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Po3znaHymo demasneHy MemoOuKy i pe3ynbmamu ekcnepu-
MeHManeHUx 00CnioXeHb 0il04020 Makema 3acoby BUMIPIOBAH-
HA weuodkocmi pyxy cHapsaoa 8 kavani cmeona. [posedeHo 0o-
CNiOXeHHA ONMUYHOI AKocmi c8imaonos8epmanbHo20 nokpum-
ma ma (o020 eniugy Ha 6anicmuyHi xapakmepucmuku cHapAoa.
OmpumaHo Kpusi weuokocmi pyxy cHapAaoa Ha dito4omy makemi
3acoby 8UMIpIOBAHHA Ma NPOBEOeHO ix aHAnI3.

The work is devoted to the consideration of the methodology of
experimental research of velocity measuring tool of the projectile in
the barrel. The content of individual stages of conducting research is
outlined. The research of the optical quality of the reflective coating
is carried out. It is shown that the use of reflective paint and enve-
lope in the coating of the front part of the projectile provides an ef-
fect of retroreflection, sufficient for the Doppler frequency shift. The
influence of the retroreflective coating on the ballistic characteristics

Kniouosi cnoea: 8umipiosaxHs, weudKkicms, CHApAO, 802HeNANbHA 36POs, KAHAN CMBOJId, C8iMI0N08epPMAnbHe

NoKpUMMS, 71a3epHa aHeMoMempis.

Keywords: measuring, velocity, projectile, firearm, barrel, reflective coating, laser anemometry.

QKINBE 3HAYEHHA B IMPOLIECAX CTBOPEHHS, MOAEpHi3allii, BUIIPOOYBAHHA Ta €KCIUlyaTa-
Uil CyJacHMX 3pasKiB BOTHeManbHOI 36poi MalOTh [aHi CTOCOBHO GaNiCTUYHUX eeMeH-
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of the projectile has been investigated. It is defined that the relative
increase of the mass and dimensions of the projectile, wich caused
by the planted of the retroreflective coating on its front part, does
not exceed, in accordance 0,10% and 0,025% of its output mass and
length, therefore, the effect of these projectile parameters is too small
and unable to exert a noticeable effect on its ballistic characteristics
during of movement in barrel.

The velocity projectile curves were carried by experimentally on
an valid layout of the measuring tool , and their analysis was car-
ried out. The possibility of using the double differential method of la-
ser Doppler anemometry to measure the velocity of the projectile in
barrel has been confirmed. Found that form the experimental curves
velocity corresponds to the expected nature of the increase veloci-
ty of the projectile in the barrel of velocity measuring tool. The ad-
equacy of the mathematical model of the measurement tool which
obtained theoretically is confirmed.

TiB MOCTPiNY — 3anexHocTi TMcKy P(f) MOPOXOBUX rasiB Ta WBUAKOCTL V(f) cHapaza Bip
yacy ¢ oro pyxXy B KaHali cTBoNA. MOXAUBOCTI 3acTOCyBaHHA BifoMocTeit mopo 6Ganic-
TUYHUX €JIeMEHTiB IIOCTPiNy ITif, Yac CTBOPEHHA HOBIiTHIX 3pa3kiB 36Poi, TOTOYHOrO KOH-

TPOJII0 TEXHIYHOTO CTAHY BOTHENANbHOI 30poi Ta 3a BUpimeHHA iHWIMX 3aBRaHb AeTalb-
HO pO3rnaHyTo B [1—4].

[Ins BU3HAYEHHA 3a/leXHOCTL V(f) MOXe OYTU 3aCTOCOBAHWW NasepHWil AOIMIUIEpiB-
CbKUit 3aci6 BuMiptoBanHA (3B), mpuHUMIIM NMOOYROBU Ta KOHCTPYKLiA AKOTO 3arpOIIOHO-
BaHi B pobori [5]. V Hill e BUKNAAEHO Pe3yAbTaTU AOCAIIKEHHA IMpale3faTHOCTi mo-
nBinHol audepenuintoi cxemu nasepHoi pommnepiscbkoi aHemoMeTpii, a TakoX 3ampo-
MMOHOBAHO MaTeMaTW4YHy Mogpenb Takoro 3B. YV cmekTpi 3miHHOI cknapoBoi ¢hoTocTpymy
3B mpucyTHA cknanosa 3 yacrorolo F=2f v(cosa—cos [3)/ ¢, fiKa € CTiNKO0 A0 IPOCTO-
POBOI HEY3TOAKEHOCTI 30HAYBANbHUX TPOMEHIB Ha MOBEPXHI cHapaaa (TyT f — vacroTa
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Jla3epHOT'0 BUITPOMIHIOBAHHSA, V — WIBUAKICTb PYXY CHa-
pAna, o, B — KyTW MmajiHHA 30HAYBaNbHUX IPOMEHIB
Ha [TOBEPXHI0 CHAPAZ], ¢ — LWIBUAKICTb PO3TOBCIOLKEH-
HA €JIeKTPOMAarHiTHUX KOIWBAHb Y CepefoBulLi).

Ananis gxepen moxn6ok 3B mBUAKOCTI pyxy cHaps-
I TPoBefieHo B po6oTi [6]. CTPYKTypHa cXeMa, IPUHIU-
T OTpallloBaHHA BUMiploBaibHOI iHdopMmauii Ta anro-
pUTMiuHi ocHOBW GyHKLioHYBaHHA 3B urBUpKocTi pyxy
CHapAfa B KaHani CTBONA PO3IJIAHYTO B CTATTAX [7, 8].

OpHak OOIPYHTOBaHI BUCHOBKU 1OZO IPUHLUIIO-
BOI MOMJWBOCTI CTBOPEHHA Ta 3aCTOCYBaHHA Cyvac-
HOTO J1a3e€pHOTO [JoIIUlepiBcbKoro 3B mBuakocTti py-
Xy CHapaja B KaHani CTBOZA MOXHA 3p0o6UTM nulre
3a pe3ynbTaTaMu OiNblUl peTeNbHUX eKCIIepUMEHTallb-
HUX JOCHifKeHb Moro piroyoro Makera. OTxe, mocTae
aKTyaslbHe 3aBLaHHA 3 peanizauii ekcrepuMeHTanbHUX
LOCNiI)KeHb, CIPAMOBAHWUX Ha BUBYEHHA 0COONUBOCTEN
BU3HAYEHHA WIBUAKOCTI PYXy CHapsaja 3aIlpoOIOHOBA-
HUM 3aC000M BUMIipIOBAHHSA.

IIa crarTa 3aBeplurye HU3KY my6nikauin [5—8],
V AKUX BifoOpa)KeHO pe3yibTaTu IMOUIYKOBOTO eTamy
CTBOpPEHHA po3rnaxyToro 3B.

Mema cmammi — pO3TNAL METOANKU eKCIIEPUMEH-
TaNbHUX LOCHiMKEeHb 3ac00y BUMIpIOBAHHA UIBUAKOCTI
DYXY CHapsAfa B KaHali cTBoNA Ta 06TOBOpEHHS ix pe-
3yJIbTATIB.

BUKJIAJEHHA OCHOBHOI'O MATEPIANIY

[Inan mpOBeLeHHsS EKCIIEPUMEHTAIHUX [OCIIIKEHb
MICTUTb Taki eTarmu:

® IOCH/PKEHHA ONTUYHOI AKOCTi CBITJIOMOBEpPTANILHO-
ro nokpurra (CIII);

e nocnipkents BBy CIIII Ha GanicTuyHi xapakTe-
PUCTVKU CHApAA3;

® OTPUMAHHA KPWBWUX WIBUAKOCTI PyXy CHapsana
Ha pitogomy Maxeti 3B Ta ix ananis.

Hitounit maxet 3B, ycTpiii Ta mapamMeTpu AKOTO AeTajlb-
HO PO3IMAHYTI Y [5], CKNAMAETbCA 3 OMTUYHOI, MeXaHiuHOi
Ta €JIEKTPOHHOIL YaCTUH.

Jo onTvytol yacTMHW MakeTa 3B BXOpATb mxepeno na-
3€PHOTO BUITPOMIHIOBAHHS, ONTWYHWIL KONIMATOp, OMTWNY-
HWiA BigOUBayY Ta CBIT/IOMOAUILHA MPU3Ma. [InA CripaMyBaH-
Hsl JIa3epHUX MPOMEHIB Ha MOBEPXHIO CHAPSAZA BUKOPUCTA-
HO CUCTEMY A3€pKal.

[lo MexaHiuHOoi yacTMHU MakeTa 3B BXOAATL €71EMEHTH, PO-
60Ta AKUX iMiTYE PyX CHapsfa B KaHaui crBona. [na mpu-
BEJieHHs CHApAZa B PYX BUKOPUCTAHO HEPTil0 CTUCHEHO-
IO ITOBITPA, fiKe HATHITaeTbCA V pe3epByap. KoxcTpykuin
MeXaHiYHOI YacTMHM mepenbdavyac MOXINBICTL BapitoBaH-
HA UIBUAKOCTL PYXY CHApAZa BHACIILOK KEPOBAHOIO 3Mi-
HIOBAaHHA TUCKY IOBITpPA V pe3epByapi. 3a eKBiBaleHT
CHapsZia 3aCTOCOBAHO IOPLIEHb i3 aNOMiHIEBOTO CIUIABY.
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[lo enexrponHoi yacTuxu maxeTa 3B BXOAATbL Undposuit
ocumnorpad, hoTompuitmMay, a TaKoX 6710K eNeKTPOXKUBIIEH-
Hsl Ta VIPABJiHHA BJIACHOTO BUTOTOBJIEHHS.

