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00pasyamu 600pyIHCEHUs. BOIHUKAEN BONPOC OMHOCUMENLHO BbIACHEHUS NAPAMEMPO8 OYeHKU 3(POeKmusHocmu npumeHeHus
nepcneKmueHblX 00pa3yoe CMPENKoBO20 OPYICUL KAK C UCNONb30BAHUEM MAmMeMamuyeckux mooenell, mak u 6 npoyecce
NOTUSOHHBIX UCNBIMAHULL C YeTbl0 Onpeoenenus yeieco00pasHOCIU NPUHAMUA ux Ha eoopyscenue. IIposedennviil ananus
CYWecmeyomux MemoouK No360UL ONPedelums OCHOBHbIE KPUMEPUU, CO2IACHO KOMOPbIX B03MOINCHO NPOBEOEHUE OYEHKU
aghpexmusrHocmu cmpenvovl U3 CMpeEIKO8O20 OPYHCUSL.

Knrouesvie cnosa: ceoiicmsa opysicus, Kpumepuu OYeHKu, napamempuvl 3Q@exmueHocm, 6eposnmHOCHb.

Approaches to estimation of efficiency of shooting from small weapons
O.M.Droban, E.F.Zhohal'skyy

In the process of further re-equipping units of the Armed Forces of Ukraine with the latest models of small arms, the
modernization of existing weapons and the adoption of new weapons is taking place. This raises the task of providing divisions
with such weapons, whose properties would ensure the defeat of the goals set in various combat conditions. A large number of
scientific works are devoted to the study of this issue, in which the procedure for determining the effectiveness of small arms
shooting is described in detail. Today it became necessary to determine the combat effectiveness of small arms equipped with the
latest sights, various additional devices, as well as shooting at targets in the means of personal protection. In this paper, the
methods of system analysis and comparison consider existing approaches to determine the effectiveness of shooting and methods
of calculating performance indicators and generalize the main criteria for assessing the effectiveness of firing from small arms.
As a result of the analysis of the approaches under consideration, the following conclusions were drawn: for the purpose of
assessing the effectiveness of small arms shooting, indicators such as the probability of hit the target, the probability of defeating
the target, the average ammunition dispersion to fulfill the fire task, the average time spent on the task; Determining the
effectiveness of firing in accordance with the existing techniques requires carrying out large-scale and sufficiently complex
mathematical calculations, as well as numerous statistical testing of landfills. The main task of further research is to study the
effectiveness of the military use of small arms with collimator (thermal) sights and additional devices designed to increase the
effectiveness of weapons.
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OLIIHKA KOHTAKTHUX HAIIPYKEHb B CTAJIEBUX EJIEMEHTAX
KOHCTPYKIIN BOMOBUX MAIIINH

30invuenns macu 60t06UX OPOHbOBAHUX MAWUH [ HAAGHICMb YUKITYHO-3MIHHUX OUHAMIYHUX HABAHMAICEHD
npu3eo0samb 00 GUHUKHEHHs 8 Mamepiani KOHCMPYKYIll, 30KpeMda Cmanegoi 2ycenuyi, 00 €MHO20 HANPYI’CEHO20
cmany 3i sHauHuUMU (KpUMUYHUMLL) eK8I8ANEHIMHUMU HANPYICEHHAMU. [ 00CTIONCEHHA KOHMAKMHUX HARPYIHCEHb Y
Micyi OOMUKAHHA NIAOWUHU 2YCEHUYHOL NIaHKU [ pOOOYOI NOBEPXHI HANPAMHO2O KOAECd BUKOPUCIIAHO MOOelb 3
VPAXy8aHHAM CUTU MEpMs, WO 3ANeHCUMb 8I0 CUIU PO3NOOIIeH020 HOpMAnbHo2o mucky. Ilobydosano epaghiku
3MIHU HANPYJCeHb V YeHMPi ma HA Medci NIOWUHKU KOHMAKMY 3a 2AUOUHOK KOHMAKMY 3 YPAXYBAHHAM CUIU
mepms. Busnaueno exsisanenmue nanpycenns 3a 111 meopiero miyHocmi ma nOpPieHAHO 11020 3 AHANOSTYHUM, NpOme
6e3 ypaxyeanHs cuiu mepms.

