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cloud. Analyzing the extraordinary accidents in the places of storage of toxic, explosive substances and fuels and lubricants,
which are related to the violation of their storage and exploitation, allows us to conclude that this is a global problem of today.
Therefore, to prevent explosion and fire hazards, the strength of engineering structures that contain toxic and explosive
substances are quite high requirements.

One of the main tasks in the general problem of explosion and fire safety is the ability to timely warn or prevent accidental
explosions on building, military or explosion-proof structures, as well as personnel nearby. Therefore, the impact of temperature
on special-purpose tanks due to sabotage, natural factors and abnormal cases on the strength characteristics of engineering
structures of this type are important, both theoretically and practically.

Keywords: tank, temperature, annular and axial stresses, loss of tank integrity, deformation.
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BILIUB BIIXWJIEHHSI MACH CHAPSIJIA HA M1OTO IMHAMIKY

YV pesynomami noniconnux O0ocniodcenb ompumana OUCKpemHA 3ANeHCHICMb MIdC KYmamu Npuyimiosauis i
20pU3OHMANLHUMU OATIbHOCMAMU Jlemy cHapaoa O0Jis heenoz2o muny 30poi. Iloeonyouu ukopucmans yiei 3anestc-
HOcmi ma mMemoo 06epHeHOi 3a0ayi MexaniKu, U3HAYAEMbCs QYHKYIOHANbHA 3aNeACHICMb CUIU 106068020 ONOPY
nosimps 8i0 WUOKOCMi CHApAoa, OemepmiHO8aHux i HedemepmiHO8aHUX uuHHUKI6. Ha ocHosi Opyeozo 3axoHy
OUHAMIKU OMPUMYEMBCS CUCTEMA OUPEPEHYIATbHUX PIBHSIHb, SIKA ONUCYE PYX cHapsda nid 0i€io cuiu 10608020
onopy, eazu cuapsda ma Kopionicoeoi cunu. B sxocmi npuxiady posensioaemvcs ounamika pyxy cuapsoa Od-
462K, eunywenozo 3 122-wm eaybuyi J1-30, 3apao szmemwenuii. Hozo nouamxosa weuokicme Had3eykosa i

oopienioe V :5651‘% . V yvomy eunaoky, 6 sanexcrnocmi 6i0 Kyma npuyilioeants, nio uac Jjemy cHapsaod toco

WBUOKICIb MOJICE SMIHIOBAMUCS] 810 HAO38YKOBOI 00 Nid38YK0BOI ab0 HAGIMb 00 0038YKOGON.

OcKinbKku maca cHaps0a, NepesadicHoO, GiOPIZHAEMbCS 610 HOMIHAAbHOL, MO 6 POOOMI OOCHIONCYEMbCS BNIUG
SMIHU Macu cHapaoa Ha OanlbHIiCMb 1emy cHapsoa i KiHeMamuyni napamempu pyxy. Bcmanosneno, wo npu maaux
KYMax Npuyiniosanus 3MeHWeEeHHs MAacu cHapaoa cnpusic oanrbHocmi jaemy cHapsioa. IIpome 3i 30inbuieHusim
BEUYUHY KYMA NPUYITIOBAHHS CHPUSIHHSL 3MEHULYEMbCS | OAIbHICMb Iemy CHApSOd Cmae MeHWow 6i0 0albHOCH
Jlemy cHapsa0a 3 HOMIHANLHOW Macorw. Axwo maca chapsda Oinbuia 6i0 HOMIHAILHOI, MO NpU MALUx Kymax
NPUYITIOBAHHS OANILHICIb Iem)y CHAPAO0d € MEeHUIOW IO 0albHOCMI Iemy CHAPA0d 3 HOMIHATbHOW macor. OOnak 3i
30UIbUEHHAM KYMA RPUYLTIOBAHHS CNOCMePI2aEmbCsi NOCHYNO06e 30UIbIEeHHS OAIbHOCHE Iemy CHAPsO0d, GeludUHd
sKO0i Oy0de Oinvuia 8i0 danbHOCMI 1emy CHApsA0a 3 HOMIHAIBLHONO MACOI.