BukoHaHHA yMOBU 3abe3meveHHs Ipale3faTHOCTI
moaBiiHoro AudepeHUiNHOrO METOLY Na3epHoi AoI-
mnepiBcbkoi aHemometpii [9] moTpebye HaHeceHHs
Ha OXWBaJbHY IOBepxHto cHapapa CIIII. Bracnipok
3aCTOCYBAHHA CBITIOBIAOGWBANbLHUX €J€MEHTiB (Mik-
POCKNOKYNbOK ab0 TeTpaigHux MiKpOmpu3M) OCHOB-
Ha TOTYXHICTb CBiTNa, M0 Majae Ha OXWBAIbHY IIO-
BEPXHIO CHApsAAa, BiOUBAETLCA Y HANPSAMKY, 3BOPOT-
HOMY [0 HaPAMKY l'[a)J,iHHﬂ 30HAYBaJlbHUX IIPpOMeE-
HiB. [liarpamMa po3citoBaHHA KOTE€PEHTHOTO 71a3epHOTO
BumpoMiHtoBanHsA Ha CIIII y panbHin 30Hi audpaxuii
€ XaOTUYHOW CYKYITHICTIO JIOKAIbHUX MaKCUMYMIB, AKY
MOXHa CITOCTepiraT, HalpUKNaf, Ha [OBEPXHI eKpaHa.
CeiTnomOBEpTaNbHE MTOKPUTTSA MOXHA HAHOCUTU Ha IIO-
BEpPXHIO AK (apOyBanHaAM (cBiTnomoBepTanbHOW dap-
6010), Tak i mpukNel0OBaHHAM CBiT/I0MOBEPTAJIbHOI MNiB-
Kn. Buxopsauu i3 1boro, iz Yac MPOBELEHHSs eKCIlepu-
MeHTy 6yno Buxkopucraxa CIIII gBox Turis:

= ceiTnomosepranbHa (apba, AKa BUTOTOBAANACA
HEPOMUC/IOBUM CIOCOOOM Ta CKnazjanacs i3 cwimno-
IIOBEPTANbHUX eN1eMEeHTIB (MiKPOCKIOKYNbOK i3 cepep-
HiM po3mipoMm 61u3bk0 200 MKM) Ta IIpo30poi Kieiio-
BOi OCHOBW 31 3rymyBaueMm;

= CBiTZIOMOBepTasbHA IUIiBKA TPOMUCIIOBOTO BUTO-
TOBJIEHHS i3 PO3MIpOM MiKPOCKJIOKYZIBOK 50 MKM.

HlocnipeHHA onmTUYHOL AKOCTI

CBiTZI0MOBEPTaNbHOTO0 MOKPUTTA

Ha npoMy erami eKCIepuMeHTY KOHTpOItOBanacs
AKICTb CBiTIOMOBEPTANbHOI (apbu, KA BUTOTOBAANACA
HENPOMUCIIOBUM CIIOCOOOM Ta HaHOCWUNACA Ha ITOBEPX-
HI0 cHapsapa. [ins usoro Ha cHapap 1 (puc. 1) i3 Haxe-
CEHO10 Ha HbOT'O CBITIOMOBepTaNbLHOW (ap6oto cripsamo-
BYBaJIW BUITPOMIHIOBAHHA Bif Nasepa (Ha puc. 1 He mo-

Puc. 1. ExcnepumeHm 3 KOHMpONI0 AKocmi
csimnonosepmanvHoi papbu
Fig. 1. Experiment on quality control
of the reciprocal paint
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BUMIPIOBAHHSA TA BUNTIPOBYBAHHA

Puc. 2. 36inbweHe 306paXeHHs BUNDOMIHIOBAHHA,
8106umoz0 Ha expaH 8i0 ceimnonosepmanbHoi gapbu
Fig. 2. A larger image of the radiation reflected on the

screen from the retro-reflective paint

KasaHWil) Ta OTPUMYBAIN KapTUHY 2 PO3MOJiNY BUIIPO-
MiHI0BaHHS, BiiOUTOrO HA eKpaH.

36inburere 300paXKeHHA BiIOUTOrO Ha eKpaH BU-
IIPOMIHIOBAHHA HABeZeHO Ha puc. 2.

SIK cBigvyaTh pe3ynbTaTu Liel YacTUHU eKCIiepuUMeH-
Ty, CBiTIOMOBEpTanbHa (ap6a HENPOMUCIOBOTO BUTO-
TOBJIEHHA XapaKTEePU3VETbCA LiINIKOM MPUNHATHUM 3Ha-
YeHHAM Koe(illieHTa CBITIIOMOBEPHEHHS, OCKiNbKU CY-
KYIHICTb JI0KaJIbHUX MaKCUMyMiB 3abesrmevye sickpa-
BicTb MOBEPXHI eKpaHa, Aka € LiINKOM JOCTaTHLOW A7A
peecTpauii curnany.

SIK 3a3HAYEHO BULIE, ITif Yac IPOBEAEHHA LbOTO eTa-
Iy eKCIePUMEHTANbHUX AOCHiIKeHb 610 BUKOPUCTA-
HO cBiTnomoBepTanbHy hap6y obMexeHoi akocTi (To6TO
3 TIOPiBHAHO BEJWUKUM CepefHiM PO3MipoM CBITJIOMOBED-
TaJlbHUX €JIeMEeHTIB i Aewo HeoaHOpifHOW ix Gopmoio).
OpHax 3a mpakTUyHoi peanizauii 3B mouinbHo BUKOPUC-
TOBYBATU CBITN0MOBEPTANLHY Hhapby MPOMUCILIOBOTO BU-
po6HUNTBA 3 GiNbUI BUCOKOW sKicTio (TOHTO i3 MeHWIUM
cepenHiM PO3MipOM CBITZIOMOBEpPTILHUX €J1EMEHTIB 0f-
HopipHoi kynbkomoai6Hoi dopmu). ExBiBaneHToM Takoi
cBiTNOMOBEPTAILHOI (hapOu € CBiTIOMOBEpPTaNbHA IUIiB-
ka [10] mpoMucnoBoro BUpoOGHUITBA 3i cepeaHiM fiameT-
POM MiKpOCKNOKYAbOK 50 MKM, ika TaK0X BUKOPUCTOBY-
Basacs 3a MpoBefieHHs ekcriepuMenTy. Ha puc. 3 Hase-
LeHO 300paXEHHA KapTUHW BimOWTOro Bin Takoi cBiT-
JI0IIOBEPTaJIbHOI IUIiBKU HA €KpaH J1a3epHOT0 BUIPOMi-
HI0BaHHA. [3 puc. 3 MOXHA MOGAYUTH, 10 BUKOPUCTAH-
HA MEHLIUX 33 PO3MiPOM CBIiT/IOMTOBEPTAILHUX €J1eMEHTIB
ozpHopinHoi popMu MPU3BOANTS A0 36inbLUIEHOT KiNbKOCTI
KOHLIEHTPOBAHUX JI0KaZIbHUX MaKCUMYMiB, 10 TifBUILLlEH-
HA KoedillieHTa CBITII0MOBEPHEHHSA i, 3peLITO0, 710 3poc-
TaHHA CBITJIOBOTO ITOTOKY BilOUTOTO BUIIPOMIHIOBAHHS.

PesynbraTu ubvoro eramy [OCHiZXeHb CBigvath,
1110 CBiTNIOMOBEpTANbHA (hapba, HaHeceHa Ha CHapA#, 36e-
pirae cBoi BnacTMBOCTI CBiTNOMOBEPHEHHA. [Ina 36inb-
LIeHHA KOHleHTpalil 10KanbHUX MAaKCUMYMIB Ha amep-
Typi doTompuiimava pouinbHo BuKOpucToByBaTW CIIII
Ha OCHOBI MIKDOCKJIOKY/IbOK Majoro fiamMerpa Ta of-
HopipHoi dopmu.

HJocnif)keHHA BIUIMBY CBiTNI0MOBEPTANbHOIO

MOKPUTTA Ha 6anicTuyHi XapaKTepucInKu cHapaaa

Ha ubomy eTarmi eKCIepuUMEHTY AOCHILKEHO BigXu-
JIeHHSl OCHOBHUX 0aniCTUYHUX XapaKTepUCTUK CHaps-
za: oro macu i posmipy, — Bif HOMiHanbHOTO 3Ha-
YeHHs BHAC/iZIOK HaHECEHHSs CBITI0MIOBEPTANILHOTO II0-
KPUTTSL.

IIns mepeBipku Macu Ta TOBLUHMW WLIAPy CBIT/IOIO-
BepTanbHOi (apbu ii 6yn0 HaHeCeHO PiBHUM LIAPOM
Ha marmip mnowmeto 0,025 m?. BcraHoBnEHO, 10 TOBWIM-
Ha 1mapy cBiTiomoBepTanbHoi hapbu cknapae 61u3bKO
310 mMkm, maca — 09 r.

Omxke, Maca CIIII 3a piameTpa MiKpOCKJIOKYJbOK
200 MKM (ypaxoByi0uu, 10 II0a NOr0 HaHEeCeHHA Bif-
MoBifjae Mol 0XWBanbHOI YaCTUMHW CHapAaa) A Io-
IIMPEHNX BULIB 60empuiacis mpuban3HO CTaHOBUTUME:

¢ 4,6 Mr ana kyni 9 mm marpona IIM, wo cknapae
0,075 % Bif HOMIHa/JILHOTO 3HAYEHHA NOTO MacCu;

¢ 4,1 mr pns kyni 5,45 mm AK-74 (7H6), mo Binmo-
Bigae 0,10 % Bin HOMIHaNbHOIO 3HAYEHHA NOr0 Macu;

¢ 9,4 mMr nna kyni 7,62 mm CBJI (JIIIC), mo cknanae
0,11 % Big HOMIHAJIbLHOTO 3HAYEHHA WOr'0 MAaCW.

[lpu uboMy 36inbuIeHHA [LOBXMHW AN TUX Ca-
MWUX TMOLWIMPEHUX BUAIB 6OempuIacis 3 ypaxyBaHHAM

Puc. 3. JlazepHe sunpomiHiogaHHs, sidbume
8I0 c8imnonosepmanbHoi nuisKu
Fig. 3. Laser radiation reflected
from the retro-reflective film
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TOBIWJUHU WApy cBiTnomoBepranbHoi dap6m 310 MKM,
CTAHOBUTUME:

* mna kyni 9 mm narpoxa [IM — 0,025 % Bip Ho-
MIHa/JILHOI'O 3HAYEHHA Ii JOBXUHN;

* mna kyni 545 mm AK-74 — 0,012 % Bip HOMI-
HanbHOTO 3HAYEHHA II JOBXUHU;

* mna kyni 7,62 mm CBI — 0,011 % Bin HOMiHanb-
HOT'0 3HAa4YeHHA Ii JOBXUHU.

Taki BipxuneHHA Macu i JOBXUHU € 3HAYHO MEHUIU-
MW, HiX IapaMeTpu 3BUYANHOIO TEXHOJIOTIYHOTO PO3-
Kupy Macw i po3mipiB cHapAniB (Kynb) y mpoueci ix Bu-
roToBnerHa [11]. Ili pani paioTs mifCTaBY CTBEPLKYBA-
TI, 1110 3MiHa Macu Ta po3MipiB cHapAza, 3yMOBJeHa Ha-
HeceHHAM Ha Hboro CIIII, He YUHUTb CYTTEBOTO BIIUBY
Ha 7Moro 6aniCTWYHI XapaKTEPUCTUKU.

