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EXTENSION OF THE UNIQUE INTERVAL OF RECOVERY OF THE INITIAL PHASE OF A SIGNAL OF A
THREE-CHANNEL TWO-FREQUENCY COHERENT RADAR

Z. Hrabchak, Yu. Kosovtsov

The article reveals the theoretical and practical provisions for ensuring the unambiguity of determining the initial phase of
the radar signal, which, unlike the known ones, allows expanding the unambiguity interval of a multi-channel and multi-frequency
coherent radar to tens of meters with radar sounding in the centimeter range with frequencies of the order of 10 GHz.
Procedures have been developed to ensure the unambiguity of determining the initial phase of the radar signal by determining
the phase difference behind different frequencies of the transmitting channels of a three-channel two-frequency station. A mathematical
model is obtained for the formation of the phase difference behind different frequencies of the transmitting channels of a three-
channel two-frequency station. The mathematical model makes it possible to find the coordinates of the projectile for the phase
difference data for different frequencies of the station's transmitting channels. The procedures for restoring the total phase
difference behind the known quadrature components of the signal of a three-channel two-frequency station are disclosed.
Analytical dependencies for calculating precision values of projectile flight coordinates based on phase difference data for
different frequencies of the transmitting channels of a three-channel two-frequency station have been developed and studies of
the accuracy of their calculation have been carried out. To assess the accuracy of determining the coordinates of the flight of the
projectile, a numerical simulation of the calculation of their absolute error for different values of the projectile flight speed and
angle of throw was carried out. As reference values of projectile flight coordinates, the data obtained by solving the
mathematical model of the spatial motion of the OF-540Zh projectile of the 152-mm self-propelled howitzer 2S3M were used. It
is shown that the potential accuracy of calculating the projectile flight coordinates is based on the data of measuring the
quadrature of the phase difference of radar signals of a coherent radar with continuous monochromatic radiation for different

values of the flight speed and angle of the projectile is within (10‘6 +1O‘1°) m.

Keywords: projectile, radar signal, radar station, total phase, quadrature components, frequency, projectile flight coordinates,
antenna, modeling.

V]IK 623.546 DOI: https://doi.org/10.33577/2312-4458.26.2022.22-27

[LIT. Tkauyk, JI.JI. Bennuko, M.1. BoiitoBuu, M.1. CopokaTuit

Hayionanvua axkademis cyxonymuux giticok imeni cemovmana Ilempa Caeatioaunoeo, Jlvsis
Article history: Received 04 February 2022; Revised 08 February 2022; Accepted 2 May 2022

BILJINB BIXWJIEHDb IOYATKOBOI HIBUJIKOCTI CHAPSIJIA HA KIHEMATHKY
CHAPSIJIA

Y pobomi euxopucmosyemvcsi mamemamuuna MoOeb GU3HAYEHHs! CUU 10008020 ONOPY NOGIMps. PYXOsi
cHaps0a, saKa 6azyemvcsi Ha po38 s13y6anti obepnenol 3adaui ounamixu. 3narouu darbHocmi iemy cHapsda npu
HeBHUX KYymax Npuyinio8anisl, Ha6eOeHux 8 mabauysx cmpinbb, 6USHAYAEMbCs PYHKYIOHANbHA 3ANEANCHICMb CUU
10606020 ONOPY NOGIMPS PYX0GL CHAPAOA 6I0 U020 WEUOKOCME MA THUUX YUHHUKIG, MAKOIC 3 8PAXYSaHHAM Oil Ha
cHaps0 1ozo eazu i Kopionicoeoi cunu. Bcmanosneno, wo 6 3aiedcHocmi 6i0 Kyma Npuyilio8anHs weuoKicmo
cHaps0a nio uac Jjiemy modice nOEOHY8amu emanu pyxy 3i WeUOKOCHAMU HAO38YKOB0I0, NiO38YKOBOI0, 00368YKOB0OI0
CcnaoHoio abo 3pocmarouoio. JlocniodxceHo nius i0XUiIeHb NOYAMKOBOL WUEUOKOCMIE 610 HOMIHANbHO20 3HAYEHH s OJisl
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cHapsoa OD-462K, sunywenozo 3 122-mm eayouyi /[-30, 3aps0 nepuui. Bcmanosneno, wo eequdunu 3miljeHs
KOOPOUHAMU MOYKU OOHYIIHHA MPAEKMOPIL pYXy CHAPAOd, BUSHAYEHUX HA OCHOGI 3aNpPONOHOBAHOT MaAMEMAMUYHOT