Knrwouoei cnoea: 306niwns b6aricmuxa, cuia 10608020 OROpy NOGIMps, MAca CHAPAOA, DAnicMu4Hi NONpasKu

IMocTaHoBKa MpoodJeMu Ta iHIN YMHHAKA. Y TaOMUIpIX CTpUTEO AL KOXKHOTO
TUITy 30poi Ta BIAMOBIJHOTO 3apsiay BKa3aHi JMCKPETHI
3aJIeKHOCTI MIDK KYTOM IPHUIIUTIOBAHHSI 1 TOPU3OHTAIb-
HOIO JAJBHICTIO JIETY CHapsAa Ta BEIMYMHM IIONPABOK
O0YMOBJICHUX ~HECTaH/JAPTHUMH YMOBaMH  CTpPLIBOH.
Bennmunnaun IOMpPaBoOK, BU3HA4YaJIM YUCCIbHUMH METO-
JIlaMH 1 HAOJIFKEHO.

OCKIJIbKY B pealTbHUX YMOBAX CTpiib0a, MepeBaxkHo,
BENIEThCS MPU PI3HHX 3HAYCHHSX JCTCPMIHOBAHHUX 1 Hele-

OKpiM TOIOBHOT 3a/1a4i 30BHIIIHBOI OaTICTUKH 111010
BCTAHOBIICHHSI 3aJIGKHOCTI MK KYTOM ITPHUIIUTIOBAHHS Ta
MiClleM pO3TallyBaHHs LTI NPU HOPMAJIbHHX YMOBaX,
BUHUKAE PsiJl 33124, TI0B SI3aHUX 3 MOTPeOO0 BU3HAYCHHS
MOMPaBOK, SIKI 00YMOBJICHHI HECTaHIAPTHUMH yMOBAaMHU.
OcraHHi MOAIISIOTECA Ha JieTepMiHOBaHi (opma i mMaca
CHapsi/Jia, IyCTHHA 1 TeMmIieparypa MoBiTps, arMochepHuii
THCK, JICPUBAIliS), HeJIeTepMiHOBaHI (ITOYATKOBA IIBUI-

. - L TepMiHOBaHI/IX ‘II/]}IH]/IKiB, TOMY BIUIMB BCJIMYWH ITOIPABOK
KICTb CHapsda, BSJIWMYHWHA 1 HAIIPSAMOK HMIBUIKOCTIL Blpr)
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BiJIirpae CyTTEBY POJIb y BiIy4aHHi B 1ijb. OTXe, IMOKpa-
IIEHHS TOYHOCTI CTPUILOM MOXKHA OCATHYTH, SIKIIO i
BUIIUTH TOYHICTh BM3HAYCHHS BEIUYMH IOMPABOK, 00y-
MOBJICHHX BiIXIJICHHSIMH YMOB CTPLUTEOH Bill HOPMAJIGHIIX.

AHani3 nocaipkenb i myosaikanii

Y nosoimi BenukoMmy 00’emi Gibmiorpadiuna iHdop-
Malrlisi Ta OCHOBM TEOPETHYHUX JIOCIIHKEHb 30BHIIIHBOT
0aiCTUKKM KyNb Ta CHapsIiB BUKJIAJCHI, HAIPUKIAJ, B
poborax [1-5]. V Hux Ta iHIIMX HAyKOBUX CcTATTSX [6-8]
cuiia 1000BOTO OMOPY IOBITPS PYXOBI CHapsiia OIMHCY-
€ThCS 3aJICIKHICTIO

2 2 2 )
R:megi: , (1)
2 4 Vs g
abo
w2 pd?
R=——"—Cp, 2
5 4 CD )

ne R — cuma no6oBoro omopy mositpss, V' — msukicTs

cHapsaga, F — rycruHa nositpa, Vg — LIBUAKICTb

3ByKy B moBiTpi, 0 — kanibp cHapsna, i — koedilieHnt

gV 0 .
dbopmu cHapsna, cxgv—; — eranoHHa (QYHKIISA 10060-
s @

2
Boro onopy, Cp — koediuient cumu omopy, >

JUHAMIYHUN THCK.

