5)
1400 0,065836 4,4034 | 304,36 | -21,31 4°00° 305,11 23,8
(0,067195) | (4.4) (4°06”) 303) | (25)

2000 0,096860 6,4241 293,47 -30,97 6°01° 295,10 50,69
(0,098611) | (6.5) (6°06") 294) | (52)

2400 0,118576 7,8185 | 286,66 | -37,60 7°28’ 289,11 75,14
(0,120428) | (7.9) (7°30) 288) | (76)

2800 0,141178 9,2527 280,14 —44,40 9°01° 283,64 | 105,30
(0,142846) | (9,3) (9°00") 283) | (107)

3200 0,164731 10,7290 | 273,88 | -51,39 10°38’ 278,65 | 141,68
(0,166388) | (11) (11°00°) 279) | (143)

3600 0,189311 12,2503 | 267,82 —-58,57 12°20° 274,15 184,84
(0,191144) (12) (12°00%) (274) (186)

4000 0,215011 13,8203 | 261,92 | 65,96 14°08’ 270,10 | 23542
(0,216421) | (14) (14°00°) 270) | (236)

4400 0,241947 15,4436 | 256,15 —73,59 16°02° 266,51 | 294,17
(0,242892) | (15) (16°00°) (266) | (294)

4800 0,270269 17,1264 | 250,45 | -81,48 18°02’ 263,37 | 362,02
(0,270817) | (17 (18°00°) 263) | (361)

5200 0,300164 18,9765 | 244,79 —-89,67 20°07° 260,69 | 440,06
(0,300197) | (19) (20°007) (260) | (439)

5600 0,331883 20,7045 | 239,09 | -98,20 22°20° 258,47 | 529,72
(0,331613) | (21) (22°00°) @57) | (527)

6000 0,365771 22,6250 | 233,30 | -107,13 24°40° 256,72 | 632,87
(0,365356) |  (23) (25°00°) @255) | (630)

6400 0,402310 24,6585 | 227,33 | -116,54 27°08’ 255,47 | 752,05
(0401717) |  (25) (27°00°) 253) | (750)

6800 0,442231 26,8363 | 221,06 | —126,58 29°48’ 254,73 | 891,02
(0,441568) |  (27) 30°00°) | (251) | (890)

7200 0,486720 29,2092 | 214,28 | 137,46 32°41° 254,58 1055,7

(0,486947) |  (29) (33°00°) (250) | (1060)

7400 0,511288 30,4946 | 210,61 | -143,32 34°14° 254,75 1150,7

(0,512545) |  (31) (35°00°) (250) | (1160)

7600 0,537951 31,8696 | 206,67 | —149,57 35°54° 255,11 1256,8

(0,541052) |  (32) (37°00°") 250) | (1270)

7800 0,567399 33,3635 | 202,34 | -156,33 37°41° 255,70 1377,2

(0573341) |  (34) (39°00°) (250) | (1410)

8000 0,600832 35,0275 | 197,45 | -163,82 39°41° 256,56 | 1517,7

(0,611447) |  (36) (42°00°) 250) | (1570)

8200 0,640689 36,9654 | 191,60 | -172,49 42°00° 257,81 1689,7

(0,663807) | (38) (45°00°) (251) | (1800)
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I'padix 3MiHM BETUYMHH CHIIM JIOOOBOTO OTOPY
nositps R(t) pyxosi capsaa npu crpinsbi Ha Biggaib
7000 meTpiB 3aJexHO BiA TpUBajJoCTI pyxy t mpen-
CTaBIICHO Ha puc. 2. PO3MipHOCTI BeTHINH
mactymui: [R]=# i [t]:c.

200
150
R(t) 100

50

20 30

Puc. 2. T'padix 3MiHN BeJTHYHHH CHJIH JI0DOBOT0 OMOPY

Y movatkoBHii MOMEHT 4acy BEJMUYMHA CHIIH JI00O-
BOT'O OIIOPY € MakcuManbHOIO 1 fopisaioe R(0) =173,4 1 .