Mooeri, € R0 MOOYIIO Maiidice OOHAKOSUMYU NPU 8IOXUNIEHHT NOYamKo6oi weuokocmi Ha AV ; mabauyni 3Hauens

3MiWeHb MOYKYU OOHYIHHA MPAEKMOPIL, NEPEBAdICHO, € OLILUUMU N0 MOOYIIO 8i0 MeOPemUYHUX; Hatbibwa po3oiic-
Hicmo misic Humu € npu kymi npuyiniosanns 45°00°; eusenenus, AKi 3 6eaUUUN 3IMIUCHD MEOPEMUYHI YU MAOTUYHI
8i0N06I0ArOMb PeanbHOCi, MOJNCIUBE NPU NPOBEOEHHT NONIOHHUX OOCTIONCEHD.

Kniouosi cnosa:. 306uiwnsa 6anicmuka, cuia 10606020 0OnNOpy NOGIMps, NOYAMKOBA WEUOKICMb CHAPAOd,

banicmuuni nonpagku

IHocTanoBka nmpodJjemu

OmHi€r0 3 FOJIOBHKX 3aad MPH CTPUILOI 3 rapmar
Ta rayOuIlb € BCTAHOBJICHHSI B3a€EMO3B’S3KY MiX KyTOM
NPUIUTIOBAHHSA Ta MICLEM pO3TalllyBaHHs 0. Bin
3aJIeKHUTH Bin aerepminoBanux (popmu i Macu cHapsina,
T'YCTUHU 1 TEMIIEpaTypH MOBITPs, aTMOC(HEPHOTO THCKY,
JiepuBallii), HeleTepMiHOBaHUX (MMOYAaTKOBOI HIBUIKOCTI
CHaps/a, BEJIWYMHU | HATMPSAMKY IIBHIKOCTI BIiTpY) Ta
IHIIMX YMHHUKIB. Y pe3yibTari HOMIOHHHUX JOCHIIKEHb
copmoBaHi TabnuI cTPLIBO IS KOXKHOTO TUITY 30poi
Ta BIJOBIJHOTO 3apsay. Y HHX IPEACTaBJIeHa AUCKPETHA
3aJICKHICTP MDK KYTOM TMPHIIITIOBAHHS Ta NAIBHICTIO
CTpUILOM MTpH HOPMATBHUX yMOBax. OHAK, IEPEBAXKHO,
cTpinp0a BeneTbcs NpH Pi3HUX 3HAYCHHSIX JCTePMiHOBA-
HUX 1 HEZCTepMiHOBAHNX YMHHHUKIB Ta B I[iIb, KA PO3-
TalllOBaHa Ha JOBIIBHMX BlQJajl Ta BHCOTI. 3axada
Teopii MOMPaBOK TOJISATAE B TOMY, 00 BH3HAYATH Mapa-
METpU PyXy CHapsia B IOBITpi MpH peaTbHUX YMOBaX
CTpLILOH, TOOTO B HEOOXIHOCTI BpaXyBaHHS BiIXUIICHb
JICTEPMIHOBaHUX 1 HEJAETEPMIHOBAHUX YMHHUKIB BiJ
TaONMYHKUX 3HA4eHb Ta HOPMAalbHHX YMOB IIPH BHU3HA-
YeHHI KyTa MPUITIOBAHHSI.

AHaJi3 1ociaigxeHb i nydaikamii

VY noBoni BenukoMy 00’eMi Gibmiorpadiuna iHpOp-
Malrlist Ta OCHOBH TEOPETHYHUX JIOCHI/DKEHb 30BHIIIHBOT
0aJiCTUKM KyJlb Ta CHapsiB BUKIAJEHI, HAIIPUKIIAJ, B
poborax [1-5]. YV HuX Ta iHIIMX HAYKOBUX CTATTsIX [6-8]
cuiia 1000BOTO OIOPY MOBITPS ONMHMCYETHCS 3AIEKHICTIO

2 2
V< zd“ . \Y
RV I [V, ()
2 4 Vg
me R — cuma moGosoro oropy ToBiTpst, V — MBHIKICTH
cHapsjaa, P — IyCTHHA MOBITps, Vg — IIBUIKICTb 3BYKY

B noBitpi, d — KaniOp cHapsma, | — xoediuieHt popmu

Vv .
CHapsiaa, Cy vl eTaloHHa (PyHKLIis JIOOOBOTO OIOpY.