Knwowuosi cnosa: mepms, niowunka KOHMAKmy, KOHMAKMHI HANPYJHCEHHsl, NIOCKa Oepopmayis, 06 emuull
HAanpysceHuli Cmat, meopis MiyHoOCM.
3HOIIYBAaHICTh. 3arajoM YHHHHKAMU IPUCKOPEHOrO

IlocranoBka npoodJiemu . )
3HOCY € MBHIAKICTH, Maca Ta IOTYXHICTb MallllHH,

306inblieHHsT MacH OOHOBHX OpOHBOBAHMX MAIIWH
3a PaXyHOK JIOFATKOBOTO HABAHTAKCHHS 030pOEHHIM
JUISl BUKOHAHHS 3aBJaHb, IXHS po0OTa B YKOPCTKUX
yMOBax JOJAIOTh JWHAMIYHHX HABAHTAXXEHb Ha
eNeMEHTH KOHCTPYKUii [1], mo mnpumBummye ix
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yIapHi HaBaHTAXXCHHsI, [isl aOpa3WBHUX YACTHH, HATST
I'YCEHHYHOT0 JIaHIora ToIo. Hacuiakom nepeagacHoro
3HOCY € 3MEHIICHHS TEepPMiHY CIYKOM T'yCEHHYHOI'O
JIaHIFora, BiOpallis MaIuHy mig 4ac pyxy. KpiMm 3HOCY
BHACJIIJIOK TEPTS HA KOHTAKTHHX IUIONIMHKAX JIAHOK
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4yepe3 BUCOKUEM MUTOMHN THUCK HAa Majii TUTONIMHII
KOHTaKTy BHHUKAIOTh MIKPOTPIIIUHH HIDKYC MOBEPXHI
KOHTakTy Ha pIBHI KOHIEHTpALil MaKCHMaJIbHUX
HampyxeHb [2]. Omxe, mpoOieMH IOBrOBIYHOCTI HE
TITBKH JIAHOK TYCCHWYHHX JIAHIIOTIB, aje W 1HIIHX
CTaJICBUX €JIEMEHTIB KOHCTPYKIi OOMOBHX MAIIWH IS
3MEHIIIEHH 3aTpaT Ha PEMOHT IIiJ] 9ac eKCIUTyaTarlii, € i
Hajajmi akKkTyadbHHIMH. TOMYy aKTyalbHUMH € i
JTOCITIIKEHHSI KOHTAaKTHHUX HAINPY)XEeHb, SAKi BUHHUKAIOTH
B 30HaX KOHTAKTY CTaJIEBUX EJIEMEHTIB KOHCTPYKIIIH
0OOHOBHX MAIIIKH.

AHAaJIi3 OCTAHHIX J0CTiIKeHb i myOJiKkamii

Jnst 3MeHIIEHHS JUHAMIYHMX HaBaHTAXKEHb 1
BiOpalliif BIPOAOBXK OCTAHHIX POKIB AEsSKI BUPOOHUKH
3aCTOCOBYIOTH HEMETalleBi €JeMEHTH KOHCTPYKIIiH.
Hanpuknan, ryceHuili 00HOBUX MAaIllH BUTOTOBJISIOTH 13
rymoBux cymirieii [1]. He3Baxkaroun Ha HH3KY mepeBar
I'YMOBHX T'yCEHHUIb, 30KpeMa 3MEHILICHHs PiBHs BiOparii
Ta 3arajibHOI Macy OOMOBOI MaIlIMHY, CTAJICBI TYCEHUIT 1
JTaJTi BIOCKOHATIOKOTE 1 3aCTOCOBYIOTE.

IMin uYac mnpOeKTyBaHHS MAIIMH 3HAXOKCHHS
MEeBHOro OanaHCy MiX MacaMy i po3MipamMH JIaHOK Ta
MUHAMIYHAM HAaBAaHTAXXCHHSM, SIKE 3QJICXKUTH BiJl MacH,
€ BamMBHM 1 ckiagHuM. OcoONMBO 1€ CTOCYETHCA
00OBHX MAaIllFH, IO OCHAIYIOTH TOJATKOBOK OpPOHEIO
Ta BUKOPHCTOBYIOTH IHINI HEOOXimHI 3aco0M Ui
3axucry ekimaxis. 3a [1] BMII Warrior mpu
MOCTYIUICHHI Ha 030po€eHHs Baxkiia 25,4 TOHHH, a Mics
MojepHizamii 1i Bara icrorHo 30imbmimiacs. Crajesi
rycenutr kommanii Cook Defence Systems Burpumanu
301/IbIICHHS
wiatpopmu. OmHak  30iIbIICHHS MacH  MAaIluHU
HEMHUHYYE 3MEHIIYE JIOBIOBIYHICTh TyceHulb. Ha puc. 1

Barn 0€3 3HIKCHHS XapaKTePUCTHK

[2] mokaszane cxiguacTe 3HOILIYBAHHS CTAJEBOI JTAHKH
I'YCEHHYHOT'O JIAHIIOra, SKe 3’SIBJSIETBCS B IIBHJIKO-
X1JIHUX MAIHH i3 BEJIUKUM 1pooiroM. CXifri Ha KiHIIIX
ryceHnuHoi JaHku (1 Ha puc. 1) BUHHKAIOTh YHACHIIOK
30UIBIICHHS MHMTOMOTO THCKY Yepe3 3MEHIICHHS B
MIPOIIeCi 3HOIIYBAHHS IDIOIII MMEPEKPUTTS JTaHOK. CXimii
B cepenHiii yactuni janku (2 Ha puc. 1) BUHUKAIOTH
Yepe3 3MEHIICHHS IUIONII KOHTAaKTy IUIOIIMHH JIAHKHU 1
Po0OOYOi OBEPXHI HANPSIMHOTO KoJeca.