Ha ocHOBI excriepuMeHTalbHUX JTOCIIIKSHb BCTa-
HOBJICHI €TaJIOHHI (YHKIi JI000BOrO Omnopy MOBITps
JUIA TIeBHUX THMIB cHapsimiB. Lli ¢yHKkmii MaroTh mwc-
KpeTHHH Xapakrep. BpaxoByloun reoMeTpito cHapsja i
MOPIBHIOIOYM HOro 3 €TaJOHHUMH CHapsiaMH, BH3HA-
4aroTh KoeilieHT GpopMu cHapsia.

OpHak MPOBEJCHI TEOPETHYHI JOCIIIPKCHHS 30B-
HIIIHBOI OamicTHKM Kyl KamiOpy 7,62 MM, BUITyIIEHOI

3i crpinenskoi 36poi ITK (Vg = 825% , m=0,0096 k),

TIKT (Vo =855% , m=0,0096 k2) i CBJI (Vo =830%/ ,

m = 0,0096 x2) moKa3aigH, MO X04a BHKOPHUCTOBYETHCS
OIHA 1 Ta cama Kyiisl, IpoTe (DYHKIIOHAJBHI 3aJIeKHOCTI
Cr1 TI0OOBOTO OTOpPY TOBITPS PYXOBi Ky Bif ii mBHA-
kocti € pisammu. To6to dopmyna (1) He mo3BOISE
JOCSITHYTH BEJIMKOI TOYHOCTI MiJ] 4Yac JOCHi/PKEHHS
PYXYy Kylli B TIOBITpI.

VY OLibIIOCTI HAYKOBHX IPallb 3aMiCTh O3HAYCHHS
CHJIH JT0OOBOr0 onopy (Gopmyinoro (1) BUKOPHCTOBYIOTh
dopmyny (2). Tobro eranoHHy (YHKIIO J000BOro
ornopy y popmyii (1) 3amintorors Cp — koedirientom

cuiu onopy. OcTaHHIN MOXXYTh OIUCYBATH 3AJICKHICTIO

— 2 . —
Cp=Cp, +CDd2d , e Cp =const i CDd2 =const,

d=sina; i a; — xyr HyTamii. Y peanxsHOCTi Koe(imieHT
CHJIM OTIOpPY € BEIUYMHA 3MIHHA, OCKUIBKH ITiJ] 4ac JIETY
CHapsAa 3MIHIOEThCA MIBHAKICTh CHApsAa 1 MIBHIKICTH
3BYKY B TOBiTpi (Ha pi3HMX BHCOTax BoHa iHma) [1, 5].

BusHaveHHsT mOmpaBOK IS MAIBHOCTI CTPUTHOH,
BHACIIIJIOK BiIXVJICHb BEJIMYUH JICTEPMIHOBAHUX 1 HEZe-
TEPMIHOBAaHUX YMHHUKIB BiJl iX HOMIHAJbHUX 3HAYCHB,
0a3yeThCst Ha MPUMYIICHHX, 1[0 BIIXUIICHHS € He3HaY-
HUMHU Ta 3MIiHa JallbHOCTI € HENEepPEepPBHOI (YHKIIED
Bit unHHKKIB. Tomy tipu po3kiaji GpyHkii B psin Teitnopa
BPaxOBYIOTHCS JIUILIE NEPIL WICHH PSTY.

Hanpuxkinaz, npupicT AajbHOCTI JIETY CHapsiaa Mpu
3MiHI #0ro HOMiHaIBHOI Macu My Ha BenuduHy OM

BU3HAYAIOTh, BUKOPHCTOBYIOUH (opmyiy [2, 3]