OTpuUMaHHA KPUBUX WIBUAKOCTI

PYXy CHapaaa Ha AiloyoMy Maketi

3aco6y BUMip1OBaHHA Ta ix aHanis

MeTomuKa MPOBENEHHA LbOTO ETAIly eKCIIEPUMEHTaslb-
HUX [OCTiZXeHb BKIIOYAE IIATOTOBKY [ilOYOr0 Makera
3B [0 MPOBeNEeHHA BUMiptOBaHb, OTPUMAHHA BUMIpIOBAJIb-
Hoi iHdopmalii CTOCOBHO WIBUAKOCTI pyXy CHapsza v Ka-
Hali CTBOJIA Ta OIPAllOBAHHA E€KCIIEPUMEHTIBHUX JAHUX.

Ilinroroska gitoyoro Maxkera 3B no mposeneHHs BUMI-
PIOBaHb TOJIATAE Y HAJAWITYBAHHI 10T0 ONTUYHOI 1 Me-
XaHiuHOl YacTWH, a caMme, BiATBOpeHHi 6a3n OMTUYHOI
CXeMM, CIPAMYBAHHI la3ePHUX IIPOMEHIB Ha IIOBEPXHIO
CHapAfa, BU3HAYEHHI KYTiB o, i B 30HAYBAHHA MOBEPX-
Hi CHapsAzna, CTBOPEHHI 3afaHOTO TUCKY B pe3epByapi,
a TaKOX y HajlawTyBaHHI ocuunorpada Ta Bipmosin-
HUX €NeKTPUYHUX 1 MeXaHiuHuX 3'€fHaHb.

[IpoBefieHHA eKcrepuMeHTy mepepdavae Gopmy-
BAHHA 337aHOT0 3aKOHY PYXY CHapsA#a V KaHaji cTBONa
Ta PEECTPALil0 BUMIpPIOBaILHOTO CUTHANLY 3 BUXOAY do-
TONPUAMaya 3a [omoMorow uudposoro ocuunorpada.

[lin vac mpoBeLeHHA EKCIIEPUMEHTY IEBHI Mapa-
MeTpW eJleMeHTIB ONTUYHOI 7 MexaHiyHOoi yacTuH pna
KOXHOTO «ITOCTpiny» BapitoBanuca. [lo 3MiHI0BAaHUX Ia-
PaMeTpiB Hanexarb:

» YacTOTa /1a3epHOr0 BUITPOMIHIOBAHHA f;

» KYTWU CITPAMYBAHHA Jla3epHUX MPOMEHIB o 1 3;

» Tuck y pesepsyapi P.

BigmoBigHO [0 TeXHIYHUX MOXJUBOCTEW eKcIie-
pumeHTanbvhoi ycraHoBku ii mapamerpu BapitoBa-
auca y Takux piamasoxHax: P = (500 ... 1500) xIIa,

/i = 0,474 Iy, £, = 0,564 11Ty (uepBOHWIA Ta 3eneHUN
nasepu); o = (0,5 ... D° B=(1 ... 1,5°.

BapitoBatits ITapamMeTpiB e1eMEHTIB OITTUYHOI 1 MeXaHiy-
HOI YaCTUH [a€ MOXJIMBICTb IOCNIIUTU afleKBaTHICTL MaTe-
matnyHoi mogeni 3B, orpumanoi y [5], Ta ii 3acrocos-
HICTb Y LIMPOKOMY Zialta30Hi WIBUKOCTEN PYXY CHApAaa.
Iificto, 3a BapitoBaHHA TUCKY P (OPMYIOTLCA PisHi 3aKOHM
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30UIbIIEHHA IIBUAKOCTI PYXY CHAPAAa, 1110 MOXe OyTH ineHTn-
(biKoBaHO 32 XO[OM OTPUMAHWX EKCIIEPUMEHTANILHO KPUBUX
uBuaKocTi. OKpiM TOro, 33 HE3MIHHOTO 3HAYeHHA TUCKY P,
ase 3a Pi3HUX 3HaueHb YACTOTM JIa3ePHOTO BUITPOMIHIOBAHHSA
/'Ta XyTiB 30HAYBAHHA ¢, [3, 3SMIHIOETHCA PEECTPOBAHWIA LOTI-
I1ePiBCLKUM 3CYB YaCTOT, ajle BOLHOYAC BifIOBILHUX 3MiH
HabyBae it Koepinient F=2fv(cosa—cosB)/c [5],
AKUI V TaKOMY BUITQAKY BU3HAYAETbCA 32 IapaMerpa-
MW €KCIIePUMEHTANbHOI YCTaHOBKW 1 CAyTrye Ana mo-
LAJIbLIOTO PO3PAXYHKY MUTTEBUX 3HAUeHb LIBUAKOCTL
pyxy cHapapa. 0Txe, 3a cTymeHem 36iry AeKiIbKOX Kpu-
BUX WIBUAKOCTI, fKi BU3HAYAIOTbCS Ha OCHOBI €KCTIEPUMEH-
TIbHUX JaHWX JyIf [OIIUIEPIiBCHKOTO 3CYBY YaCTOT, MOX-
Ha CYOWUTU 070 afieKBaTHOCTiI MaTeMaTuyHoi Mozeni 3B,
OTPUMAHOI TEOPETUYHUM LIIAXOM.

PesynbraTamMu 11b0T0 €TAITy EKCIIEPUMEHTY € 3aPEECTpPO-
BaHi BUMIDIOBAIbHI CUTHAIN Y BUAL OUCKPETHUX 3HAYeHb
Hampyru GoTocTpyMy Ha BUXOZi hoTompuiiMava. 3a ormpa-
110BaHHs eKCMEPUMEHTIbHUX AaHWX 3AiACHEeHO mepexin
Bifl MacuBiB MUTTEBUX 3HAUeHb HAmpyru (GHOTOCTPYMY
6e3rnocepenHbo 10 3aEXHOCTEN LWIBUAKOCTI PYXY CHa-
psaa Bif yacy 3a MeTOAMKol, BUKNazeHow y [7, 8], Tob-
TO 00UYUCNEHO 3HAYEHHA WIBUAKOCTL pyxXy Ans Bipmo-
BiIHUX MOMeHTiB yacy. [Ipnknazn OoTpUMaHUX KPUBUX
WIBUKOCTI PYXy CHapAza MOJAHO Ha puc. 4. Ha Hbo-
MY KpUBY 1 OTpUMaHO [j1s HAlbLIbII AUHAMIYHOTO PO3TOHY
CHapAaa, KpUBY 5 — Iif HalMeHW AMHAMIYHOTO, a KpuBL
2, 3, 4 3apeecTpoBaHi Iy HE3MIHIOBAHOI ;UHAMIKN PO3TOHY
CHapAZa, 1€ 33 BapiloBaHWX 3HAYEHb YACTOTU JIA3EPHOTO
BUITPOMIHIOBAHHA / Ta KYTiB 30HAYBaHHA o, 3.

Anani3 OTpUMaHUX HAHWX [03BOJAE 3POOWUTW Taki
BUCHOBKMU:

A TPAKTUYHO IATBEPIXEHO HAABHICTL CTINKOIO BU-
MipIOBIbHOTO CUTHALY Ta MOMJIWBICTb MOTO peecTpauil
7 OIpAllOBaHHA 332 YMOB BApilOBaHHA 3aKOHY HApPOCTAHHA
UIBUAKOCTI CHApAAa;

A By OTPUMAHUX KPUBUX BIATOBifae OUiKyBaHOMY
XapaKTepy HapOCTAHHs LWIBULKOCTL PYXY CHapaf#a y KaHaui
CTBOJIA [U1A TaKoi KOHCTPYKuii mitouoro mMakera 3B;

oMl
180

.M

o 0.0005 0.001 0.0015

5 0.002 0.0025
Puc. 4. Ipagixu 3anexHocmi wsudxocmi pyxy cHapsaoa
Y KaHani cmsona 810 uacy
Fig. 4. Charts of the dependence of the speed
of the projectile in the barrel channel from time

0.003
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BUMIPIOBAHHA TA BUTPOBYBAHHSA

A HafABHICTb ITPOCTOPOBOI HEY3TOMKEHOCTI Na3epHUX
IIPOMEHIB Ha IOBEPXHI CHapAZa Ha OKPeMUX AUIAHKAX 1i0-
TO PYXY He MPU3BOAWTL [0 MAAiHHA BiIHOUIEHHA «CUTHAL/
3aBafia» [0 PiBHIB, AKi YCKIQLHIOWOTb PEECTPALl0 CUTHALY
Ha Buxopi GoTompuiiMaya;

A o6cAr BUMiptoBanbHOI iHGopMaii € mocTaTHIM Ans
OITPALJ}OBAHHSA CUTHALY Ta BUSHAUEHHS 3aJ1€HOCTE LIBUTL-
KOCTL PyXy CcHapapa fK GyHKuii yacy;

A 36ir KpUBUX, OTPUMAHUX 33 HE3MIHHOIO 3HAYEHHA
TUCKY P, ane 3a pi3HUX 3HAYeHb YACTOTU JIa3ePHOTO BUIIPO-
MiHIOBaHHSA / Ta KYTiB 30HAYBAaHHA ¢, [3, CBIIUMTb CTOCOB-
HO afleKBaTHOCTI MaTeMaruyHoi mogeni 3B [5], orpumaroi
TEOPETUYHUM UIAXOM. [lesika HeiCcTOTHA PO3GLKHICTb Kpui-
BUX 3YMOBJIEHA OOMEXEHUMU MOMUIMBOCTAM EKCIIEPUMEH-
TIbHOI YCTAHOBKU Ta MOXe GYTW TMOsACHEHA sIK HasBHICTIO
TOXUOOK BU3HAYEHHA KYTIB a, [3 1 BimXwieHHAM 4acToTU
f Ixepena na3epHOro BUIIPOMIHIOBAHHA Bif 0T0 MacopT-
HOTO 3HAYEHHS, TaK i HETOUHICTIO 33[jaBaHHSA 3aKOHY PYXY
CHapAAa BHACIAOK fii cTMCHEHOTro MOoBiTPA.

BHCHOBKH

[IpoBeneHO eKcmepuMeHTanbHe [OOCHIZXeHHA Aito-
YOro MaKeTa 3aco6y BUMIpIOBaHHSA, fAKe ITATBEPAWIO MOX-
JIVBICTb ITPAKTUYHOTO 3aCTOCYBAHHA MOABiNHOI fudepeH-
nifiHoi cxemu nasepHoi pommnepiBcbkoi aHeMomerpii
LNA BU3HAUEHHA 3aKOHY 306iNbLIEHHA LIBUAKOCTI PYXY
CHapsfa V KaHaji CTBOMA.