Puc. 1. JinsiHKA 3HOCY JIAHKHM T'YCEHMYHOT0 JIAHIIOTA

Enementnn  KOHCTpyKWi#i  0oifoBMX  MalluH,
MOEMHAHI y BIAMOBITHUN CMOCIO, KOHTaKTYIOTh MiX
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coboro. Ilin wuac HaBaHTaXEHHS CHJIAMM B HHX
BUHMKAIOTh KOHTAKTHI HalpyXeHHi Ta nedopmarii.
Marepian y Micli KOHTaKkTy, HE Maroud MOXIIHUBOCTI
BinbHO JedopmyBaTuCh, TepedyBae B 00’ €MHOMY
HanpyxkeHomy crasi [3, 4, 5]. KoHTakTHI HampyXeHHs
MAalOTh MICIIEBHH XapakTep i MBUAKO 3racaiTh y Mipy
BilIaNIeHHsT BiJl MicIl KOHTakTy. OJHAK BOHH MOXYTbH
OCSTaTH BEJIMKAX 3HAYEHH 1 3MIHIOBATHCH LMKIIIYHO.
KpiMm ToOro, KoHTakTHa B3a€MOIISl CYNPOBOKYETHCS
BUHUKHEHHSM TpIIIMH Ol 30HM KOHTakTy. Teprs Ha
NOBEPXHAX KOHTAKTY CIpHUSE€ MNPUCKOPEHHIO  iX
3HOIITYBaHHS.

DopMyJIIOBAHHA METH CTATTI

Merolo pobOTH € JOCHIIKEHHS PO3IMOALLY
KOHTaKTHUX HalpyKeHb [0 IIHPHHI Ta TIHOMHI
TUTOLIMHKY KOHTAKTY CTAJIEBUX €JIEMEHTIB KOHCTPYKIIH
0OMOBHX MAaIlIMH 3 ypaxyBaHHSIM TEPTS HA MOBEPXHSIX
KOHTaKTY.

Bukisiag ocHOBHOro Martepiany

KonTakTHa B3a€MOIisl €IIEMEHTIB KOHCTPYKIIii, sIKa
BiZOyBa€ThCS B3IOBIXK JIiHii, po3risiHyTa B pobori [6]. 3a
BIJICYTHOCTI TEpTs HA TOBEPXHI IUIONIMHKH KOHTAKTY

BHHHKAIOTh TaKi TONOBHI HampyxeHHs. o; = —0.6p,;
g, = —'l.[]p:; gy = —'l.[]p:, e p, - HaloOibIIe
3HA4YCHHS 3O0BHIIIHBOTO THCKY Y LEHTPl IUIOMIMHKH
KOHTaKTY. Haii6inburi JOTHYHI HAIpPYKEHHS

JOPIBHIOOTh Ty = 0.3p, i BUHMKaIOTH Ha rMOMHI

z=078a Big TmTOBepxHI  KOHTakTy. [ 0JOBHI
HAalpyXeHHs Ha Wi mmbuni: oy = —0,188p;
g, = —0.18p,; g = —0.788p,. ExBiBaneHTHI

HANPY)XEHHs, SKI 3a TPEThOIO TEOPIEI0 MIITHOCTI

: im _ :
JOPIiBHIOKOTh Gy = @y — &3, Y LIEHTPi IUIOIMHKK Ha
iy

HOBEPXHI KOHTAaKTy HaOyBalOTh 3HaueHb 7., = O.4p_,

a B ICHTpI IUIONMHKH Ha TioubuHi == 0.78a -
mo_

T axa U.ﬁp:, Jie @ — MiBITUPUHA TUTONIWHKA KOHTAKTY.

OmHak y Takii KOHTaKTHI B3a€MOJii CIIEMCHTIB
KOHCTPYKIII He BpaxoBaHa CWJia TepTsd, SKa BHHHKAE
NpH IXHbOMY B3aEMHOMY TI€pEMillleHHI.

Jlnst mociipkeHHS KOHTAKTHUX HATIPY)KEHb Y MiCIIi
JNOTHKAaHHS TUIOIIMHU TYCEHWYHOI JIaHKH 1 pPoOouoi
MIOBEPXHI HATPSMHOTO KOJIeca JOIIFHO BHKOPHUCTATH
MOJIEITh 3 YPaxyBaHHAM CHIH TepTst (puc. 2 a).