MiHIMaJILHOTO 3HAYE€HHS BOHA OCSITA€ B MOMEHT
gacy t=18,4c i R(18,4) =44,5u . Ilicna mporo MOMeHTY
Yacy BeJIMYMHA CHIIM ONIOPY 3pOCTaE.

BB 3MiHM TeMmepaTypH IOBITps Ha AWHAMIKY
pyXy cHapsga € CyTTE€BUM. Ii 3pocTaHHs 36imblrye
TPHUBAJICTh 1 MANBHICTh IOJBOTY CHapsga Ta Ioro
MIBUJKICTh pyxy. Y Tabmumi 2: 6 — 3Ha4eHHA KyTa

OPUILUIIOBAHHA; X, — KOOPAUHATAa TOUYKH OOHYIIHHS
TPAEKTOPIi; AXyheo — BEIMUYMHA HOIPABKU, BU3HAUEHOI
TEOPETUYHO; AXigp — 3HAYCHHS IONPABKU BKa3aHE B

Tabmusx ctpins6ou [12]; t °C — remmeparypa moBiTPsL.

AHani3yloun 3HAU€HHs BEJIWYMH, NPHUBEACHHX B
Tabnuui 2, MOKHA CTBEPJKYBATH, IO BEIWYMHH Tal-
JUYHUX MOTIPABOK 110 MOIYIIIO, € 3HAYHO OUTBITUMHE Bij
3Ha4eHb MONPABOK, BU3HAYCHUX TEOPETUYHO IIPH CTPiJlb-
01 Ha Bimmams, MeHiry 6000 metpis. Ilpu cTpinndi Ha
OiNmBIIY Bigmamp MarOTh MicIle PIBHOCTI BETHYHMH IIOTIpa-
BOK IIPH IIEBHUX TEMIIEpaTypax, MpoTe B OLIBIIOCTI

noBiTpst BUIIAJIKax, PO301XKHOCTI 30epiraloThCs.
Tabnuys 2
JaabHicTh MOJIBOTY CHApsiAa NPH Pi3Hiil TeMnepaTypi NoBiTPs Ta 3HAYEHHS BeJIUYUH NONPABOK (CKOPOYEHHUI BUTJIST)
60,pa0 | t°C | 25°C |-15°C | -5°C | 5°C |15°C|25°C | 35°C
0,215011 Xk 3812 3864 3913 3958 | 4000 | 4039 | 4075
AXtheo | —188 -136 -87 —42 0 39 75
(0,216421) | aX@p | —224 -168 -112 -56 0 56 112
0,270269 Xk 4547 4617 4682 4743 | 4800 | 4853 | 4903
AXtheo | —253 -183 -118 -57 0 53 103
(0,270817) | aXwp | —280 -210 -140 -70 0 70 140
0,331883 Xk 5278 5366 5449 5527 | 5600 | 5668 | 5732
AXtheo | —322 —234 -151 —73 0 68 132
(0,331613) | aXin | —336 -252,0 | -168 -84 0 84 68
0,365771 Xk 5641 5740 5832 5919 | 6000 | 6076 | 6148
AXte | —359 —260 -168 -81 0,0 76 148
(0,365356) | aXw | —360,0 | —270,0 | —180,0 | —90,0 | 0,0 90,0 | 180,0
0,402310 Xk 6004 6112 6214 6310 | 6400 | 6485 | 6564
AXtheo | —396 —288 -186 -90 0 85 164
(0,401717) | aXwp | —388 -291 -194 -97 0 97 194
0,486720 X 6727 6856 6978 7092 | 7200 | 7302 | 7397
AXtheo | —473 —344 —222 -108 | O 102 197
(0,486947) | sXw@p | —436 -327 -218 -109 | O 109 218
0,600832 X 7448 7598 7740 7874 | 8000 | 8119 | 8232
AXtheo | —952 —402 —260 -126 | 0 119 232
(0,611447) | sX@p | —480 -360 —240 -120 | O 120 240
BucHoBknu