é U
dX:éﬂ—XC—lmVOﬂ—leﬂ ’
élfic Vo 1Mo

ne ¢ — OamicTuunui koedimient, |, — Kopekryrounit

Koe(iIienT.
®opmy/II0BaAHHS METH CTATTi

TexXHONOriYHO MPOOIEMATUIHO BUTOTOBIISITU CHA-
psaima omHakoBoi Macw. OnHak iX Macy MOXKHA BH3Ha-
YaTh O TPOBEACHHS IOCTPUTY 1 TOMY Macy CHapsaa
BITHOCATB JI0 JCTEPMIHOBAHUX 3MiHHHX. 3 METOIO TIOKpa-
IIEHHS KYIHOCTI CTPLTEOM HEOOXiITHO 3HiHCHIOBATH TIOC-
TP CHapsIaMH OJHAKOBOI MacH, OCKUIbKU BiIXH-
JICHHSI Macu CHapsia BiJl 10ro HOMIHaJIBHOTO 3HAYCHHS
BIUIMBAE HA BEIMYUHY MOMPABKHU JUIS IAJIBHOCTI CTPLIBOM.
Omxe, uist 3a0€3MeUeHHs] TOYHOCTI CTPLIbOM HEOOX1THO
BpaxOBYBaTH IMOMPABKY /IS AaJbHOCTI BHACIIOK 3MIiHH
MacH cHapsiga. MeTow cTaTTi € JOCHIIKCHHS BIUIMBY
3MIHA MAacH CHapsia Ha HOro KiHeMaTH4HI IapaMeTpH

pyXy.
BukJiajg 0CHOBHOro MaTtepiajy

VY cTaTTi BUKOPUCTOBYETHCS MaTeMaTHYHA MOJIETIb
BH3HAUYCHHS CHIJIN JIOOOBOTO OIOPY MOBITPSI PYXOBi CHa-
psina, sika onmcana B poboti [9]. Monens no3Bonsie Bpa-
XOBYBaTH BIUIMB CYIyTHBOTO (3yCTPIi4HOTO) BIiTpY Ha
BEJIMYMHY J1000BOr0 onopy mositps. Ilpore B miit crarti
BIDIMB BITPY HA AWHAMIKY CHaps/ia HE OCIiKYETHCA.

SIkmio Maca cHapsiga 3MIiHIOETBCS, ajie 3apsny —
cranma, To Oyae 3MIHIOBaTHCS IOYAaTKOBA IIBHIKICTH
cHapsima. Y [2, 3] BkasyeTbcst HACTYIHA 3aJEKHICTE MIXK
3MIHAMH MacH CHapsiJa i HOYaTKOBOI IIBHKOCTI

0V0='|mVo@| ®3)

m
ne Vg — 3mina moyaTkoBoOi mIBHAKOCTI cHapsina, Vo —
I0oYaTKOBA IMIBUJAKICTH cHapsga, M — 3MiHa Macu
cHapsna, M — maca cHapsaja, |, — koedimient, 3Ha-

YCHHS SKOTO BU3HAYAIOTH CKCIICPUMEHTATBHUM IIISIXOM.
Jnsa rapmar mell KoedillieHT NpHOIH3HO OPIBHIOE

I, »0,4 [2].
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HaiiGinpiry KinbKicTh eHepril 3apsily BHTPavyaeThCs
Ha HaJaHHS CHapsia IMOCTYHNAJIbHOIO 1 00epTaIbHOIO
pPyXiB, Ha PyXH BiAKaTHHX YacTHWH 30poi Ta ra3oropo-
XOBOI CyMIIlll B KaHaJli CTBOJA.

KinernuHa eHeprisi cHapsa JIOPiBHIOE CyMi HOTo
EHepTil MOCTYMAIEHOTO i 00epTaFHOTO PYXiB, TOOTO

2
S\ |
2

5 (4)
ge |y — MoMmeHT iHepuii cHapsIa BiJHOCHO HOro oci
cUMeTpii.

KyToBa mBHAKICTE W CHapsga BU3HAYAETHCS i3

3aJIe)KHOCTI
2pVo
Wo=——, 5
0=/ ©)
ne h — kpyrusHa HapiziB i Ad — noBxuHa xomy
Hapi3iB.

OCKLTBKH Maca 3apsiTy He 3MIHIOETBCS, TO BBAKAEMO,
0 KiHeTHYHA CHEpris CHapsaa 3 HOMiHAJHbHOK MacCOI0
Mg 1 BIAXIIEHOMO, SIKa JIOPIBHIOE M=My+Dm , onHakoBi.
BpaxoByroun 11e¢ TBEpIKCHHS, OTPUMAEMO, IO ITOYAT-
KOBa IIBUJIKICTh CHAPSIAa 3 MAcOI0, BIIMIHHOIO Bill HOMi-
HAJIBHOI, TOPIBHIOE

/ m
Vo= |[—2V,, 6
O™y 'mg+Dm ° ©)

e Vom — ModYaTKoBa MIBHAKICTH CHapsifa, SIKIIO Maca

CHapsia 3MiHKUIAch Ha Benuuuay Dm.