BeraHoB€eHO, 1110 3aCTOCYBaHHA CBITIOMIOBEPTANILHUX
Gbapbw i mniBKU Mif Yac MOKPUTTA OXWBAJbHOI YacTUHU

CHapsaa 3abe3nevuye eekT CBITIOMOBEPHEHHS, JOCTATHii
IV peecTpauil AomuUlepiBCbKOr0 3CYBY YacToT. s 30U1b-
LIeHHA KOHLEHTPaLii N10KanbHUX MaKCUMYMIB Ha amlepTy-
pi porompuiimaya LoLuinbHO BUKOPUCTOBYBATU CBIT/I0IIO-
BEpPTAIbHE ITOKPUTTSA Ha OCHOBI MiKPOCKJIOKYNILOK Majloro
niamerpa (no 50 MKM) Ta opHOpinHOI bopMu.

ITokasaHo, 10 BifHOCHe 36inblIeHHA Macu Ta Po3-
MipiB cHapsna, CPUUMHEHI HAaHECEHHAM CBiTIOIOBEp-
TaNLHOTO MOKPUTTA Ha OTO OXWBAIBHY YACTUHY, 3a-
JIeXHO Bij TUITY CHapsAfa He MePeBUIYIOTh BiANOBiAHO
0,10 % Ta 0,025 % Big ®OTO BUXIAHUX MACU i JOBKUHU.
Omke, edeKT Bip 30inblIeHHA Macu Ta po3MipiB cHaps-
Ia € HEXTOBHO MaJiMM i HE CIPOMOXHMWI UMHUTU TIO-
MITHOTO BIUIMBY Ha 1Or0 6anicTW4HI XapaKTEPUCTUKU
Iif yac pyxy B KaHaui cTBOnA.

OTpuUMaHO KpWBI IIBUZKOCTI PYXy CHapsAfa V KaHal
CTBOJ, 32 AKUMWU BCTAQHOBJIEHO CTIiMKiCTb BUMIpIOBAJIBHO-
IO CUTHaIY Ha AiNAHKaX i3 IMPOCTOPOBO) HEY3TOIMKEHICTIO
Jla3epHUX IIPOMEHIB Ha IOBEPXHi CHapaza. YCTaHOBIEHO,
110 BUZ OTPUMAHUX EKCIIEPUMEHTILHO KPUBUX LIBULKOC-
Ti BifIOBiZa€ OYiKyBAaHOMY XapaKTepy 36iNblIeHHA LIBUA-
KOCTL PyXy CHapsaZa B KaHIL CTBOMA [OCIIAHOTO MaKeTa.
[linTBEPIKEHO ALEKBATHICTL MATEMATMYHOI Mofeni 3acoby
BUMIpPIOBAHHS, OTPUMAHOI TEOPETUYHUM LUIAXOM.

PesynbTaTv pocnimxenb MOXyTb OYTM IOKNafeHi
B OCHOBY ITOfla/IbUIMX POGIT 31 CTBOpPeHHs 3aco0y BUMI-
PIOBAHHA UIBUAKOCTI PYXY CHApAZa V KaHAI CTBOJIA, AKWIA
L03BOJIUTb BU3HAYATU OaiCTUVHI €1eMEHTU TIOCTPiY eKc-
TIEPUMEHTANILHUM LIIAXOM.
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METOJA JJATHOCTYBAHHS TEXHIYHOI'O CTAHY KAHAJIIB CTBOJIIB TA BOETIPUITIACIB
HA OCHOBI IIEHTU®IKAIIIl XAPAKTEPUCTUK BAJTICTUYHUX EJEMEHTIB IIOCTPLTY

Ilposedeno ananiz cyuachux memooie 0laeHOCMY8AHHs MEXHIYHO20 CMAHY KAHANE CIMEOJI8 ma OOENPUnacie 0o
602HENAbHOI 30poi. 3anponono6ano nepcnekmusHul Memoo 0iaeHOCY8ANH S, BU3HAYEHO 1020 3micm. OOIPYHmMOBAHO
nompe0by y 6CMAHOGNEHHI 38 3Ky MIJC MEXHIYHUM CMAHOM KAHALIE CMEOie ma OOENPUnAcie i Xapakmepucmukamu
banicmuunux eiemenmié nocmpiny. Busnaueno 3a OoyinbHe pO36’S3Y8AHHA PIGHAHb GHYMPIWHLOL  OANiCMUKU
YUCETIbHUM MemoooM OJisi MOOEeMO8AHHs nepebicy npoyecy ROCMPINY 3d HAS6HOCMI OegheKmie KaHANe CMEoie |
boenpunacis. Posensinymo npunyunu nody0osu pizHuyegoi cxemu.

Knrniwuywoei caoea’ kanar cmgona, 6oenpunacu, mexuivHuti Cmat, OaiicmuyHull elemeHm nocmpiny,
diacHocmysannsl, oeexm Kauary cmeod, pieHsHHsL 6HYmMPIUHbOI OATICMUKY, PI3HUYE8A CXeMd, YUCETbHUL Memoo.

IMocTranoBka mpodjemu. BaxmBorwo ckianoBoro eQeKTHBHOIO 3aCTOCYBAaHHS BOTHEMANBHOI 30poi Ta
OoerpHIaciB € KOHTPOIb iX TEXHIYHOTO CTaHy B XOJi ekcruryaraiii. Tak, Benuke 3Ha4eHHS] MalOTh JIaHl TIpo
TexHIYHUH cTaH kaHaiiB cTBomiB (KC) Ta mopoxoBux 3apsiaiB Ooenpumnacis.

Binxunenns BHyTpimHiX reomerpuynux napaMerpis KC, Hanpuknaz, npu ix 3HONIYBaHHI a00 pO3IYTTi,
MPHU3BOAUTH 10 0€3MOBOPOTHOI BTPATH YAaCTHHU EHEpTil MOPOXOBHX Ta3iB MpH mocTpiii. BHacmigok mporo
MMOYaTKOBA IIBUIKICTh CHApsaa 3MEHIIYEThCSA, 1 MPH ii majiHHI A0 3HAYCHb, II0 BUXOIATH 3a JOMYCTHMI
Mexi, pecypc KC BBaxkaetbest BuuepnanuM [1, 2]. Oxpemuii iHTepec BUKIMKAE HE TUIBKU J1arHOCTYBAaHHS
texHiuHOrO ctany KC, a i MOXIIMBICTh MMPOTHO3YBaHHS MOro 3aJIMIIKOBOrO pecypcy. OcobauBO IIHHUMU
naHi mpo TexHiuyHuid crad KC MoXyTh BUSBUTHUCS TSI 3pa3KiB BOTHENAIBHOI 30p0i 3 00MEXEHUM PeCcypcoMm,
3 TIOPIBHSHO BHMCOKOK 3aKYIIBEIBHOK BapTICTIO, a TaKOX Ui 3pPa3KiB, CTOCOBHO SKHMX BHCYBAIOThCS
MIJBUIINCHI BUMOTH IO MIATPUMAHHS OATICTUYHUX EJIEMEHTIB MOCTPLTY B 3aJaHMX MeKax (HampUKIa,
apTUIIEPINCHKI CUCTEMH, CHalIIepchKa Ta MPOTUTAHKOBA 30posi, KIHETHYHA 30p0si HECMEPTENBHOI JIil).

BaxiauBUM 3aBHaHHSM € KOHTPOJIb TEXHIYHOI'O CTaHy OO€mpHMaciB, MO0 HAAIWIUIA 3 JOBFOTPUBAJIOTO
30epiranHsi, MOMIKO/PKEHI abo HaBiTh i3 OpakoBanumx mapriil. Ilim wac goBrorpuBanoro 30epiraHHs
OoernpuraciB, 0COOIMBO BHACHIZOK MOPYIICHHS HOr0 PeXXMMY, 3MIHIOIOTBCSI €HEPTeTHYHI XapaKTEePUCTUKH
MOPOXOBOI'O 3apsay Ta MIBHJIKICTb HOro TOpIHHA. 3aCTOCYBaHHS TaKUX OOEMPHIACIB TPU3BOIUTH 0
BIJIXWJICHHSI TIOYAaTKOBOI IIBUAKOCTI CHapsja, a B OKpPEMHX BHIAJKaX — 1 J0 HeOe3[euyHOro 3pocTaHHsS
MaKCHUMaJIbHOTO TUCKY ITOPOXOBHX Ta3iB y KaHall CTBOJIA, II0 MOXKE OYTH MPUYHHOIO BUXOY 3 JIaay 3pa3ka
030pOEHHS Ta TPaBMYBaHHs 0COOOBOTO CKIIay.

Ha meit wyac Meromu ekcCIulyaTaliifHOro KOHTPONIO O30pOEHHS TOJISATAal0Th, TOJIOBHHUM YHHOM, ¥
BUKOPUCTaHHI cepii BIMCHKOBHX KaliOpiB (MPOXiMHUX, HENpPOXiHWX, OpakyBanbHUX). Jleski Meroau
IPYHTYIOTBCS. Ha OKOMIPHOMY CIoco0i (3aCTOCYBaHHS TIHBOBUX TPHKYTHHKIB Ta Kilenps Tomio) [3, 4].
ExcrmyaTtamiiHuii KOHTpONb OOENMpHUIaciB MONATaE B iX Bi3yaJbHOMY OTJIsiii (2 B MEBHUX BUMAIKaX — Y
3Ba)KyBaHHI CHapsIiB) 32 yMOB NepeOyBaHHS Ha JOBrOCTPOKOBOMY 30epiraHHi abo 3 MPUYMH MOPYIICHHS
npaBui 30epiraHHs Ta eKcIlyaTaimii. Y pa3i HasBHOCTI BiAXWIEHb BiJi HOPMHU MOXYTh IPOBOAUTHUCH
J1a00paToOpHi Ta MOJIroHHI BUnpoOyBaHHsA [5]. Ciig Bia3HAYMTH, 110 Ha ChOTOAHI B YKpaiHi 3aJMIINAIACH
JIMIIE OJTHA CTICIiajibHa BIHCHKOBA JIA0OpATOpis, SIKa 3/IaTHA TEPEBIPITH OOETIPHUIIACH.

Texniuna 06a3a JUIsi BHKOHAHHS KOHTPONIO MOPAbHO Ta TEXHIYHO 3acTapiliia, JO3BOJSE JIHIIE
KOHCTaTyBaTH TOTOYHWI CTaH 1 He 37aTHa 3a0e3neunTH Horo mporHodyBaHHs [6]. TakuM YuHOM, Bimomi
METOJIM 1 3aco0M JiarHOCTyBaHHS TexHiuHOoro crany KC Tta OoemnpumaciB 10 CTBOJIBHHX CHCTEM €
MajJoe(EKTUBHUMHU 3 MOIJISIIy Ha JOCTOBIPHICTh, OINCPATHUBHICTh, a 1HOAI M EKOHOMIYHICTb, OCKIJIbKH
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TPYHTYIOTHCSI Ha 3aCTapiiuX NMPUHIMIIAX Ta MependadaroTh 3aCTOCYBaHHS 3aC00iB BUMIpIOBaHb OOMEXKEHOT
TOYHOCTI.