Y pasi B3aeMHOro TEPEMIILCHHSI EJEMEHTIB
KOHCTPYKLIT Ha TIOBEpXHSAX BUHUKAE PO3MOJILICHA
B3JIOBXK JTIiHIT KOHTaKTy CHJIa TEpPTs g, SKa 3aJeXKHUTh BiJI
CHJIM PO3MOJIIICHOTO0 HOPMATEHOT'O THCKY 2

q:.f;i-‘y

ne f_, — xoediuient suennenns B napi tepta [4], ms

CTaJeBUX eeMEHTIB KoncTpykuin £ = 0,105.
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Puc. 2. KonTakT HWJIiHIpA 3 IOBEPXHEIO 32 HASIBHOCTI
CHUJIY TepPTsl HA IUIOIHHI KOHTAKTY:
a — cXeMa KOHTAKTY eJIeMeHTIB KOHCTPYKHii;
6 — HaMIPY:KeHHii CTaH y TOYLi HA MOBEPXHi KOHTAKTY;

6 — HANPY/KeHHii CTaH y To4li Ay Ha JBii MeXKi IIOIMHKI
KOHTAKTY; 2 — HANPY:KeHWH cTan y To4ui A, Ha npasii
Me:Ki IJIOIIMHKH KOHTAKTY; O — HANMPY:KeHUH CTaH B

TouNi Ay mix NoBepXHeI0 KOHTAKTY

3a HAsBHOCTI CHJIM TEPTSl HA MOBEPXHI KOHTAKTY
BHUHMKAIOTH SIK HOPMaJIbHI, TaK i JOTHYHI HaNpyKEHHS.
JloTH4HI 3yCHIIA Ha IUIONMIMHII KOHTAKTY 3aBIIHPIIKH
2@ po3moIiieHi BiAMOBiAHO M0 3aexkHoCTi [4]

glx) = -I_-%wﬁ — =,

e 3HaK BIJIOBiZJa€ Bil’€MHOMY HANPSAMKY
BiTHOCHOTO TIEPEMIIIICHHSI €JIEMEHTIB

Haii6inpie JOTUYHE 3yCHILIA

MIBUAKOCTI ¥
KOHCTPYKIIT.
q, = f Py = EI.'LEIS;:: BUHUKAE B LEHTPI IUIOMIMHKH
koHTakTy (= = 0).

VY ToYKax eNEeMEHTIB KOHCTPYKLiH B Mexax
IJIOIIMHKA KOHTaKTy Bin maii HopMambHoro p(x] Ta
JOTUYHOTO (X} 3ycWwib BHHHKAE 00 €MHHIA
HanpyxeHuit cran (puc. 2). Hanpyxenua (@ )y, (@y)g

(o2)p (Tazdo

BUKIMKAHI CHJIOK p(x), HampyKeHHs
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(ox)gs (005 (G2)g (Tyzlg — cunoro g(x). 3arazom
BBaXatoTh [3, 4], o HanpykenHs i nedopmarii Big mii
HOPMaJbHUX 1 JOTHYHUX CHJI € HE3AICKHUMH, TOMY
HampyXeHOo-1ehOPMOBaHU CTaH B  TOYKAaX  Til
BU3HAYAIOTh 32 PHHIMUIIOM CYIIEPITO3HII1.

I'padixu 3MiHE HANPYXKEHb (&, )y, (oy )y (0705 Y
MEeHTpi TUIomMHKK KoHTakTy (x = 0) 3a rmMOuHOIO

KOHTAKTY 2 /o moxaszani Ha puc. 3.

o 02 04 06 O, 1

, /Do,

Puc. 3. 3mMina Hanpy:KeHb Y HEHTPi MIOIIMHKHA
(x=0) 3a rTMONHOI0 KOHTAKTY 3 yPaXyBaHHIM CHJIH
TePTsl HA MOBEPXHi KOHTAKTY

Hanpyxenns  (gy)g, (@z)p (Taz)y B UCHTPI
TUTOLIMHKA KOHTAKTy JIOPIBHIOIOTH HyJeBi. Y Toumi 4
Ha TOBEpXHi ko = =0 (puc.?2a),
BUHMKAIOTh HANPYXKEHHA (T ly = —Ppr (Fzlp = —Pn
(0y)p = —al(@y), + (02)5] = —0.6p,;

(Tazdo = —@0 = —f -pp = —0.105p, (puc. 26). V
tourti A; Ha oBepxHi (z = 0) Ha miBiif MeXi TUIOIIMHKH

KOHTAaKTYy,

KOHTakTy x = —a (puc. 2B) BHHHKA€ HAINpPyKEHHS
CTHCKY ( &y}, MAKCHMAIIbHE 3HAYCHHS SKOTO JOPiBHIOE
2qp (puc. 26). V tourti A, Ha moBepxHi (z = 0) Ha
npaBii  MeXi IUIONIMHKK KOHTAaKTy, KOIH X = @
(puc. 2 a), BHHHKAE HANPYKCHHS  PO3TACY,
nopiBHIOE (gy)s = 2g; (puc. 21). Ilin noBepxHero

SAKE

KOHTaKTy HE Ha OCi £ y TO4Ykax #A; eJeMEHTIB

KOHCTPYKIIl HanmpyKeHHs @y, o, O, Ty (puc. 2 n)

JIOP1BHIOIOTH:

=)
I

= (0), + (@),
gy = ':ﬂ_ﬁ']u- + ':”_a-]:,;
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.= (@), + (@)
= (72), + (722),

I'padixu 3MiHM HampyXeHb, SKi BHHHWKAIOTh Ha
MeXaX IUIONIMHKH KOHTakTy (¥ = £a), 3a TIHOUHOIO

r.'l.':

KOHTaKTy 2/ mokazano Ha puc. 4.