S

2
vV . .
Benuuuny ’DT, y popmymi (1), Ha3UBaOTH AUHAMIY-

HUM THCKOM.

[py BU3HAYEHHI MOMpPABOK JIs JAJIBHOCTI CTPLUIHOH
BBXKAETHCS, MO BIAXWICHHS BEJIMYMH JCTCPMIHOBAHUX
1 HEIETCpPMIHOBAaHUX YMHHHKIB BiJl 1X NMECBHUX 3HAYCHb,
JUTSL SIKAX JTATBHICTH JICTY CHapsi/ia BiJIoMa, € He3HAYHUMU.

OCKUIbKM OCTaHHS € HENepepBHOI (DYHKIE Bil YMH-
HHKIB, TO 3 JIOCTATHBOFO JUIS MPAKTHKY TOYHICTIO MOXKHA B
psni Teitopa BpaxoByBaTH JIMIIE BEIMYMHHU IEPIIOTO
HOPSZIKY MaJIOCTI.

Hanpuxinaz, npupicT AajbHOCTI JIETY CHapsaa Mpu
3MiHI HOro MmOYaTKOBOI MIBUAKOCTI V( Ha BEIHYUHY

6V B OE3MOBITPIHOMY HPOCTOp] BU3HAYAIOTh, BUKOPHUC-
TOBYIOUH (hopmyiy [2]

_ Vpsin26,

5XC - é\/O )

a TIOBHY JaJIbHICTb JIETY CHapsiia

2V,sin20
X Vo +Vg)=xc (Vo) +—2——28Vq,

(2
Je OX; — IPHUPICT NANbHOCTL JeTy cHapsaga, 6y — KyT
KuJaHHs, OVy — HpUpiCT NOYaTKOBOI IIBMIKOCTI,
X (Vg +0Vg) — noBHa nanbHICTh JIETY CHapsa.

IcHy!OTh eKcliepUMEeHTAIbHI BU3HAYEHHSI MOIPaBOY-
HOro Koe(ilLli€HTY, 3HAUCHHS IKOrO BUKOPUCTOBYIOTh st
BU3HAYCHHS MPUPOCTY AAIBHOCTI JIeTy cHapsiaa. Hampuk-
JiaJl, TOTIPaBOYHUI KOS(IIIEHT A1 IBUAKOCTI BU3HAYA-
F0Th, BUKOPHCTOBYIOUH CITiBBIHOIIICHHS

e _ X% (Vo+AVp)—Xc (Vo —AVy)
EYA 2.4V,

ne Xe (Vg+AVyg) i X (Vg—AVy)— nanbHoCTI JeTy cHapsina
BH3HAUYCHI EKCIIEPUMEHTAIIBHO, SKIIO HOro MOYaTKOBY
HIBUJIKICTh 3MiHIOBAJIM Ha BeIUUUHY AV, a BEIUYUHU
BCiX IHIIMX YMHHHKIB He 3MiHroBamu [2]. Toai mpupict
JABHOCTI JIETYy CHapsna IPH 3MiHi ITOYaTKOBOI IIBHI-
KOCTI Ha BeIMYMHY OV(; BU3HAYalOTh, BAKOPUCTOBYIOUH