Takox 3ayBakMMO, IO OOHMJBa Pi3HI 3a CBOEI IPUPOIOIO SABHUINA: 3HOIIyBaHHs (po3myrrs) KC Ta
Jerpajailis TOPOXOBOTO 3apsy, MOXKYTh IPU3BECTH JIO CHAaJaHH TYJIbHOI IBHJIKOCTI CHapsa. 3 oIy Ha
1le 3HAYHUHA MMPAKTUYHUH IHTEpEC CTAHOBUTH JIarHOCTYBaHHS MPUYWHU 3HIDKEHHS Jii MOPOXOBUX ra3iB Ha
CHaps/I: UM TO Yepe3 reoMmeTpuyHi Biaxunenns KC, uu BHACTIIOK 3aCTOCYBaHHS OOEMPUIIACiB HE3aI0BUILHOT
SIKOCTi. MOKJIMBOCTI BHpIIIEHHS IIOTO 3aBJaHHS Ha OCHOBI BIJOMHUX METOIB OI[IHIOBAHHS TEXHIYHOI'O
CTaHy BKpail OOMeXeHi.

Tum caMiM CTBOPIOETHCS MTPOOIEMHA CUTYAITis], SKa MOJISTa€e Y HEBIAMOBIIHOCTI MOXKITMBOCTEH ICHYIOUNX
METO/IB 1 3aco0iB JiarHOCTYBaHHS 3POCTAIOYMM IOTpedaM MPAKTHKH. TOMY YJIOCKOHAJCHHS CHCTEMH
SKCIUTyaTaliiHOTO BUMIPIOBAJILHOTO KOHTPOJIO TapaMerpiB 30poi Ta OoempumaciB € akTyaJlbHUM
3aBJIAaHHSM.

OmHuM 3 TEpPCIEeKTUBHUX HANPSMIB YIOCKOHAJIEHHS EKCILTyaTaliiHOrO KOHTPOJII0 O30pO€HHS €
pearizaiis JJiarHOCTYBaHHS TEXHIYHOTO CTaHy KaHaJliB CTBONIB Ta OOE€MpHUIaciB Ha OCHOBI aHalizy
0aTiCTUYHUX EIEMEHTIB TOCTPiNy.

AHani3 nyoaikaniii. PiBHsSHHS BHYTpiIHBOi OanmicTHkH [7, 8] BCTAHOBIIOIOTH 3B’SI30K MK MUTTEBUMH
3Ha4YeHHsMH OamicTnuHuX enementis nocrpiny (BEIT), a came: [ — muisixom caapsa y KC Big nouarky ioro
pyxXy; V — HIBHAKICTIO pyXy cHapszaa BimHocHo KC; w — BinzHOCHMM 00’€MOM IIOPOXOBOI'O 3€pHa, IO

3ropiB, Ta p — CEpeAHIM THCKOM IOpOXOBHUX Tra3iB Ha cHapsax i crinku KC y 3acHapsaHOMY mpocTOpi.

Haii6inpin AOIIBHUM JUIS JiarHOCTYyBaHHS TexHidHOro crany KC Ta OoempumaciB € 3acTOCyBaHHS
3aJIOKHOCTEH THUCKY MOpoXxoBux rasiB P(f), P(/) Ta mBuakocTi pyxy cHapsaa V(¢), V() y dyukuii yacy ¢ abo
nuisixy [ fioro pyxy B KC.

Onucy MeromiB 1 3aco0iB ekcriepuMeHTanbHOro Bu3HaueHHS BEIl mpucBsyeHa 3HayHa KUTBKICTH
nyomikaniii. Hanpuknan, y npausx H. 1. Mensenepoi [9] q0ckOHANO BUKIAJACHO METOIM BHMIpPIOBaHHS
THUCKY nopoxoBuXx rasiB ycepenuni KC. V mparsax [10—12] nutanus ekcriepuMeHTanbHoro susHauenns BEIT
TaKOX JicTanyd IPYHTOBHOTO BioOpakeHHs. BriM y mux pkepenax He poskputo 3B’s30k mik BEIT Ta
TUTIOBUMHU JieheKTaMul KaHATIB CTBOJIB 1 OOEMpPHIIACIB.

Omnwmcy MeroxiB i 3aco0iB Bu3HaueHHs BEII nuisixoM BUMIpIOBaHb THCKY IIOPOXOBHX Ta3iB 1 MIBUIKOCTI
pyxy cHapsga npucBsueHi mpari [13, 14]. OmHak y muX JpKepenax He OTPHUMAalil PO3BUTKY HAYKOBO-
METO/IMYHI OCHOBM aHaNi3y 1 IHTeprperalii pe3ylbTaTiB TaKMX BHUMIPIOBaHb JUIS BCTAHOBJICHHS BHIY 1
crymens nposiBy nedexry KC abo 6oenpumnacis.

Takum 4yWHOM, OIS JopKepen iHdopMarii CBIIYUTH MPO Te, MO0 Y BIIOMIH JiTepaTypi HE IICTaH
BHCBITJICHHS METOIWYHI OCHOBM JIarHOCTyBaHHs TexHiuHoro crany KC Ta Ooempunacip, siki 0a3yrOThCs Ha
aHaJT31 eKCIIEPUMEHTAILHO OTPUMAHHUX KPUBHX JIJISI OaTiICTUYHUX €IIEMEHTIB TIOCTPiITy.

MerTo10 cTATTIi € BUKJIaICHHS Ta OOIPYHTYBaHHS METOAY AIarHOCTYBAHHS TEXHIYHOTO CTaHy KaHAJIB CTBOJIIB
BOTHEIAJBHOI 30poi Ta OOEMpUIaciB J0 HEl, SKUi IPYHTYEThCS HA EKCIIEPUMEHTAIBHOMY OTPUMAaHHI Ta aHai3i
XapaKTePUCTUK OaTiCTHYHUX eIEMEHTIB IMOCTPLTY.

Bukaan ocHoBHoro matepiany. Burisin kpusux BEIT P(¢), V(f) Bu3Ha4aeThesl mapameTpamu mepediry
mporecy IMOCTpiTy, 30KpeMa TeOMETpUYHUMH XapakrepuctukamMu KC, a TakoX eHepreTHYHUMH
XapaKTepUCTUKAMH TOPOXOBOrO 3apsay 1 MIBHIKICTIO Horo ropiHHsA [15]. Takum dmHOM, MiX
reoMeTpuIHUMH Xapakrepuctukamu KC Ta XxapakTepucTHKaM# TOPOXOBOTO 3apsily 1 BUTIISIOM KPHBHX JJIS
BEII icHye neBHMit 3B’ I30K.

BBaxkxaTuMeMO HOMIHATBHHM TMepedir Mpollecy MOCTPLNy, SKIIO BiH 3IIHCHIOETHCS 32 HOMIHAIBHHUX
3Ha4eHb YMOB 3apsyDkaHHs (i3 3acrocyBaHHsAM TexHIYHO crpaBHoro KC ta OoenpumaciB) i HOpMaIbHHX
atMocepHux ymMoB. TakoMy mporiecy MoCTpiny BiAnoBinatoTh HoMiHabHI KpuBi aiist BEIT P,(t), V(7).

3miHa TexaiyHoro ctany KC Ta Goenpunacis Bezie 10 BIIXHIICHHSI YMOB 3aps/KaHHS 1 3MIHH MapaMerpis
nepediry mporecy MmocTpiity, 0 MOKHA CIIOCTEPIraTH 3a 3MIHOK BHUTIISAY BIIIOBIAHUX KPUBHX P,(f), Vy(?)
BITHOCHO KpUBHUX P, (1), V,(?).

Ak nokasye morepenHiii anainiz, neBHuM aedpexkraM KC BIAMOBIAAIOTH MOB’S3aHI 3 HUMHU BIAXUJICHHS
KpuBHX Py(f), V,(f). Hanpuknan, Ha puc. 1 po3myrrst KC BHacmijok mpopHBY MOPOXOBHX Ta3iB 1 BTpaTH
YACTHHHU iX €Heprii MpU3BOIUTH IO CIIaJaHHS THCKY MOPOXOBUX TasiB (“mpoBai’” KpHUBOI Py(f) BIIHOCHO
P,(¢)) Ha AinsHIN, IO BiANIOBIIAE MICIIO pO3TallyBaHHS Takoro nedekry. BiamosimHi 3miHu (quB. puc. 2)
CIIOCTEpIraTUMyThCsl W Ha KpuBid Vy(f) (“3aBay” KpuBOi BijJ MOYATKY IUISHKA PO3AYTTS). AHAJIOTIUHI
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MIpKyBaHHS € CIpaBeJIMBUMH i Juisi BUmajikiB 3HomyBaHHs KC Ta 3acrocyBaHHs OoempumaciB i3
MIOPOXOBUM 3apsiIOM, IO TI0YaB JIeTPaayBaTH.

Koxnuit 3 nedekris, gki i1eHTU(DIKYIOTh (Hampukiaa, po3ayTTs, 3HomyBaHHs KC, 3MEHIICHHS CHIIH
MOpPOXYy, 3pOCTaHHs IIBUAKOCTI TOPIHHS TIOPOXY), XapaKTEePU3YETHCS BIIMOBITHUMH XapaKTCPHUMH
O3HaKaMH, a MaclITad BiIXWJICHHS BU3HAYAE CTYIIHb MPOSBY e EKTY.

0
Puc. 1. 3anexnocti P(f) 3a HAIBHOCTI pO3AYTTS Puc. 2. 3anexHocTi V(f) 3a HAIBHOCTI pO3AyTTS
B Ka3eHHii yactuHi KC B Ka3eHHii yactuHi KC

Takum yMHOM, 32 BUTIISIOM KpUBHX Py(?7), V,(f), a TouHiIIe — 32 XapaKTEepOM Ta CTYIEHEM BiJXWIIEHb IIHX
KPHBHX BiJl HOMIHAJIbHUX KpUBUX P,(f), V,(f) MO’)KHA BCTAHOBHTH XapaKTep Ta Miclle 3HAXOJKEeHHs AedeKTy
KC abo xapakrep i CTyIiHb Aerpaaaliil IOpOXOBOro 3apsy.