0 03 : 15 2, o,
72
(o),
0,5 o
1
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12T
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Puc. 4. 3miHa HanpyKeHb 32 TJTHOMHOK KOHTAKTY 3
YpaxyBaHHSIM CHJIM TePTs HA MOBEPXHi MeKi MIOIMMHKH

KOHTaKTy [.t = iu]

Sx BUAHO 3 puc. 2 0, HANPYKEHHA Ty ly, (@y e
(o2l
noBepxHi koHTakty (z = 0) He rojoBHi, TOMY IO
BHHHKAIOTh IIE JOTUYHI HANOPYKEHHA (Tpy)y. s

y uenrpi mwiommekd y Ttoumi A (x =0) na

OOYMCIICHHSI TOJOBHMX HampyXeHb Yy I Toumi
BHKOPHCTOBYIOTh XapaKTepHCTHYHE PIBHSHHSI TEH30pa
HaIpyXeHb

o' =1, o'+, ro-1I =0,

I3

I, .

ne I, . I — IHBapiaHTU XapaKTEepUCTUYHOIO
T 4

PiBHSHHSI TEH30pa HANIPYXXEHb, SKi JOPIBHIOIOTH:

le =0, + ay + o

Tpe ™ Tyo

I, =g,'0,+0,'0.+0,'0.— T, —
2. x " Oy y OsT OO0, Iy = 1

g g T T T — @ =Th —
o - ISI'; & T.".'_'l' T:I o r.".'; H.".' T.I o

I

J_,,_ﬂ

X
2
T

xy

2
L R -

3a oOuMcieHMMU iHBapiaHTaMu ISl TOYKH A Ta
MICJIA TiJCTAHOBKU iX 3HAYCHb y XapaKTCPUCTUYHE
PIBHSIHHSI MAEMO

6° — 2.6p, ' 0" +(2189p0) - o — (0.593p]) = 0.
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3 pO3B’S3Ky OCTAHHHOTO PIBHSHHS BEIHYMHU
TOJIOBHUX HANpPYXCHbh HAa IIOBEPXHI KOHTAKTy TaKi:
g, = -0.6p,; 6, = —0.895p,; 6, = —1.105p,.

ExBiBaneHTHE I

MIITHOCTI

HamlpyXeHHS 3a TEOpi€I0

m _ .
Taz = 0.305p,.
SIKII0 MTOpIBHIOBATH II€ €KBiBaJICHTHE HATIPYXKCHHS

3 aHAJIOT1YHHM, III0 BUHUKA€ Ha TIOBEPXHI KOHTaKTy 0e3

ypaxyBaHHsA CHIHU TepTsd i gopiBHIoE &, = 0.4p,, TO
€KBIBAJICHTHE HANpPY)KEHHS B [EHTPI Ha TOBEPXHi

TUIOIIWHKK  KOHTAaKTy 3a HAsBHOCTI  CHJIM TEPTA
m

36inpummnocs npuonusno Ha 15 %. I'padik 3MiHn o,
3a MIMOWHOI0 KOHTAKTY B LEHTPI IUIOIIMHKKA MOKa3aHO
Ha puc. 3. Haiibinpmoro 3Ha4yeHHs Erlal}lm HaOyBac B
Toukax Ha riumOumHi = = 0,84, B AKMX MakcHUMaJbHI
JIOTHYHI HANpPYKEHHS JIOPIBHIOIOTh

== = 0,301p,.

rl A =

BucnoBku

[IpoaHanizoBaHO HANPYKEHHH CTaH y TOYKax
@JIIEMEHTIB KOHCTPYKIH 3a TJIHOMHOIO KOHTakKTy 3
ypaxyBaHHAM CHIIH TEPTS Ha MOBEPXHI.

3 BpaxyBaHHSIM CHJIM TEPTS Ha IIOBEPXHI KOHTAKTY
JOTHYHI HANPY)KCHHS BUHHKAIOTh NMPAKTHYHO HA TaKii
camiii BiagcTaHi 3a TIMOMHOIO KOHTakKTy, fAK 1 0e3
ypaxyBaHHA cmi TepTs. OmHAaK Ha MOBEPXHI B HEHTPI
IUIOLIMHKK KOHTAaKTy €KBIBAJICHTHI HANpPYXEHHS 3a
TPEThOIO TEOPI€I0 MIIHOCTI OyAyTh OLIBIIMME Maibke
Ha 15%, HiX Ti cami HampyxeHHs, oO4ucieHi Oe3
ypaxyBaHHS CHIIN TEPTS.