(opmymy

a TIOBHY JaJIbHICTG JIETY CHapsiaa

OoX
Xc (Vo +0Vg)=X¢ (Vo)+—avC N 3)
0

TeopeTuuHuii BUBIA MONPAaBOYHUX (OPMYIT IS
OLITBIIOCTI IETEpPMIHOBAHKX 1 HEIETEPMiIHOBAaHUX YMHHHKIB
3 BpaxyBaHHSIM OIOPY IOBITPs JOBOJI MPOOIeMaTH-
HUH 1, TIEpeBaXKHO, 3MIHCHEHHUIA 3 TICBHUMHU OOMEKEH-
HSIMH.
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Bukopucranus Tabmunb CTpubOM 103BOJISE BHU3HA-
YaTH KyT NPULITIOBaHHSA Ta KYT IOBOPOTY IIPH KOH-
KPETHUX 3HAYCHHIX JCTEPMIHOBAHHMX 1 HEACTECPMIHO-
BaHMX YMHHIIKIB, SKi HABEICHI B TAOIIIIIX cTpUThO. OmHaK
cTpinp0a He 3aBXKIU BEACThCS MIPH HOPMAIBHIX YMOBaX
Ta TaONMMYHUX 3HAYCHHSIX YMHHUKIB. ToMmy € HEoOXis-
HICTh BH3HAUCHHS BEJMYUH ITONPABOK Ui JAIbHOCTI
CTpLILOM Ta KyTa JOBOPOTY, OOYMOBICHUX HECTAHIAPT-
HUMHU YMOBAaMH Ta BIIXWIICHHSM 3Ha4eHb YMHHUKIB BiJ
BKa3aHMX y TaOJIuIli.

VY CcTaTTi BUKOPUCTOBYETHCS MaTeMaTHYHA MOJIETb
BU3HAYCHHS CWJIM JIOOOBOIO OIOPY IMOBITPS PYXOBI
cHapsija, ska 0a3yeTbcs Ha PO3B’s3yBaHHI OOEPHEHOT
3amaul guHaMmikd. ToOTo, 3HArOYM 3HAYEHHS JAJIbLHOCTI
JIeTy CHapsJa NMpu KOHKPETHHX KyTaX HpHIiIIOBAaHHS,
BU3HAYAETHCSA CHJIa JIOOOBOTO OMOpY IOBITpS, sKa 3a-
Oesmnedye JANBHICTD JIETY CHapsiga Ha BKa3aHy BiIoajb
TIpY BpaxyBaHHI JIii Ha cHapsy Horo Baru Ta Kopiomico-
Boi cuian. OCKUTBKM cmiia JIOOOBOTO OMOpY HOBITPS
3aJIeXHUTh BiJ MBUIKOCTEH CHapsaa i 3BYKy B MOBITpi,
T'YCTHHH IOBITPsI, TO MOKHA BU3HAYHTH BIUIMB LIHX Ta
TIOB’sS3aHMX 3 HUMH YMHHUKIB Ha JANBHICTB JIETY CHapsIa.
Hanpukian, MoXHa BH3HAYHMTH BIUIMB BiJXHJICHHS I10-
YaTKOBOi IIBHIKOCTI CHapsga Bixg ii HOMIHAJIBHOTO
3HAYEHHsl Ha IaJIbHICTH JIETY CHapsia i HOro KiHnema-
TUYHI TapaMeTpu pyxy Ta 3IIHCHUTH MOPIBHIBHUNA
aHaJIi3 TeOPETHYHUX 1 TAOIMYHHUX PE3YJbTATIB.

BuxJiag ocHOBHOro Mmarepiany

ExcriepuMeHTabHI OCTIPKEHHS, HaBEICHI B po0O-
Tax [4, 5], Ta TeopeTWuHi OMpaIfOBaHHS ABTOPAMH
3HAYCHb, SKi HABEACHI B TAONMIIIX CTPLIHO, O3BOJIIOTH
CTBEP/DKYBATH, 1110 CHJIA JIOOOBOTO OMOpPY MOBITPSI pyXOBi
CHapsiia 3aJIeKUTh BiJI XapakTepy MIBUIKOCTI — PyXaeThCs
CHapsi/1 3 HAZ3BYKOBOIO 200 ITiI3BBYKOBOIO UM JI03BYKOBOIO
IIBUIIKOCTSMHU.

OTxe, i 9ac pyxy CHapsaa B HOBITPI MOXKIIHBI
KoMOIHaIT MO HAHHS €TAITIB;

- PyX CHaps/a 3 Ha3ByKOBOO HIBHIKICTIO;

- PyX CHapsiaa 3 Mia3BYKOBOO IIBU/IKICTIO;

- PyX CHapsizia 3 J03BYKOBOIO IIBUIKICTIO 1 BiJl €MHIM
MPUILIBUIIICHHSIM;

- PyX CHapsiia 3 I03BYKOBOIO INBUJIKICTIO 1 TOAaTHUM
MPUILIBUIIIEHHSIM.