Hnst orpuManHsi 00’ekTBHUX naHWX 1po peanbHi BEIT Py(f), V,(f), mo BiINOBIiZalOTh MOTOYHOMY
texHiuHOMY craHy KC i 6oenpumnacis, motpiOHa pearizaiist iX BU3HaYCHHS NUITXOM BUMiptoBanb [17]. s
TaKWX BUMIPIOBAaHb MOKYTh OyTH 3aCTOCOBaHi SIK 3aCO0M BUMIPIOBAHHS MUTTEBUX 3HAYCHb THUCKY ITOPOXOBUX
raziB, Tak i 3acOOM BHUMIpPIOBaHHS MHUTTEBHMX 3HAYCHb IIBHIKOCTI PYXy CHapsia, NPHHIMINA ITOOYIOBH 1
XapaKTEPUCTHKH SKUX IETAILHO PO3MVIAHYTI y mpansx [9, 16, 17].

Hominanehi kpuBi P,(f), V,(f) MoxyTh OyTH BH3HAUYEHI SK EKCIIEPUMEHTAIBHUM HIISIXOM (PEeCTparlis
kpuBux s BEIT mpu 3xilicHeHHI mocTpiny 3a HasiBHOCTI TexHidHO cnpaBHux KC i OoenpumaciB), Tak i
PO3PaXyHKOBUM METOJOM (K PO3B’SI30K PIBHSAHb BHYTPIIIHBOI OAJlICTUKU 3a HOMIHAJIBHUX 3HAYCHH YMOB
3apsSHKAHHS).

KimrouoBrM MUTaHHSAM ISl TPAKTHYHOI peanizamii Takoro METOAy JiarHOCTYBaHHS 3aJIUINAEThCS
BCTaHOBJICHHsI 3aJIeKHOCTel Mixk BusioM Jedekry KC (Ooempunacis) i cTyneHeM HOro MposiBy Ta BUTIISIAOM
kpuBHuX P(f), V(t). Taki 3aJIe)KHOCTI MOXKYTh OYTH BCTaHOBJICHI HA OCHOBI PO3B’SI3yBaHHS CHCTEMHU PIBHSHBb
BHYTPIIIHBOI OaJIICTUKU 3a YMOBH IHTErpaiii J0 Hei BHpa3iB, AKi MOJCIIOIOTh BIiIXWJICHHS BIAMOBIIHHX
reoMerpuuHux napamerpie KC Ta eHEpreTHYHUX IapaMeTpiB IOPOXOBOTO 3apsiLy.

Cucrema piBHSHb BHYTPIIIHBOT OATICTUKH 7] CKJIAA€THCS 3 TAKAX PIBHSHb.

1. OcHOBHOTO PiBHSIHHS MIPOJAMHAMIKH (PIBHSIHHS IIEPETBOPEHHS CHEPTil)

0
ps(l, +1) = foy —qumvz, (1)

Je s — IUIOLIA MOMEPEeYHOro Iepepisy KaHaly CTBOJA (BKIKOYAIOYM HApi3n); [, — 3BEACHA JOBXHHA

BITBHOrO 06’eMy Kamopu; f — CHIa OPOXY; (0 — Maca IOpoxoBoro 3apsaay; 6 — mapamerp posmmpenus
MIOPOXOBUX Ta3iB; ¢ — KoedillieHT ypaxyBaHHS IPYropsaHux poOir (xoedimieHT GIKTUBHOCTI Mach); m
Maca CHapsuy.

2. PiBHSHHS, 1110 BUPAXKatOTh 3aKOH TOPIHHS [TOPOXY:

v =xz(1+ 1z); )
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de

—=u=u,p; 3

" 1P )
dy S X
—=—0u;, p=—o0oup, 4
A 4 1> P o 1P “4)

ne ¥, A — reoMeTpuuHi XapaKTepUCTHKH MOPOXOBOTO 3€PHA; Z — BiIHOCHA TOBIIMHA MIAPY MOPOXOBOTO
3epHa, 10 3ropijio; u — IIBUAKICTb TOPIHHA MOPOXY; U, — IIBUJAKICTH TOPIHHSA MOPOXY 3a aTMOC(HEpHOro

THCKY; e — TOBILIHMHA IIapy IOPOXOBOrO 3€pHA, IO 3rOPLI0; € — MOJOBHHA MOYATKOBOI TOBIIMHH 3BOAY
MOpPOXY; ¢ — BIZJTHOCHA TIOBEPXHS TTIOPOXOBOT'0O 3epHA.

3. PiBHSHHS pyXy CHapsi/ia KaHaJIOM CTBOJIA:
_ —_ 1. " __
v=—=1" /"= —. (5)

AHaNTHYHUHA [UIAX PO3B’S3aHHS PIBHAHB BHYTPINIHBOT OANICTHKHM Tependayac BHKOHAHHS CKIIAaJTHHX
MepeTBOPEHb, MPUIHSITTS MPUIYIICHh Ta 3aCTOCOBYBAHHS CIPOIICHB, IO Bele A0 OOMEKEHOi TOYHOCTI
OTPUMAaHUX pe3ynbTaTiB. TOMy aHAIITHYHI PO3B’SA3KU PIBHSHB BHYTPIIIHBOI OATICTHKH € HAOIMKCHUMH.

3 ormsay Ha MOXIIMBOCTI Cy4acHHX 3ac00iB OOYHMCIIOBATBHOI TEXHIKH, JOLUIBHUM € PO3B’SI3yBaHHS
PIBHSHDb BHYTPINIHBOT OQJIICTHKH YHCENLHUM IUITXOM. BiH 703BOJSE OTPUMATH PO3B’SI3KH 13 3aJaHOI0
TOYHICTIO, SIKa BH3HAYATHMETHCS PO3MIPOM KPOKY IHTErpyBaHHS 3a 4YacOM Ta TOYHICTIO MiATOTOBKH
BUXITHUX JaHuX. YMCENbHUM METoJaM MOXKHA BiJJaTH TepeBary i B TAKWX CKJIQJHUX BUMAJKaxX, KOIH,
HaIpHKIaJ, OOuH ab0 JeKUIbKa IMapaMeTpiB 3MIHIOIOTHCS Y MPOIECi MOCTpUly (Hampukiad, 3MIHHUM €
MEpeTHH KaHaly CTBOJA BHACTIJOK HOro pO3AyTTs a00 3HOUIYBaHHS), IIO BKpail BaXKO BpaxyBaTh NpHU
3aCTOCYBaHHI aHAJIITUYHUX METO/IIB.

OnHak BiJIOMi YMCENbHI METOAM PO3B’S3yBaHHS PIBHSIHb BHYTPINIHBOI OaJiCTUKH HE aJamnToBaHi JI0
BHUIIQ/IKIB MOJICNIOBaHHs Je(heKTiB 30poi, OCKUILKMA HE JO3BOJSIOTh YPaxOBYBATH BTPATH MOPOXOBHX Ta3iB
BHACIIIJIOK 1X popuBY. TOMY JNOIUTEHUM € TIOAANBIIHA PO3BUTOK YUCETBHUX METOMIIB Y IIbOMY HAIPAMY.

3a ocHOBY mpH MOOYIOBI PI3HUIIEBOI CXEMH JJISi YUCEIBHOTO PO3B’S3YBaHHs PIBHSIHb BHYTPINIHBOT
0aJIICTHKH Y CTAaTTI 3aCTOCOBAHO Mijaxij, 3anpornonoBanuit M. €. CepedpsikoBum [7].

Jiist o0y TOBH PI3HUIIEBOT CXEMH CITiJl BUKOHATH TaKi Orepartii:

— BU3HAYHTH TEPENIK ITyKaHUX EIEMEHTIB ITOCTPLIY;

— BU3HAYHUTH TEPETIK 3MIHHUX, IO BXOJSTH JI0 PIBHSIHD BHYTPIITHBOI OalliCTHKH;

— cdopMyBaTH IeperiKk YMOB 3aps/pKaHHS, SKi € BHXITHUMH JIAHUMH JUISI MOJIETIOBaHHS IIpOIECY
MOCTPiTY;

— BU3HAYMTH IIOYATKOBI YMOBH IS MIEPIIOrO 1 IPYroro mepioiB mocTpiny;

— CKJIACTM PEKYpPEeHTHI BHpa3d sl MOKPOKOBOT'O OOYHCIICHHS NIYKAHMX EJIeMEHTIB IMOCTPLTY s
MEpIIOTro i APYrOro HOro mepiois.

PekypeHTHI BUpasH, sIKi BiIIIOBIIal0Th CUCTEMI PiBHAHb BHYTPIlIHLOI OamicTuku (1) — (5), OTpUMYIOThCS
Ha OCHOBI po3kianaHHs B psif Teitnopa. Takum unHOM, ctae MokimBUM ocHOBHI BEIT Bupasutu sk Qynkmii
BiJl yacy Ta iX MOXiJHI JO TPEThOro TOPAIKY BKIOYHO. [IpH 1IbOMy OCHOBHI PIBHSHHS BHYTPIIIHBOT
OaJIICTHKH Y PI3HUIICBOMY BUIJISII MOKHA ITOJIATH TaK:

hz
Vil = by =1l +hI +71,2"; 6)
' 21n hBZ;;"
L=, +hl +0,5n"[] +T; (7)
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1 — kav?
=k 3Vn+1 : 8
Pn+ 2—1A “atl 3
;1'+1 = k4pn+1; ©))
=20 Th=200 Th =17, (10)

ne KoedilliEHTH BU3HAYAIOTHCS 33 BUPa3aMu

klz(p_m. 2:&;]( —Mk — § ] (11)

sl s T 2f0 Y om

Ha nepuiomy (ominounomy) erami po3s’sisyBaHHs piBHsHB (6) — (10) kpok 3a wacoMm Af =h I0UIBHO
BUOMpATH Takui, 100 OTprUMaTH KpuBi TUCKY P(7) 1 mBuakocti V(t), aki cknagarotees 3 20 — 30 Touok Bif
MovyaTKy pyxy cHapsna 1o roro suxony 3 KC. Ha npyromy (yrouHrorouomy) erami po3B’si3yBaHHS PiBHSHB
KPOK 3a YacoM CJiJ IOCIiZIOBHO 3MEHINYBAaTH JIO IEBHOIO 3HAYEHHS, MICIS SIKOTO HOro mojajbiie
3MEHIIICHHS HE MPHU3BOANTS JI0 3MIHIOBAaHHS KpUBHX P(f) Ta V(f), OLIbIIOro HiX 3a/jaHa MeXa BIIXUIICHHS & .