BpaxoByroun cuity JI000BOrO OMOpY MOBITPsI PyXOBi
cHapsiza, Bary cHapsina i KopionicoBy cuity Ta BUKOpHUC-
TOBYIOYM IPYTUH 3aKOH TUHAMIKH, OTPUMAEMO CUCTEMY
ndepeHiadbHUX PIBHAHb, SIKI OIUCYIOTH PYX CHapsiaa
B TIOBITpI:

e CxSxMa101325 & 6,5(z(t)+2p)6>>>.
Ryn (TK -0,006328 z(t)) & 288000
> > > 1+gi+b;
OO0 R
2k, R §050i "
gﬂ(TK-o,oosszs 2(t)):
my ﬂ
—-2mw, (&(t)cos I cosy - (t) sin);
mii= Cy Sy /M,101325 g 6,5(z(t)+zp)(:js’255,
Run(TK-0,006328 z(t)) ¢ 288000 g
2 > > 1+gi +bj
OO0 T 0
2k, R 0%
gﬂ(TK-o,oomzs 2(t)):
My [’}
—-2mu, (k(t)sin I - &(t) cos Isiny’),
g Cs,my101325 g 6,5(z(t)+2p) > 2.
Ryn (TK-0,006328 z(t)) & 288000 g

Botmeran? i
2k, R 5050
gﬂ(TK -0,006328 z(t)):

my ﬂ
—2mu, (§(t)cos 1 siny - k(t) cos Icosy ).

mg-  (9)

Jlns BU3HA4YCHHS KiHEMAaTHYHHX TAapaMeTpiB Pyxy
CHapsila HEOOXIJIHO PO3B’3yBaTH CUCTEMY Au(EpeH-
mianpHUX piBHAHD (7) — (9). Y MOMEHT mocTpiity movat-
KOBI YMOBH JJIsI L€l cUCTeMH AU(epeHIiaIbHUX PIBHSHb
MaTUMYTh BUIJLAL

x(0)=0, #(0)=Vymcosqy, Y(0)=0, %(0)=0,
2(0)=0 i £(0)=Vypsingy , (10)

ne Vogn — HOYaTKOBA MIBHAKICTB CHAapsma, (g — KyT
kunanss. st caapsana OP-4620K, BunymeHoro 3 122-mm
rayouri  J[-30, 3apsm 3MeHIICHWE, KyT KHIAHHS
JIOPIBHIOE
Go=80*Yver » (11)
JIe 8y — KyT NPULUTIOBaHHSA, (yer =230 — BepTHKANb-
HUM cTpHOOK KyTa BMIBOTY. Ha mouatkoBoMy erarii
CHAapsIJl PYXa€eThCsl 3 HA3BYKOBOIO MIBHIKICTIO. [Ipote
NpH TIEBHUX KyTaX MPUIUTIOBAHHS IMiJI Yac JIETy CHapsa
HOro MIBUIKICTh MOXE MOEAHYBATH HA/JI3BYKOBHUH, ITij-
3BYKOBHIA 1 JIO3BYKOBHUI €TaIH PyXY.
Ilpu 3mdiiicHeHHI OOYHMCICHh OpaNMCh 3HAYCHHS:
Maca cHapsiga — My = 21,76 ke, moYaTKOBa IIBUIKICTb —

Vo :5651%, IUTOIIA TONIEPEYHOro Mepepizy cHapsaa —

sy =p 0,064 22, TemmepaTypa moBitpa — t=15°C,

armocheprnii  Tick - P=750 mm pm  cm,

€,=035, I — mmpora 3emii, Ha skiii BinOyBaeThCS

cTpib0a, Y KyT MiX HampsIMKOM CTPUIBOM Ta CXiIHUM

HanpsiMkoM (It gac Beix obumcneHp mokmananu =50
iy=90").