VY BUmNajKy, KOJIM IOYATKOBA IIBUAKICTH CHapsa
OisbIla BiJ IBUIIKOCTI 3BYKY B MOBITPI, TO MiJ| Yac pyxy
CHapsJa B TOBITPI IpU PI3HUX KyTax MPULITIOBAHHS
MOKJIMBA HAasIBHICTH OJJHOIO, JBOX 1 OLJIbIIIE €TaIliB 3MiHU
IIBUJIKOCTI CHapsIa.

ToMy MpOMOHY€EThCSI BW3HAYATH (DYHKIIOHATBHI
3aJIGKHOCTI BEIMYMHHM CHJIM JIOOOBOT'O OIOPY HOBITPs
PYXOBI CHapsiia JuTst KO>KHOTO 3 eTamiB 30kpema. Ha mux
eTamax OyIeMo OMCYBaTH 3aJISKHOCTI (POPMYIIOr0

26 /2022
R(t)= CySy tg101325 615(Z+Zp) 5,255
Ryn(TK-0,006328 2) 288000
(v (t))>7ith
kiR o055 @
“a7un (1K -0,006328 2))
Ha

Je Cy — KoedilieHT, IKIH BPaXOBYE aepOAHMHAMIUHICTh

dbopMu cHapsa, MpHU HOro MOB3AOBKHBOMY OOTiIKaHHI

NoBiTpsIM, i mponopuiitHocTi; Mg = 28,96KS KMOTb

YMOBHa MOJISIpHA Maca IIOBITpS;, Sy, — MaKCHMalbHa

ioma HONEPEYHOTO nepepisy cCHapsja,
Jlorc .
Run =8314———— - yHiBepcanpHa raszoBa craia,
kmons- K
TK - a6comoTtna TemmepaTypa MOBIiTpsS B TOuIi

posramyBands 30poi, zp=111537 m - 3navenns
BEJTMYMHE OOYMOBJIEHE THM, 110 TAOJMYHI 3HAYEHHS Ha-

BefeHi npu THcKy 750 MM pr cT., k=14 - mokasHuK
amiaGatu mms mositpsa, V(1) — mBumakicTs cHapsga B
JTOBUTHHHUI MOMEHT 4acy; Z— BHCOTa HaJl piBHEM 30poi i
PO3MIpHICTH [Z]= M, ¥i 1 Bj — Koe]ilieHTH, 3HAUEHHSI
SIKHX € PI3HAMHY TIPA HAI3BYKOBIH, MiI3BYKOBIH, JO3BYKO-
BHX CIAJHIA Ta 3pOCTalO¥iil MBHIKOCTIX. Meroanka
BU3HAUYCHHS 3HAa4eHb KOedillieHTiB yj 1 S aHamoridHa
omucaniii B crarri [9].

B sikocti mpukianmy Ajisi aHanizy BIUIMBY 3MiHH
IMOYATKOBOI IIBUAKOCTI Bijg il HOMIHAJLHOIO 3HAYEHHS
pPO3MISLIAETEC TUHAMIKa pyxy cHapsga OD-4620K,
BUMyIIeHOTo 3 122-MMm rayouni /[-30 mpu HOpMambHHX
yMOBaXx.

Slkmio 3apsim mepumii, TO MOYATKOBA IIBUIKICTH

cHapsijia JiopiBHIOE Vp = 493/% . TTpu c1pin6i 3 Kyramu

npunimoBanus 10 0p<3°19" (nanpHicTs CTPLILOH 3MiHIO-
etbest B Mexkax Big 200 mo 2400 metpiB) MIBHAKICTH
cHapsita Oyne Bech dac Hala3BykoBa. Ha mpomy erari
pyXy cHapsja 3HaueHHA koediuientiB y;=-0,0834 i

p1=—01792. MakcumanbHe MO MOZIYNIO BiIXHICHHS

TOYKHA OOHYJIHHS TpPaeKTOpii BiJ BKa3zaHOi B TaONHIIX
crpins6 [10] mopisHioe 6,4 MeTpa.

IIpy  kxyrax  OpPULITIOBaHHA B  MeEXax
3°42'<0,<15°28' (mampHICTH CTPiTBOM 3MIHIOETHCS B
mexax Big 2600 mo 7000 MeTpiB) criocTepiraeThest aBa
erany 3MiHM MBHAKOcTi. Ha mepiiomy erami cHapsin
pyXaeThes 3 HA3BYKOBOKO IIBUIKICTIO, & HA JPYrOMY —
3 mia3ByKoBOK. Ha npyromy erami 3Ha4YeHHs mapamer-
piB  y,=-0,2226 i
MOJIYJIIO BiJXWJICHHS TOYKW OOHYJIHHS TpPa€eKTopil Bif
BKa3zaHoi B Tabsmisix cTpiso [10] mopisHioe 15,2 metpa.