Takum 4MHOM, 3aIIPOIIOHOBAHUI METOJI IIArHOCTYBAHHSI TEXHIYHOTO CTaHy KaHAIIIB CTBOJIIB Ta OOENpPUIIACIB HA
OCHOBI ieHTU(IKAIIl XapaKTepUCTHK OaTiCTUYHUX EJIEMEHTIB MOCTPUTY MOJNATaE Y EKCIIepUMEHTATBHOMY
orpuManHi kpuBHX 17t BEIT: Py(¢) abo V,(f), criBcTaBiIeHHI iX 3 BiIMOBITHUMH HOMIHAIIBHUMU KpUBUMH P, (7)
abo V,(t), ski BiINOBiZAIOTh TEXHIYHO cnpaBHOMy crtaHy KC Tta OoempumaciB, BU3HAYEHHI Xapakrepa i
o0csTy BIIXWIIEHb IUX KPUBHX Ta BCTAHOBICHHI 32 (popMasli3oBaHMMH XapaKTEpHUMH O3HAKaMU BHJY
e eKTy Ta CTYIEHs HOro MmposBy.

BucHoBku

VY craTti 3amponoHOBaHO METOJ JAiarHOCTyBaHHs TexHiuHoro crany KC Tta Ooenpunacis, SKHiHd
IPYHTYEThCS Ha OTPHMAaHHI 1 aHaJi31 XapaKTepUCTHK OANiCTHYHMX EIEMEHTIB MOCTPLTY: TUCKY TOPOXOBHX
rasiB y KaHajii CTBOJIa Ta IIBUIKOCTI pyXy CHapsa KaHajIoM CTBOJIA.

3acTocyBaHHS TAKOTO METO/Y JIO3BOJIUTH:

— MIIBUIIMTH JOCTOBIPHICTH JIarHOCTYBaHHS Ta EKCILIyaTaI[ifHOTO KOHTPOJII TEXHIYHOI'O0 CTaHy
BOTHeNaj bHOI 30poi i OoenmpumnaciB 70 HeEl Ta BHACHIJOK IIHOTO 3MEHIIUTH HMOBIPHICTH BUKOPHUCTaHHS
HecIpaBHOI 30pof;

— MPOTHO3YBATH TEXHIUYHMI CTaH OKPEMHX 3pa3KiB OCHOBHUX BHWJIB BOTHEMAIBHOI 30poi Ha OCHOBI
nociimkenns 3minoBanHsa BEIT y yaci Ta 3a HanpaltoBaHHM;

— 3a0e3MeUYNTH MOYKIIMBICTD JTOCIIIPKEHHS 1 ONTUMI3allii XapaKTepUCTUK JOCTIIHUX 3pa3KiB 30poi Mmij Jyac
ix BUMPOOYBaHb;

— JIOCHI/KYBATH BIUIMB YMOB EKCILTyaTallii Ta peKUMIB CTPLIBON Ha Temmu 3HomryBaHHS KC.

3acTocyBaHHS 3alpONOHOBAHOTO METOJY Ta BIAMOBIAHMX 3acO0IB BIIKPHBAE NUIAX Ui peaizaiii
SKCIUTyaTallIfHOrO KOHTPOJII0 30poi 1 OoenpumaciB y TOJIBOBHX YMOBaX, MO0 BHUKIYATHME 11
TPaHCIIOPTYBaHHs 1O CTAllIOHAPHUX MICIb IPOBENCHHS KOHTPOM0. OTke, MOXKe OyTH CYTTEBO IIiJBHILNCHA
OTEPATHUBHICTH KOHTPOJIIO.

[Monanpmi gocmipkeHHS y NaHOMY HampsMy JOLUIBHO CrpsiMyBaTH Ha moxemtoBaHHs nedekrtiB KC i
OoerpuraciB, a TaKOXX Ha BCTAHOBIICHHS 3B’A3Ky MIX BUTIISIOM 3ayiexHocTed P(t), V(t) Ta xapakrtepom
nedekrie KC abo 6oenpurmacis.
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YK 623.442:623.522
A. M. Kpiokos, P. C. MesabHnKO0B, B. A. My3bI4yK

METOJA JUMATHOCTUPOBAHUS TEXHUYECKOI'O COCTOSHUSA KAHAJIOB CTBOJIOB U
BOEITPHUITACOB HA OCHOBE NWIEHTU®UKALIUU XAPAKTEPUCTUK BAJIVIMCTUYECKUX
SJIEMEHTOB BBICTPEJIA

Ilposeden awnanuz co8pemeHHbIX Memo008 OUASHOCIMUPOSAHUS MEXHUYECKO20 COCMOSHUS KAHAN08
cmeonoe u boenpunacos K ocHecmpenvHomy —opyoicuio. IIpeonoowen  nepcnekmugHwli  Memoo
ouaeHocmupoganus, onpeoeneHo e2o cooepicarue. OOOCHOBAHA NOMPEOHOCb 8 YCMAHOBNEHUU C8A3U
MeNHCOY  MEXHUYeCKUM  COCMOSIHUEeM  KAHANo8 CMEON08 U  DOenpunacoé u  Xapaxkmepucmuxkamu
banucmuyeckux anemenmos evicmpend. Ilpusnano yenecoobpazuvim Oiisi MOOEIUPOBAHUS MEYEHUS
npoyecca 6bICmMpena npu HAIHuu 0epexmos KaHalo8 CMeEoNo8 U OOenpundacos peueHue YpasHeHuil
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GHYMpeHHell OAIIUCIUKY OCYWEeCMBIAMb YUCTEHHbIM MemodoM. Paccmompenvl npunyunvt nocmpoenust
DPA3HOCHHOU CXeMbl.

Kniwuesuwv e cunoea: kanan cmeona, 60enpunacwl, mexHuieckoe coCmosaHue, 6aiucmuiecKui
2/eMeHm evbicmpend, OUaeHOCMUpogaHue, 0egheKm Kauaia cmeoid, YypaeHeHue GHympenHeu Oamiiucmuxu,
PASHOCMHASA cXeMd, YUCLeHHbI MemoO.

UDC 623.442:623.522
O. M. Kriukov, R. S. Melnikov, V. A. Muzychuk

METHOD OF DIAGNOSING THE TECHNICAL CONDITION OF THE BARRELS AND
AMMUNITION ON THE BASIS OF THE IDENTIFICATION CHARACTERISTICS
OF THE BALLISTIC ELEMENTS OF THE SHOT

Deviations of the internal geometric parameters of the barrel bore at its wear or blow-up, leads to
irretrievable loss of energy of powder gases at the shot. As a result, the initial velocity of the projectile
decreases, and when it falls to values beyond the permissible limits, the resource of the barrel channel is
considered exhausted. An important task is to monitor the technical condition of ammunition received from
long-term storage, damaged or even from defective batches.

Currently, the methods of operational control of weapons are technically and morally obsolete. Known
methods and means of diagnosing the technical condition of the channels of barrels and ammunition for
barrel systems are ineffective, because they are based on outdated principles and provide for the use of
measuring instruments of limited accuracy.

The paper proposes a promising method for diagnosing the technical condition of the channels of barrels
and ammunition based on the analysis of ballistic elements of the shot, determined its content. This method
consists in obtaining experimental curves for the ballistic elements of the shot, comparing them with the
respective nominal curves, which correspond to the technically sound condition of the barrel and
ammunition, determining the nature and extent of the deviations of these curves, and installing formalized
the characteristics of the type of defect and degree of its manifestation.

The need to establish a connection between the technical condition of the channels of barrels and
ammunition and the characteristics of ballistic elements of the shot is substantiated. It is determined that it is
appropriate to solve the equations of internal ballistics by numerical method for modeling the process of the
shot in the presence of defects in the channels of barrels and ammunition. The principles of constructing a
difference scheme for solving equations by numerical method are considered.

The advantages of using the proposed method of diagnosis and the direction of further research in this
scientific direction are formulated.

K ey wo rds: barrel bore, ammunition, technical condition, ballistic element of the shot, diagnosis,
defect of the barrel bore, equation of internal ballistics, difference scheme, numerical method.
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HarionansHoi reapaii Ykpainu.
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[lposedeHo aHania cmamuy4HoOi Xapakmepucmuku MmeH30-
Mempu4HO20 0aMYUKa MUMMEBUX 3HAYeHb MUCKY NOPOX0BUX 2d-
3i8 y KAHanax cmeosnie 802HenanbHoI 36poi. OMpumMaHo supas ona
OUiHIOBAHHA 8NIUBY MemMnepamypu Ha 8UXiOHUU cueHan damyu-
Ka, npogedeHo KinbKicHe OYiHI08AHHA memnepamypHoi NoXubKu.
3anponoHosaHo cnocobu 3MeHweHHs 8nsiugy memnepamypu Ha
pe3ylbmamu 8UMiplOBAHHS.

The relevance of measuring of the pressure of gunpowder gases
in the barrel channels of a firearm is noted. The main requirements
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0. Kriukov, Doctor of Technical Sciences, Professor,
I. Lysak, military student,

National academy of National guard of Ukraine,
Kharkiv,
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for a pressure sensor for intra-ballistic measurements are considered.
A review of the works in the field of strain gauges error modelling
is given. The analysis of the static characteristic of the strain gauge
sensor of instantaneous pressure values is carried out. For typical
combinations of sensor parameters, a quantitative estimation of the
temperature error is performed. To reduce the effect of temperature
on the measurement results, it is suggested to take into account the
correction in the measurement results, or to apply the temperature
stabilization system.

Kntouosi cnosa: sHympiwHbo6anicmuyHull npoyec, meH3o0MempuYyHUl 0amyuK, MUMMEBe 3HAYEHHA MUCKY, CMAMUYHA Xapakmepucmukd, KaHasn
CmMaeoJ1a 802HENAsbHOI 36poi, meMnepamypHa noxubKd, 8UMIpIo8aIbHA iHGHOPMAuis, nonpaskad, cucmema memnepamypHoi cmabinizayji.
Keywords: intraballistic process, strain gage sensor, instantaneous pressure value, static characteristic, firearms barrel channel, temperature error,
measurement information, correction, temperature stabilization system.

XapaKTeleCTMKM 1 TaKTUKO-TEXHIUHI BNACTUBOCTI OYMb-AKOTO 3pa3ka BOrHeNanbHoi 36poi
3HAYHOW MIpO0 BU3HAYAOTLCA XapPaKTEPOM MPOTiKAHHA BHYTPIUIHLOOANICTUYHUX IIPO-
eciB i, 30KpeMa, 3aKOHOM 3MiHW TUCKY P(f) OPOXOBUX Ta3iB y KaHali CTBONA Ta iX fieto
Ha YaCTMHU 7 eneMeHTW 36poi, 10 BUKOPUCTOBYIOTb €HEPril0 IMOPOXOBUX rasiB. 30KpeMa,
1i 3a7eXHOCTI al0Th 3MOTY BU3HAYATU BIUIMB YMOB 3apsIKAHHA Ha XapaKTep il mopoxoBuUx

rasiB y Ay/IbHUX TajlbMaX, ra30BiABIOHUK IIPUCTPOAX Ta iHIIMX MeXaHi3Max [1], ouiHioBaTH TeX-
HIVHWIA CTaH BOrHeNasbHOL 36poi Ta GOempuIacis, 0 Mepe6yBaloTh B eKCIUyaTallil abo Hanxo-
IATb V MAPO3AUIN 3 TPUBAIOTO 36epiraHHs, HOBUX abo MOIEPHI30BaHWX, Y TOMY YWUCII ITif yac
TIPOBEIEHHS IePXKaHUX Ta MPUAMAUIBHNUX BUITPO6YBakb [2, 3].