Ha wmexax TIUIOHMIMHOK KOHTaKTy Ha MOBEPXHI
KOHTaKTy BHHMKaTUMYTb HaIPYKECHHA CTUCKY Ta
HAMPYXEHHS PO3TATY HA MEXaX JUISHKA KOHTAKTY.
Otmxe, pyllHYBaHHs CJIEMCHTIB KOHCTPYKII Ta MOsBa
BTOMHHX TPIiIIMH MOKE MOYMHATHCH HE B LICHTPI, a Ha
MeXax IUIOIIMHKK KOHTakTy. Kpim Toro, HasBHiCTBh
JOTHYHHMX HANpPYXXCHb il I[OBEPXHCI KOHTAKTY
BUKIMKae pgedopmamii 3cyBy, SKI € IIPUYNHOIO
pyliHyBaHb MaTepially eJNeMEHTIB KOHCTPYKHii 3
TITHOWHM.

3pocTaHHS 30BHIIIHBOTO THCKY Ha CIEMEHTH
KOHCTpP YKl T'YCEHHYHOTO JIAHITOTa 4epes
[EePeBaHTAKEHHS KOHTAKTHHX MMOBEPXOHB (301/IbLICHHS
MacH MaIIMHH) 1 HasgBHICTh  LUKIIYHO-3MIiHHHX
OUHAMIYHHX HABaHTAXEHb (TaK HABAHTAXKCHI JIAHKU
[YCCHHYHOIO JIAHLIOTAa) 3YMOBIIOE BHHHUKHCHHS B
MaTepiai  00’€MHOr0  HANpYKEHOro  CTaHy 3
CKBIBAJICHTHUMHU  HANpPYXEHHSMH,  SIKI  MOXYTb
MEepeBUILYBAaTH MEXy BUTpuBaiocti. Ha neBHid
rIUOMHI  BiJI TOBEPXHI KOHTAKTy 3apOMXKYIOThCS 1
3pOCTAOTh MIKPOTPIIIUHMA. 3 YacOM Il MiKPOTPIIIUHH
PO3POCTAIOTHCSI, BUXO/ATh HA MOBEPXHIO, BUKIHKAIOUH
Bi/IIAPYBaHHS Ta BUKPUIYBaHHs matepiany. Uepes 1e
MOBEPXHSI KOHTAKTY 30iJbLIYETHCS, a eKBiBaJeHTHE
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HamNpy)XeHHs  3MeHInyeThes. Komu  exBiBasmentHe  https://osl.ru/article/4249-otsenka-haraktera-iznosa-
HATIPY)KCHHS € MCHIIMM BiJl MEKI BHTPUBAJIOCTI, TOJI hodovog.o-mehanizma—i-tipichnye-.povrejdeniya.-sekrety-
IpoLec BHKPULIYBAHHS MPUIMHAETBCA. SIKIO oK dolgoletiya-hodovoy-chasti-gusenichnyh-mashin-ch-4.
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O1eHKa KOHTAKTHBIX HANIPSKEHUI B CTAJbHBIX 3JIeMEeHTAX KOHCTPYKIUIi §0eBbIX MAIIIMH
X.W. JIummackas, JI.®O. I3100a

Veenuuenue maccer 60esvix 6pOHup06aHHblx Mawun U Haiuyue YUKiIudecKu-nepemerHnblx OUHAMUYECKUX HAaepy3oK
npu@oc)}zm K 603HUKHOBEHUIO 6 Mamepudaie KOHcmpyKuuﬁ, 8 YACMHOCMU CMAIbHOU 2yCeHuybl, 0bvemHozo HANPANCEHHO20
COCMOAHUA CO 3HAYUME/IbHbIMU (Kpumultecxu/wu) OKBUBAJICHNMHbIMU  HANPAHCEHUAMU. ,ZZ/Z}Z UCCIe008aHUsL  KOHMAKMHbIX
HLZI’lp}Z.’)fC@HMlJ 6 Mecme CmblKOBKU HNJIOCKOCMU 2YCEeHUYHO20 36€eHa U pa6oqet7 noeepxHocmu Hanpasjsdroueco Kojeca
UCNONB3068AHA MOOEIb C yuemom Cujlbl mpeHus, Komopoe 3asucum om Cuilbl pacnpe()eﬂeﬁnozo HOpMAjlbHO2CO oasnenusl.
HocmpoeHo epaqbuKu U3BMEHEHUA Hdnp}ZJfCeHLMZ 6 yenmpe u Ha cpanu njioCKocmu KoHmakma no 2/1y6uHe KOHmaxkma ¢ y4emom
CUJIbl MpeHusl. Onpe()e/leHo IKeUBAIEHMHOEe HanpsdiceHue no i meopuu npoYHoCcmu U CpasHeHo eco ¢ AHAJIOCUYHbIM, 00HaKo 6e3
yuema Cuibl mpeHus.