P>=21433. MakcumansHe MO
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I[Ipu  kyrax  OpUIITIOBAaHHA B MexXax

16°09'<6,<36°57' (maybHICTH CTPLNBOM 3MIHIOETHCS B

mexax Big 7200 mo 11200 metpiB) crocTepiraeTbest TpH
eranmy 3MiHM MmBHAKOcTi. Ha mepmomy erami cHapsin
pyXaeThbes 3 HAI3BYKOBOKO MIBUKICTIO, HA IPYroMy — 3
i I3BYKOBOIO, Ha TPETHOMY — 3 JO3BYKOBOIO 3pOCTa-
1040I0 mBUAKICTIO. Ha TpeTpoMy erarmi 3HaYeHHS mapa-
MetpiB y3=—0,4637 i B3=-1,6947 . MakcumaibHe 10

MOJIYITIIO BIJIXWJICHHS TOYKHA OOHYJIIHHSI TPaeKTopii Bij
BKazaHoi B Tabmuipix ctpins6 [10] mopisroe 17,3 metpa.
IIpu  KyTax  NPHUIINTIOBAaHHA B  MeXax

39°40'<6y<70°00" (manbHiCTH CTPLIBOM 3MIHIOETBCS B

Mmexkax Big 11400 go 7420, 3 MakCUMAaILHOKO JAILHICTIO
11540 MeTpiB) CHOCTEPIra€ThCs YOTHPU €TAMHM 3MiHU
mBHIKOCTI. Ha mepimomy erami cHapsii pyXaeTbes 3
HAJI3BYKOBOKO MIBHJIKICTIO, HAa JPYroMy — 3 IIiJI3BY-
KOBOIO, Ha TPEThOMY — 3 JIO3BYKOBOI IIBHJIKICTIO 1
Bil’éMHUM TPUNIBUAIICHHS, HAa YETBEPTOMY — 3
JTIO3BYKOBOIO TIBHIKICTIO, aJi¢ TOJJATHUM IPUIIBH/IIICH-
HiM. Ha derBeproMy erami 3HAYCHHS IapaMeTpiB
v4=-0,4626 i ,=-2,0049 . MakcumaibHe 110 MOIYIIIO

BiIXWJICHHS TOUKH OOHYITiHHS TPAEKTOPIi BiJ BKa3aHOI B
tabmuisx crpins6 [10] mopisaioe 20,2 MeTpa.

VY Tabmuii MaioTh MiCIe MO3HAYeHHS: o — KYT
NpULUTIOBaHHs; t, — TpUBAJiCTb JIETy CHapsana; Xy —
TOPH30HTAJIbHA KOOPJMHATA TOYKH OOHYIIHHS TPAEKTO-
pii pyxy cHapsiga; AX, — 3MiIIeHHS BEIHINHU KOOPIU-
HaTH OOHYNIHHS TPAeKTOpii pyXy cHapsma; Vi — KiHIeBa
HIBUIKICTh CHapsiia. Y Iy)KKax BKa3aHi BIIIIOBiIHI 3Ha-
YEHHS BEIMYKH, HABEJACHNX y Tabmuisix crpinsd [10].

VY Tabnuilii HaBeIeHI MapaMeTpu PyXy CHapsia Ha
MOYaTKy 1 KIHII KOXKHOTO €Tamy, Ta KyTax MpHLLIIo-
BaHHS, [IPU SKUX JAIBHICTh CTPUILOM Mae MakCUMalIbHi
BiIXWJICHHS BiJl TAOJMMYHUX MPH HOPMAITEHUX YMOBaX.