SIKIIO CHApSI PYXAe€ThCsl 3 HAA3BYKOBOIO MIBHI-
KicTio, TO 3HaueHHs napamerpiB ¢ =-0,099 i b =0,041,
HiJ 3ByKOBOIO — ¢, =-0,1964 i b,=35774, n03BykoBOIO —
93=-0,35933 i b3=-195776.

IToyaTKOBUMH YMOBAaMH ISl CHCTeMH AudepeH-
mianpHUX piBHsAHG (7) — (9), Ha eramax pyxy cHapsma 3
Mi3BYKOBOO Ta JJO3BYKOBOIO MIBUAKOCTSIX, € 3HAYCHHS

HOro KiHEeMaTUYHHUX MapaMeTpiB Pyxy IpH 3aBepLICHHI
TIOTEePEHBOrO eTary.
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xtabl(e)
xtheorm(c)) 0
LN ]
xtheorp(a)

.o o
AT TR T T A

1x10°

o

Puc. 3nayeHHs BiIXuiieHb BeJIMYMHHU JAJIBHOCTI JIeTy
CHApPsia B 3aJIe2KHOCTI Bifi 3MiHU iioro Mmacu

Ha puc. cynineHoro miniero xtabl(a) Bkasani 3mi-

IICHHS JAJIBHOCTI JICTY CHapsjga HaBEACHI B TaOJHUIIX
ctpine6 [10] mpu 3miHI Mack Ha OIUH 3HaK. TOYKOBOIO

mimiero Xtheorm(&) Bkaszami 3MilEHHS JAaIBHOCTI IETY

CHapsia, SKIIO Maca CHapsia MEHINA BiJl HOMIHAJIBHOI
Ha Dm=—23%m0. IMynxtupHoo miniero Xtheorp(a)
BKa3aHi 3MIIICHHS JaJTbHOCTI JIETY CHapsAa, SKIIO Maca
cHapsima OimbIa BiX HOMIHANBHOI Ha Dm=%%m0.
Bemnauna kyra mnpumimoBaHHS &
THCAYHHX, [xtabl(a)]:‘l , [xtheorm(a)]:‘l i
[xtheorp(a)]:i .

VY tabnuui npeicTaBieHi 3HaYeHHS KIHEMaTUYHHX
napaMeTpiB pyXy CHapsa Npy HOMiHaJIbHIH Ta 3MIHEHHX
Macax CHapszia.

BUMIPIOETECA B

Tabnuys (ckopouenuil 6u2nsio)

KinemaTnuHi mapamerpu pyxy cHapsiia 3 pi3HOI0 Macoio

mo_0,02m0 mp m0+0,02m0
3 3

ag X, M Ve, % X M Vi, f% X M|y, %

-001 | 403,93 536,25 401,40 (400) 534,84 398,95 533,43
(2,53) (2) (-2,45)

130 1809,69 441,50 1801,24 (1800) 441,26 1792,86 | 441,01
(8,45) (6) (-8.38)

349 3409,14 354,02 3398,39 (3400) 354,45 3387,64 354,87
(10,75) @) (~10,75)

700 5018,28 314,35 5008,19 (5000) 314,67 4998,02 314,98
(10,09) ) (-10,17)

1057 6604,65 296,06 6596,06 (6600) 296,37 6587,35 296,68
(8,59) 3) (-8,71)

1545 8208,77 286,88 8202,26 (8200) 287,19 8195,61 287,49
(6,51) 1) (-6,65)

2129 | 979860 | 282,28 9794,73 (9800) 282,68 | 9790,65 | 283,07
(3,87) (-2) (~4,08)

2858 | 1139455 | 281,87 11394,29 (11400) | 282,34 | 11393,77 | 282,79
(0,26) (=6) (-0,52)

4500 | 12809,54 296,83 12815,35 (12800) 297,30 12820,78 | 297,75
(-5.81) (-12) (5.43)

58737 | 1141429 | 316,04 11421,52 (111400) | 316,43 | 11428,38 | 316,81
(-7.23) (-11) (6,86)