Ha ocHOBi MaTemMaTH4HOI MOJIENi, ONMCAHOI y CcTaT-
Ti, BUKOPHUCTOBYIOUH PpE3YJIBTaTH EKCIICPHMEHTAIbHUX
JIOCHI/PKCHb, BU3HAYA€ThCA (DYHKIIOHANBHA 3AJICKHICTH
MDK BEJTMYHUHOIO CHJIH JIOOOBOTO OTIOPY TTOBITPSI Ta IIBH/I-
KICTIO CHapsiJia, TEMIIEpaTypolO MOBITPsl, aTMOC(hEpHUM
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THCKOM, IIBHKICTIO MOMIMPEHHS 3BYKY y MOBITpi. Buko-
PHCTOBYIOYH 1[}0 3aJIOKHICTh, MOXKHA BU3HAYATH BILIUB
3MiHM IUX BEJIWYMH Ha KiHEMAaTWYHI MapamMeTpu pyxy
CHaps/a, a TAKOXK iX 3aJIeKHICTh Bi TyJbHOI MIBUAKOCTI,
BEJIMYMHM KyTa MPHUIUTIOBAHHS, IIBUIKOCTI BITPY TOIIIO.
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Buemnsisi THHAMHKA 0CK0JKOBO-yracuoro cuapsiza Od-462K
ILIT. Tkauyk, I.B. l'opunncekuii, JI.J{. Bennuko

Ha ocnose npeonodicennoii asmopamu QyHKYUoHANIbHOU 308UCUMOCTIU 8EIUYUHBL CUTBL I0D0B020 CONPOMUBTIEHUS 8030YXd
O0BUICEHUIO CHAPAOA OM €20 CKOPOCMU, MACCHl U KAIUopa, memnepamypsl u nIOmMHOCMU 6030yXd, AMMOCHepHO20 0asneHus,
CKOPOCMU 368YKa 8 8030YXe UCCIeOYEMCs UX GIUAHUE HA BHEWHION OANIUCMUKY cHapsaod. YHKYUOHANbHAS 38UCUMOCTb, NO NPU
0OUHAKOBYIO OPMY 3aNUCU NPU OBUNCEHUU CHAPAIA CO C8EPX3EYKOBOU UM D036VKOBOU CKOPOCMAMU, UMEEm PA3Hble 3HAUEHUs.
onpeodeneHHbIx Ko3uyuenmos. [ns ux onpeoenenus pewaemcs 0Opamuas 3a0aia OUHAMUKY, O eCMb, OCHOBbIBAACL HA
PE3YILIMAMAX IKCHEPUMEHMATbHBIX UCCIe008AHUL, 0151 OAHHO20 MUNA CHAPAOd, MemoOOM NOCAEO08AMENbHBIX NPUOIUNCEHUL
noobuparomcsa ux 3Havenus. B danvHeliuem, Ha OCHOBe Yoce ONpeOeNeHHOU (YHKYUOHATbHOU 3A8UCUMOCTIU BETUYUHBL CUTbL
710608020 CONPOMUBILEHUS 8030YXA OM IMUX NAPAMEMPO8, UCCIEOVEMcs UX GIUsHUE HA KUHEMAmuyecKue napamempuvl O8U-
JICeHUst CHapA0a 8 6030yxe.

Knrouesnvie cnosa: apmunnepus, enewnas Oaiucmuka CHapsa008, cunda 10606020 cONPOMuUeieHus 6030yxa, memnepamypa
6030yxa

EXTERNAL DYNAMICS OF OF-462Z HE PROJECTILES
P. Tkachuck, 1. Horchynskyi, L. Velychko

Theoretical studies of the determination of the components of the air resistance forces to the projectile's propulsion are
quite complex and do not always give the desired accuracy of calculations. Therefore, the main methods for their determination
are experimental studies. The most common method is to conduct special firing at landfills. This allows us to estimate the
integral value of the air resistance forces and to determine the value of certain parameters of the dynamics of projectile
movement. Based on the results of the firing range and theoretical studies, tables of firing on ground targets by artillery shells
were constructed. In the case of firing under conditions other than normal, corrections must be made. Formulas for determining
their values, are obtained, preferably, by decomposing the corresponding dependences into a numerical series taking into
account its first terms. If the values of the parameters change slightly, then the values of the amendments give little discrepancy
with the practice of their application. However, otherwise, the differences become significant.