Knwueesvie cnosa: mpenue, nji0CKOCnb KOHmMAaxkma, KOHMAKmHble HANPANCEeHUs, NI10CKAs de(j)op/wauuﬂ, obvemHoe
HAanpAsCeHHoe COCMOosAHUe, meopusl npo4Hocmu.

Estimation of contact stresses in the steel elements of designs of combat vehicles
Kh. Lishchynska, L. Dzuba

Scientific article perspective. Caterpillar armored vehicles remain a basis of the attacking forces of most armies, despite of
a changeable combat situation. However the modern rigid methods of conducting of combat operations lead to increase of
dynamical loads. In particular uses of additional armament and a guard of machines leads to increase in their weight and,
respectively, loadings which reduce a longevity of caterpillars. Therefore the problem of a longevity of links of caterpillar chains,
and other steel elements of designs of combat vehicles, is actual. As known that the elements of designs of combat vehicles,
connected in the corresponding method, contact among themselves. In a time of a loading forces in them results from contact
stresses and strains. Material in the place of contact, without having an opportunity to be deformed freely, is in volumetric
stressed state. Contact stresses have local character and quickly decrease in accordance with a distance from a place of contact.
However they can reach great values and cyclically change. Besides, contact interaction is followed by cracks near a contact
zone. A friction on the surfaces of contact promotes acceleration of their chafing.

The purpose. The purpose of the work is the research of distribution of contact stresses on width and depth of a plane of
contact of steel elements of designs of combat vehicles taking into account a sliding friction on the surfaces of contact.

Essence of researches, used methods. For research of contact stresses in the place of contact of the plane of a caterpillar
link and effective area of the directing wheel, the model taking into account a frictional force is used. In that case on the surface
of contact arise both normal and tangents stresses.

It is built graphs of change of stresses in the center of the plane and on a surface of border of a plane of contact behind
contact depth taking into account a frictional force. The equivalent stress in accordance with 111 theory of strength is determined
and compared it with similar, however without a frictional force.

In work elastic theory methods are used.

The received results and conclusions. A stressed state in points of elements of designs with the contact depth is analysed in
view of a frictional force on a surface. It is shown that the tangential stresses arise practically at the same distance of the contact
depth, as well as without frictional force. However on a surface in the center of a plane of contact the equivalent stresses
according to the 111 theory of strength will be larger almost for 15%, than the same stresses calculated without a frictional force.
On borders of planes of contact on the surface of contact there will be stresses of stretch and stresses of press on borders of the
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site of contact. Therefore destruction of design elements and emergence of endurance cracks can begin not in the center, but on
borders of a plane of contact. Besides, existence of the tangential stresses under the surface of contact causes shearing strains
which are the reason of destructions of material of design elements from depth.

Increase in external pressure at design elements of a caterpillar chain through an overload of contact surfaces and
existence of cyclic-variable dynamic capacity predetermines emergence in material of a volume stressed state with the equivalent
stresses, which can exceed limit of endurance. At a particular depth from the surface of contact microcracks arise and grow.
Over time these microcracks expand, come to a surface, causing a spalling and chunk-out of material.

Key words: friction, plane of contact, contact stresses, flat deformation, volumetric stressed state, theory of strength.
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M.IO. Mokpouskuid, P.C. IllocTak

Hayxoeo-oocnionuti yenmp pakemmuux iticox i apmunepii, m. Cymu

AJJAIITUBHE IIVIAHYBAHHS B IHTEPECAX PO3BUTKY 3PA3KIB PAKETHO-
APTHJIEPIMCHKOI'O O35POEHHS

Y ecmammi npedocmasneni ocrosni éumozu ma nioxoou 00 a0AnMueHO20 NIAHYEAHHS, SKI MOJICYymMb Oymu
BUKOPUCMAHI 8 CUCMEMI 60EHH020 npusHayenns. Ha ocnosi ananizy konyenmyanbHux ocHo8 meopii aoanmayii ma
aoanmueHux cucmem 6UOLNEHI OCHOBHI XapaKmepucmuku wooo eracmueocmel adanmusHocmi. Busnaueni
HeoOXiOHi enemenmu Ol  PO3POOIEHHA AOANMUEHO20 WIAHY 6 I[Hmepecax po3GUMKY 3pd3Kie paKemHo-
apmunepilicbko2o 036pocnns. Hasedena munoea cmpykmypa aoanmugHo20 niamy 6 iHmepecax po3gumKy 3pasKie
PAKEMHO-apMUNepiticbko2o 030pocHHsl, sika nepedbauae 3acmocysannsi cmpameeiunozo ananizy — SWOT-ananizy,
yinenepedbauents, MOOen08AHHS 0OPUCY OAHNCAHO20 CIAHY, THOUKAYIIOBAHHS Ul eKCHEPMHO20 AHANI3Y .

Knrouosi cnosa: cucmema 80€HHO20 NPUBHAYEHHA, AOANMUBHE NJIAHYSAHHA, AOANMUBHUU NIAH 3aX00i8,
PAKEeMHO-apMUNEPItiCbKe 030POEHHS.