6503 | 9806,84 324,05 9813,72 (9800) 324,41 9820,28 324,75
(-6.88) (10) (6,56)

7000 | 8171,00 329,20 8177,34 (8220) 329,53 8183,41 329,85
(-6,34) 8) (6,07)

VY rtabnuii MaroTh Miclie HACTYITHI NO3HAYCHHS:
Xy — TOpPH3OHTAJbHA JAJBHICTH JieTy cHapsima, V| -—

KiHIIEBa IIBUIKICTH CHapsza. Y Iy)KKaX BKazaHi 3Mi-
IIEHHS TATLHOCTI JIETY CHapsa BHACIHIOK 3MIHH MacH

cHapsiia. Y 4YeTBEPTOMY CTOBIUMKY BKa3aHI B JIy)KKax
TaOJIMYHI JANBHICTB JIETY CHapsi/ia Mpy BKa3aHOMY KYTi
MPUIUTIOBAHHS 1 3MIMICHHS JalbHOCTI JIETYy CHapsiia
IIpY 3MiHiI HOro Macu Ha O/IMH 3HaK.
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AmHanizyloun 3HaueHHS, NPEJCTaBIEH]I Ha pPUC. 1 B
TabJMIi, MOXHA CTBEP/PKYBATH, IO MPU MAJUX KyTax
MPHIUTIOBAHHS CHAPSIT 3 MEHILIOK) MACOI0 JICTUTh JAJIbIIe
Bil CHapsia 3 HOMIHAJIBHOI MAacOK 1 WOro KiHIIeBa
IIBUIKICTH € OLNbIIa BiJ MIBHUAKOCTI CHapsma 3 HOMi-
HANBHOIO Macor. OHAaK, SKIIO BENUYWHA KyTa MpPHII-
JIFOBAHHS 3POCTAE, TO NANBHICTh JIETY TAKOTO CHaps/a €
MEHIIIOIO BiJ HaJbHOCTI JIETYy CHapsAa 3 HOMiHAJIFHOIO
MAacor0 1 KIiHI[€BA IIBHIKICTH € MEHIIIOK BiJ IIBAIKOCTI
CHapsiia 3 HOMiHAJIbHOIO Macoro. [IpoTuiexHa KapTHHA
CIOCTEpIraeThes, SIKIO Maca cHapsiia OubIla Bij HOMI-
HaIIBHOI. Y 1[bOMY BHUNAJKY MPH MaJHUX KyTax MPHUIILIO-
BaHHS JIAJIBHICTh JIETY CHapsiia € MEHIIO BiJ| JaJbHOCTI
JIETY CHapsiia 3 HOMIHAJIBHOK MAacor 1 Horo KiHiea
MIBH/IKICTh TEK MEHIIIA BiJ] KIHIICBOI BHUAKOCTI CHapsijia 3
HOMIHAJBHOI Macoro. [Tpu 301IbIIeHHs KyTa MPHIILIIO-
BaHHS JAIBHICTh JIETY CHapsaa 3 OUIBIIOI0 Macolo €
OLIBIIO0 BiJl JABHOCTI JICTY CHApsAAa 3 HOMiHAJIBHOIO
MacoOI0 1 HOro KiHIeBa IIBHIKICTE € OLIBIIO Bij KIHIIEBOL
IIBUJIKOCTI CHAPs/Ia 3 HOMiHAJIEHOIO MacoIo.

BucnoBok

HoBmsna pobotu momnsrae B TOMy, IO HA OCHOBI
3aMponoHOBaHOI 1 PO3POOJICHOI aBTOpaMU MaTeMaTH-
HOi MOJeNi 30BHIIIHBOI OAJiCTUKHA KyIh Ta CHApPSIIB
JTOCITIIKEHO BIUIMB 3MiHH MacH CHapsjga Ha WOTo KiHe-
MaTHYHI TApAMETPH PYXY.