AmHanizyloun 3HaueHHS Pe3yJbTaTiB, HABEJCHUX Y
TaOIMILIX CTPISIHO, MOJKHA CTBEPIKYBaTH:

- B3STi 10 MOXYIIO TaOIMYHI 3HAYCHHS 3MIIICHB
TOYKHM OOHYJIHHS TPAeKTOpii pyxXy CHapsa NepeBakHO
€ OLTBIINMY BiJl TCOPETUIHHUX;

- PO301’KHOCTI MiXK TAOJMYHUMH Ta TEOPETUIHUMHU
3HAYEHHSIMH 3MIIlleHb TOYKM OOHYJIIHHS TPAa€eKTOpii pyxy
cHapsima € B Mexxax 10 MeTpiB mpH KyTax HpHILIIO-
BauHs 10 25°00;

- HalibimpIa PO3OKHICTE MK TAONMMIHUMH 1
TEOPETUIHUMH 3HAYCHHSAMH 3MIIIEHb TOYKH OOHYIIHHS
TpaekToOpili pyxXy CHapsAa € MpU KyTi NPHIUTIOBaHHS
45°00’ i pocsrae 16 mMeTpis;

- IPY MOAANBIIOMY 301IIbILIEHI KyTa MPUITIOBAH-
HS PO301KHOCTI MK TaOJMYHUMH 1 TEOPETHYHUMH 3HA-
YEHHSIMU 3MIllIeHb TOYKH OOHYIIHHS TPaeKToOpii pyxy
CHapsila 3MEHIIYIOTBCS 1 TOpPH KyTi MPUIUTIOBaHHS
70°00° cTaHOBNIATH 7 METPIB;

- BEJIMYMHY 3MIIIICHb 110 MOYJIIO € MaibKe OJJHAKO-
BUMH TP BiIXMUIIEHHI I0YATKOBOI MBUIKOCTI Ha +AVj).

BusiBnieHHs1, SIKi 3 BETUUYMH 3MIIICHh TCOPSTUYHI YU
TaOJIMYHI BiIIOBITAIOTh PEaTbHOCTI, MOXIIUBE TIPH TIPO-
BEIEHHI IMOJIITOHHMUX JTOCIIIKEHD.

BucnoBok

Po30i>KHOCTI MK TEOPETHYHO BU3HAUCHUMH KOOp-
JIMHAaTaMH TOYOK OOHYIIiHHS Tpaekropii X(;), Ha OCHOBI

3aIpONOHOBAHOI MaTEMaTHYHOT MOJIENTi, Ta HABEACHIMH
B TaONUILIX CTPiNhO € He3HAYHHMH, IO MiATBEPIUKYE
aJICKBaTHICTH 3aIPOIIOHOBAHOI MOJIeNi. ABTOpaMH BCTa-
HOBJICHO, IIIO TiJI Yac pyXy CHapsaa B MOBITPi MOXKIIHBa
CYKYIIHICTh YOTHPBOX €TaIliB 3MIHH IIBUIIKOCTI CHapsijia —
Ha/I3BYKOBa, TiJI3BYKOBa, JTO3BYKOBI cmajHa 1 3pocra-
104a. 3arnporoHOoBaHa MaTeMaTH4Ha MOJENb JI03BOJISIE
aHaJIITUYHO BU3HAYATH BEIMYMHH 3MillleHb TOUYKH OOHY-
JIHHS TPAEKTOPIl pyXy CHapsa B 3aJISKHOCTI BiJl BiIXHU-
JIEHHSI MOro MOYaTKOBOI HIBHIKOCTI BiJ HOMIHAJILHOI'O
3HAa4YCHHS. BHACIIIOK HASBHOCTI MEBHUX PO301XKHOCTEH
Mi)K TEOPETUYHUMH 1 TAOTMIHUMY 3HAYCHHSIMH 3MIIICHb
HEOOXiJJTHE TMPOBEICHHS MOJITOHHHUX JOCHIDKECHb JUIS
BCTAHOBJICHHS ICTUHHUX.

Tabnuys (ckopouenuii 6u2nso)

3HavYeHHs BeJIMYUH 3MillIeHHS] TOYKH OOHYJIiHHS TPAEKTOPii, AAIBLHOCTI JieTy CHapsia, TPUBAJICTb PyXy cHapsiia Ta ioro
KiHIeBOi IIBUAKOCTI B 32JIeKHOCTI BiJl BeJJMYMHM II0YATKOBOI IIBUIKOCTI CHApsiAa