In this article a mathematical model for determining the functional dependence of the magnitude of the frontal air
resistance force of the projectile on its velocity, mass and caliber, temperature and density of air, atmospheric pressure, speed of
sound in air is investigated and proposed by the authors. Functional dependence has the same form of recording when a
projectile moves with supersonic or subsonic speeds, but the values of their coefficients are different. To determine their values,
the inverse dynamics problem is solved, that is, knowing the results of experimental studies for this type of projectile by the
method of iteration, their values are selected.

© ILIIL. Tkauyk, I.B. T'opuuncskuit, JI.J[. Bennuxo
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Based on the proposed mathematical model kinematic parameters of the movement of HE projectiles OF-462Z 122 mm
caliber were determined and the values of the corrections if the air temperature is different from the standard were obtained.

Therefore, the proposed mathematical model of determining the functional dependence of the magnitude of the frontal air
resistance force of the projectile’s movement allows us to investigate the influence of deterministic and non-deterministic factors
on the kinematic parameters of the motion of the projectile that is to determine the magnitude of corrections and to create the
appropriate software.

Key words: artillery, external ballistics of projectiles, frontal air resistance force, air temperature.
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'Hetman Petro Sahaidachnyi National Army Academy
Danylo Halytsky Lviv National Medical University

FUSION OF VISIBLE AND INFRARED IMAGES VIA COMPLEX FUNCTION

We propose an algorithm for the fusion of partial images collected from the visual and infrared cameras such
that the visual and infrared images are the real and imaginary parts of a complex function. The proposed image
fusion algorithm of the complex function is a generalization for the algorithm of conventional image addition in the
same way as the addition of complex numbers is the generalization for the addition of real numbers. The proposed
algorithm of the complex function is simple in use and non-demanding in computer power. The complex form of the
fused image opens a possibility to form the fused image either as the amplitude image or as a phase image, which in
turn can be in several forms. We show theoretically that the local contrast of the fused phase images is higher than
those of the partial images as well as in comparison with the images obtained by the algorithm of the simple or
weighted addition. Experimental image quality assessment of the fused phase images performed using the
histograms, entropy shows the higher quality of the phase images in comparison with those of the input partial

images as well as those obtained with different fusion methods reported in the literature.
Key words: digital image processing, image fusion, infrared imaging, image quality assessment

Introduction

The fusion of images is the synthesis of an image
by a combination of data from several partial images,
which carry different information about the same scene.
Partial images can be obtained either by the same camera
(most often visual CCD-camera) collecting images at
different conditions (such as focusing, direction of
observation, time moment) or by different detectors
registering signals of different nature (electromagnetic
or ultrasound waves in transmitting or reflecting modes,
distribution of temperature, pressure or other physical
parameters) or signals of the same nature, most often
electromagnetic waves in different regions of
electromagnetic spectrum: y-rays, X-rays, UV, visible
(Vis), infrared (IR) light, radio-waves. Up to date, there
is no universal material, which can be effectively used
as a sensor of signals in the whole electromagnetic
spectrum. For different spectral regions, one uses detectors,
working on different physical principles. Consequently,
the fusion of analogous images from different spectral
regions is hardly achievable, especially taking into account
that until recently analogous pictures were obtained in

the form of a paper or film photograph, obtained by the
chemical development process or as an image on a
scintillation monitor. Although up to date still there is
no universal detector capable for covering whole
electromagnetic spectrum, remarkably, nowadays for all
the electromagnetic regions there are detectors designed
in a form of pixel matrix of sensing elements such that
in response to the irradiation by the electromagnetic
wave each pixel produces own electrical signal.
Therefore, an image can be electronically saved in
the form of a computer file. Digitalization of pixel electrical
signals drastically changed the situation in imaging,
becoming a basis for different operations with images
that now are covered by the term the image processing.
In digital pixel format an image, called the electronic
image, is presented by a pixel table of brightness values
for the detectors working in different spectral regions.
The importance of the electronic format of imaging is
hard to overestimate. The fusion of images is one
among many other possibilities in image processing,
which became possible and handy due to the electronic
format of imaging. Importantly, due to the electronic
format, the image processing can be done “a la source”,
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