ITokazano, o po30i’KHOCTI MK TEOPETHYHO BU3-
HAYCHUMH FOPU30HTAIBHUMH JAIBHOCTSMHE JIETY CHapsiia
3 HOMIHQJIBPHOIO MAacoOl Ta HaBeJACHHMMH B TAONHUIIAX
CTpinb0, € He3HAYHUMH (YeTBEpTa KOJIOHKA B TAOIHIL).
Ile miaTBepmKye aneKBaTHICTH 3alpPONOHOBAHOI MaTe-
MaTHYHOI MOJIeNli BH3HAYEHHS CHJIM JIOOOBOTO OMOpY
MOBITPsI PYXOBI CHapsifa. BeraHOBIICHO, 1110 SAKICHO 3Mi-
IICHHS AITBHOCTI JIETy CHapsaa BHACIIJIOK 3MiHH HOTO
MacH, BU3HAYCHOT Ha OCHOBI 3aIPOIIOHOBAHOI aBTOPAMHU
METOIMKM 1 HaBeAeHMMH B Tabmuipsix crpiasb [10],
30iratotbest. [IpoTe BeMuMHM 3MILEHb BiAPI3HAIOTHCS 1
NP MEBHUX KyTaX MPHUIIIOBAHHS JOCATAIOTh 6 METpiB
NpU 3MiHI MacH CHapsijia Ha OAWH 3HAK. J[i1s BCTaHOB-
JICHHsI ICTUHHOI BEJIMYWHU 3MIICHHS TOPHU30HTAIBHOI
JTATIBHOCTI JIETY CHapsi/ia Ipy 3MiHI Macu cHapsia HeoO-
XiZIHEe TIPOBEACHHS MOJITOHHHUX JOCTIPKeHb. Po3pobieHa
aBTOpAMH MaTEeMaTUYHA MOJICNb JIO3BOJISIE, BHKOPUCTO-
BYIOUHM MporpamHe 3a0e3redeHHs], aBTOMATU3yBaTH MPO-
Ilec BU3HAUCHHS KyTa MPHLIIIOBAHHS B 3aJISKHOCTI Bix
3Ha4YeHb /ICTEPMIHOBAaHMX 1 HEJETEPMiHOBAHNX YMHHUKIB
Ta MICISI PO3TALITYBAHHSI LILJII.
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INFLUENCEOF THE MASS OF THE PROJECTILE ON ITS DYNAMIC
P. Tkachyck, L. Velychko, M. Voitovych, M. Sorokatyi

As a result of polygon studies, a discrete dependence between aiming angles and horizontal flight ranges of projectiles for
a certain type of weapon was obtained. By combining the use of this dependence and the method of the inverse problem of
mechanics, the functional dependence of the frontal air resistance force of the moving projectile on its speed, deterministic and
nondeterministic factors is determined. On the basis of the second law of dynamics, a system of differential equations is obtained,
which describes the movement of the projectile under the influence of the force of frontal resistance, the weight of the projectile,
and the Coriolis force. As an example, we consider the dynamics of the OF-462Zh projectile fired from a 122-mm D-30 howitzer

with a reduced charge. Its initial speed is supersonic and equal to V; :565’% . In this case, depending on the aiming angle,

during the flight of the projectile, its speed can change from supersonic to subsonic or even subsonic.

Since the mass of the projectile is mostly different from the nominal one, the effect of the change in the projectile mass on
the flight range of the projectile and the kinematic parameters of the movement is investigated in the paper. It was established
that at small aiming angles, a projectile with a smaller mass flies farther than a projectile with a nominal mass and its final
speed is greater than the speed of a projectile with a nominal mass. However, if the aiming angle increases, the flight range of
such a projectile is less than the flight range of a projectile with a nominal mass, and the final speed is less than the speed of a
projectile with a nominal mass. The opposite picture is observed if the mass of the projectile is greater than the nominal one. In
this case, at small aiming angles, the flight range of the projectile is less than the flight range of a projectile with a nominal
mass, and its final speed is also less than the final speed of a projectile with a nominal mass. When the aiming angle increases,
the flight range of a projectile with a larger mass is greater than the flight range of a projectile with a nominal mass, and its final
speed is greater than the final speed of a projectile with a nominal mass.

Keywords: exterior ballistics, force of frontal air resistance, mass of projectile, ballistic corrections.external ballistics,
frontal air resistance, projectile mass, ballistic corrections
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