PO3BUTKY paKeTHO-apTUIIepiiiChKOr0 030pOeHHS, a
came:

opraHaMu ynpaBJiHHS HEIOCTaTHHO BPaXOBYETHCS
CYMICHUI1 BIUTMB BHYTPILIHIX 1 30BHIIIHIX YAHHHUKIB Ha

IlocranoBka npoodJiemu

[MocTiliHO yTpUMyBaTH OpraHi3allilo Ha TPaeKTopil
CTIHKOTO PO3BHUTKY, aJ€KBaTHO pearyroud Ha ii cTaH i

3MiHH B 30BHIIIHBOMY Ta BHYTPIIIHBOMY CEpPEIOBHILI, —
¢byskuis amantuBHOI crtparterii [1-3]. EdextuBne ii

BUKOHAHHS BU3HAYAETHCS iH(OPMATHBHICTIO
nmapameTpiB  craHy, (akTopiB  30BHIIIHBOTO  Ta
BHYTPIIIHHOI'O ~ CEpPENOBHUIA  CHCTEMH  BOEHHOTO

npusHauersst (CBII), Meromamu iX BUMIpY, SKICTIO il
11010 YIPaBIIHHS Ta PETYISATOPIB.

BignoBigHO [0 3aradbHOTEOPETUYHUX IMIAXOIIB
[4] CBII mouineHO poO3TISIIATH K MEPEXKY i€papXiuHO
pO3TalIOBaHWX OpraHi3amii, ycTaHOB 1 BIHCHKOBHX
gacTuH (MiApO3aiTiB), AKi 3HAXOMATHCSA y BiMHOCHHAX i
3B’SI3KaxX OJWH 3 OJHHUM Ta YTBOPIOIOTH NEBHY LIJIbHICTh
1 €IHICTB.

B ymoBax BmuBY (hakTopiB 30BHILIHBOTO Ta
BHYTPIIIHLOTO CEPEIOBUINA, SIKI 3MIHIOIOTHCS, CTIMKHNA
posButok CBII Moxe Oytu mocsarHyTuil ii 3maTHiCTIO
CBOEYAaCHO Ta aJeKBaTHO pearyBaTH Ha
OOCTAHOBKH,  BHKOHYBAaTH  BH3HA4YeHi  3aBJaHHS,
JOCATaloud HaMIYeHHMX I[ijIei, — TOOTO aJanTHBHICTIO.

Pazom 3 mmm, icHyroui BitumsnsHi CBII marotsb
CYTTEBI HEIONIKM SK B Tpolecax IUIAaHYBaHHS CBOI
JUSUTBHOCTI Yy IIJIOMY, Tak i B IHWTaHHSX IUIaHYBaHHS

3MiHU
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MPOLIECH TIAaHYBaHHSI Ta TX B3a€MO3B'SI3KH;

CmaOKi BHYTPIIIHI 3B A3KM  MIiAMOPSAKOBAHUX
oprasi3aiiii Ta yCTaHOB,;

HEIOCTATHI pIBCHb MiJTOTOBKM KaJpiB IIOJ0
3JIIiCHEHHS TOBIOCTPOKOBOTO IJIAHYBAaHHS;

JOBruii  Ta  OIOpOKpaTWYHUHA  IUIAX
3aTBEP/PKCHHSAM | BUKOHAHHSM DILICHB,

cimaOKe BUKOPHUCTaHHS HAYKOBOi Oa3u.

Ha muHimmEROMY eTami pedopMyBaHHS i pO3BUTKY
3C VkpaiHm BHWHHKIA HarambHa TmoTpeda y
BIIPOBA/DKEHHI IHHOBAIIMHUX MIiAXOMIB Yy TMpOIEecH
IUIAHYBAHHS i yIPaBIIiHHS 3 BUKOPHCTAHHAM CYYacHUX
METOIB AoCipKkeHb. [TiABUIeH s BiAIOBIAaIbHOCTI Ta
HEOOXIJTHICTh CBOEYACHOI'O pearyBaHHS Ha KPHU30BI
cutyauii B nutanHsx 3abe3neyenus 3C Ykpainu cydac-
HUMU 3pa3kamu PAO, oco0nuBO B ymMoBax 30poiHOTrO
KOH(QIIIKTY Ha cXoii YKpaiHH, CIIOHYKA€ JI0 Meperisiay
TPAIUIIMHUX TPOIECIB IUIAHYBaHHS, SKi IIOBHOIO
MIpOI0 He 3a0e3MeuyloTh CBOEYACHE MPHUCTOCYBAHHS
CBIl nmo 3MiH 30BHIIIHROIO Ta BHYTPIIIHHOTIO
cepeloBUIIAa. YCTAaHOBM U oprasizamii, BiifiCbKOBI
YaCTHHHU BUSBILSIFOTBCS HETOTOBHMHU JI0 OIIEPAaTHBHOIO
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