V, (1-0,01) Vo =493%/ V (1+0,01)
a, epao
AXk,M tk,C Vk,% X M tk,C Vk’% AXk,M tk,C Vk’%
0°00’ -3,91 0,4034 | 474,93 | 198,12 0,4075 479,50 3,90 0,4115 | 484,06
(-4) (200) 0,4) (479) 4)
1°19’ -21,58 | 2,6138 412,76 | 1193,62 2,6389 415,81 21,73 2,6640 | 418,83
(-21) (1200) (2,6) (413) (21)
2°16° -31,05 | 4,1450 377,67 | 1806,30 4,1837 379,99 31,24 4,2224 | 382,29
(~30) (1800) | (4,1) (379) (30)
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3°19’ -39,30 | 5,7819 | 345,81 | 2403,22 | 5,8343 347,57 39,48 5,8867 | 349,27
(-38) (2400) (5,8) (347) (38)

3°42 -41,89 | 6,0850 | 338,31 | 2603,37 | 6,4228 338,97 42,00 6,4801 | 339,62
(-41) (2600) (6,4) (339) (41)

7°44 -56,81 | 11,9592 | 307,58 | 4384,83 | 12,0567 | 307,91 56,96 12,1539 | 308,23
(-59) (4400) (12) (294) (59)

11°05° -63,28 | 16,2421 | 292,92 | 5614,47 | 16,3592 | 293,20 63,43 16,4762 | 293,47
(-65) (5600) a7) (284) (65)

15°28’ -69,11 | 21,5678 | 281,81 | 7005,05 | 21,7049 | 282,11 69,83 21,8418 | 282,40
(-73) (7000) (22) (273) (73)

16°09° —-69,89 | 22,3751 | 280,70 | 7203,03 | 22,5150 | 280,98 69,95 22.6546 | 281,36
(-74) (7200) (23) (272) (74)

25°00° —78,05 | 32,2614 | 285,39 | 9382,72 | 32,4310 | 286,05 78,03 32,6001 | 286,70
(-88) (9400) (33) (267) (88)

36°57” —85,91 | 44,4847 | 296,04 | 11193,73 | 44,6899 | 297,09 85,81 44,8950 | 298,12
(-100) (11200) (45) (277) (100)

39°40° -86,91 | 47,1597 | 296,25 | 11379,82 | 47,3729 | 300,10 86,83 47,5854 | 298,52
(-102) (12400) (48) (281) (102)

45°00° —-88,00 | 52,0880 | 301,98 | 11531,72 | 52,3171 | 303,26 87,83 52,5451 | 304,54
(-104) (11540) (53) (288) (104)

65°59’ —-70,17 | 67,9287 | 323,10 | 8618,90 | 68,2122 | 324,78 70,07 68,4944 | 326,47
(-79) (8600) (68) (308) (79)

70°00° -61,73 | 70,1532 | 326,01 | 7419,46 | 70,4439 | 327,74 61,66 70,7332 | 329,47
(-69) (7420) (70) (308) (69)
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INFLUENCE OF THE INITIAL VELOCITY OF THE PROJECTILE ON THE KINEMATICS OF THE PROJECTILE
P. Tkachuk, L.Velychko, M. Voitovych, M. Sorokatyi

The work uses a mathematical model for determining the frontal air resistance to the movement of the projectile, which
based on solving the inverse problem of dynamics. Knowing the flight range at certain angles of aiming given in the firing tables,
the functional dependence of the force of the frontal air resistance to the movement of the projectile on its speed and other
factors is determined, taking into account the effect on the projectile of its weight and Coriolis force.

It has been established that, depending on the aiming angle, the projectile speed during flight can combine stages of
movement with supersonic,transonic, subsonic, decreasing or increasing speeds. Therefore, the functional dependence of the
frontal drag force is determined for each stage separately.

The influence of the initial velocity and the deviation from the nominal value for the OF-462ZH projectile fired from a
122-mm D-30 howitzer, charge is investigated. Depending on the aiming angle, the projectile speed during flight can combine
stages of movement with supersonic,transonic, subsonic, decreasing or increasing speeds.

It was found that the displacement values of the coordinates of the zeroing point of the trajectory of the projectile,
determined on the basis of the proposed mathematical model, are almost the same in modulus when the initial velocity deviates

by +AVj) ; the tabular values of the displacements of the trajectory zeroing point, in general, are large in magnitude from the
theoretical; the greatest discrepancy between them is achieved at an aiming angle of 45000’; determination of which of the
displacement values, theoretical or tabular, are real, is possible during field tests.

Keywords: Exterior ballistics, force of frontal air resistance, projectile muzzle velocity, ballistic corrections.
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