0. Kpwokos

Opxwvm i3 nnsxiB BU3HAYEeHHA ab0 YTOUHEHHs 3aKOHY 3MiHw P(f) € peanizauia sBumipio-
BaHHA MUTTEBUX 3HAUEHb TUCKY 3a AOIIOMOTO0 CIielliani3oBaHoi yCTaHOBKU (AWB., HAIPU-
Knag, [4], pvc. 1) Ha OCHOBI TeH30METPUYHOTO ATYUKA, AKUN CIIPOMOXHUI QYHKLiOHY-
BATW 33 YMOB BUCOKUX TEMIIEPATYP, MAE 3MiHIOBAHY BEPXHIO MEXY [iialla30HY BUMiplOBaH-
Hf, € MaJIOIHEPLINHUM i TPU 1ILOMY MOXKe 3a6e3MeUNTU MOTPIOHY TOUHICTb BUMIpIOBaHHS.

TeH30METPUYHWUN [ATYUK, W0 CIPUIIMAae TUCK Y KaHaii CcTBONA CTpinenbkoi 36poi,
IIpalioe 33 CKIaAHWUX TeMIEePATypHUX yMOB. [ns 3abe3neyeHHs BUMOT [0 TOUHOCTI BU-
MipI0BaHHA TUCKY HEOOXIZHO JOCAIAUTU BIUIUB TEMIIEPATYPW HA METPOJIOTIUHI XapaKTe-
PUCTUKU [aTYUKA.

14

I. Jucax

© Kpiokos 0., JIncax I., 2018





2'2018 « METPOJIONISA TA NPUJTALN « ISSN 2307-2180

BUMIPIOBAHHS TA BUTTPOBYBAHHSA

Puc. 1. 3aeanvHutl 8ud docnidHoi ycmaHosKu
Fig. 1. General view of the experimental installation

Taxi mocnipKeHHs [03BONATb YPAXyBaT BIUIUB TEM-
[epaTypu Ha BUMIpIOBaJbHUIL CUTHAJL, @ TAaKOX 00IpyH-
TYBaTW UIIAXU 3MEHLIEHHs BIIUBY TEMIIEPATYPHOI Io-
XUOKU Ha Pe3y/bTaT BUMIipPIOBAHHS.

AsTopamu poGit [5], [6] MTPOMOHYETHCA 3BYKYBA-
TU Aiama30H po60OYUX TEMIIEPATYP CEPELOBULL], B MEXK-
ax fKOTO TeMIIepaTypHWM BIUILBOM MOXHA 3HEXTYBa-
™. ¥V [7] 3ampomoHOBaHO BPAaxOBYBATU B pe3yibra-
Tax BWUMipioBaHb KoediuieHT, AKUIA XapakTepusye ni-
HIHY 3aJeXHICTb CTATUYHUX XapaKTEPUCTUK JaTuuKa
Big Temmeparypw. OpHak BepxHa Mexa pobodoro pia-
MA30HY TEMIIEPATYP [ATYUKA MUTTEBUX 3HAUEHb TUCKY
3HAUHO BUWA 3a Ty, L0 PO3TAAAAEThCA Y [5—7], mpum
1JbOMY TEMITEpPATypa faTyuka MiX MOCTpinaMu CyTTe-
BO 3MIiHIOETbHCA.

YV pobori [8] po3rnamalTbca AATUUKWU TUCKY, AKi
IIpanonTs 3a YMOB BIUIWBY TEMIepaTypu IOPOXO-
Bux rasie. HasegeHo croci6 3MeHuIeHHs TeMIepaTyp-
HOTO BIUIMBY, fKWIL Iepef0avyae BPaxyBaHHsA IOIPAB-
KW, 0 BU3HAYAETbLCA AMPIOPHO PO3PAXYHKOBUM WS-
XOM, 1 TaCUBHE 0XO0JIOAXKEHHS JaTYUKA TUCKY BHACILOK
TEI1000MiHy 3 HaBKOJWUIHIM CEpPefioBULLEM.

OT)Xe, pe3ynbTaT PO3TNAHYTUX POGIT He 7103BOJLA-
10Tb PO3PAXyBaTU TEMIIEPATYPHY MTOXUOKY 33 peanbHUx
YMOB 3aCTOCYBaHHsA TEH30METPUYHOTO LATYWUKA B IIPO-
Leci BUMIplOBaHHA TUCKY B KaHanax cTBojiB. Ile 06-
MEXY€E MOXJIMBOCTI 3MEHUIEHHA TEMIIEPATYPHOTO BIUIU-
BY LIJIAXOM YpaxyBaHHA BifmoBiaHoi mompasku.

Mema cmammi — pocnifxeHHs BIUIUBY TEMIIEPATY-
PU Ha €JIeMEHTW TEH30MeTPUUHOIO JATYMKa MUTTEBUX
3HAYeHb TUCKY Ta KibKicHe OLiHIOBAHHA TEMIEPATYP-
HOI CK1afoBOI MOXUOKW BUMIPIOBAHHA.

BUKJIAJEHHA OCHOBHOI'O MATEPIAJIY

EnemeHTM parunka TUCKY pO3MilyOThCA B Kopmyci 1,
AKUI 3aKPUBAETHCA KpuLIkoio 2 (puc. 2). lopoxuuna 3 3a-
TIOBHIOETHCA MAJIOCTUCKYBAHOW JlieTIeKTPUYHOI0 PiInHOW0
4, B AKIN PO3MIlYETHCA TEH30METPUYHUI YYTAUBUIL ene-
MeHT 5. Yepe3 mpuilManbHUI KaHal 6 TOPOXOBI rasu gi-
10Tb Ha MeMOpaHy 7, KA 13071106 IOPOXHUHY, CIPUNMAE

kr
g
/"/ / \ \‘\
| ‘
e / i ® 5
1 7 B 3

Puc. 2. Cxema meH3zomempuuHo2o damuuka mucky
Fig. 2. The scheme of tensometric pressure sensor

BUMIpIOBaHWI TUCK Ta Tepefae NOro [0 PiguHu 4.

BHacnifok 06TUCKAHHA YYTIUBOTO €/eMeHTa pifun-
HOW 3MIHIETbCA WOTO eNeKTpUYHUWiL omip. UyTnwsuit
€JIeMEHT BKJLIOYEHO B IUIeYe MOCTOBOTO IIEPETBOPIOBAYA
(Ha puc. 2 He IOKa3aHOro), BUXIZHWM CUTHAJIOM AKOTO
€ Harmpyra BUMiptoBasibHOI fiiaroxani mocra U (¢), mporop-
lifiHa BUMiptoBaHOMY TUcKy P(?). MocToBWil IIepeTBOpIO-
Bay XWBUTbCA HAIPYrow mocTiitHoro crpymy U, , mpu
11bOMY CTaTUYHA XapPAKTEPUCTUKA JaTuUMKa € NiHINHOW0 [4].

3 ypaxyBaHHAM KOHCTPYKTWBHUX IApaMeTpiB ZaTuuKa
TUCKY WOTO TEpefaTKOBWUIA Koe(illieHT BU3HAYAETLCA BU-
pasom [9]:

k=@G/16)LB)(r (1-17)/ E h)K, (1)
ne r, — papiyc MembpaHu; A, — TOBIWUHA MeMOpaHw;
lp — [OBXWHA UWILIHAPUYHOI MOPOXKHUHU 3 PIIUHOW0;
B — cruckysaticTb pigmun; £ — MOLyNb MPYKHOCTI
Marepiany membpann; K — TeH30MeTpUIHUI Koedini-
€HT MaTrepiajy YyTIAUBOTO eNeMeHTa; L — KoediuieHT
Ilyaccona marepiany MeMOpaHu.

[TpoBeneMo HOCTIImKEHHA CTATUYHOI XapaKTEPUCTUKU
IATYMKA 33 YMOB 3MIHIOBAHOI TEMITEPATYPW, BPAXOBYIOUM
HafABHICTb TEMITEPATYPHOTO TpajiieHTa.

VBeneMo IMO3HAYEHHS 1A 3POCTaHHA TEMIepPaTypu:
AT, — membpanu Ta kopryca, AT, — pimmam, AT, — uyT-
JvBOro enemenTa. Topi mapameTpu y IpaBint yacTuxi (1)
OTPUMAIOTb TaKi 3HAUEHHA:

ro=r,(1+0,AT), h =h,(1+0AT),
I =1,(1+0,T,), K =K/(1+0AT,), E' =k, (AT,)E, (2)

B'=k (AT,)B. W=k, (AT )1

nie 0., — KoedillieHT 06'eMHOrO TETI0BOTO PO3MIMPEHHS Pi-
IVHW; O, — Koe(illieHT NiHINHOTO TEIU10BOTO PO3UIVPEH-
HA MaTepiany MeMOPaHW Ta KOpIyca; k, (ATK ) — Koediui-
€HT, 1110 XapaKTEPU3YE 3MIHY TIOYATKOBOTO 3HAYEHHSA MOZY-
71 TPYXKHOCTI MaTepiany MeMOpaHm i, BIUIMBOM TeMIepa-
TYPY; Ky (AT B ) — KoeillieHT, W0 XapaKTepu3ye 3MiHy IT0-
YaTKOBOI'O 3HAYEHHA CTWUCKYBAHOCTI PiAMHW INif, BIUIMLBOM

15






BUMIPIOBAHHS TA BUTTPOBYBAHHSA

2'2018 « METPOJIOIISA TA [TPUJTAAN - ISSN 2307-2180

Temrieparypy; k, (AT, ) — oediujent, mo xapaxrepusye
3MiHy ITOYATKOBOTO 3HAueHHA koedinieHTa IlyaccoHa mus
Marepialy MeMOpaHW ITij, BIUIMBOM TEMITEpPATypu; 0L — Ia-
PaMeTp, 10 XapaKTEPU3YE 3IEKHICTb TEH30METPUYHOTO
koediuienTa Bin TemmepaTypu.

3asHaummo, mo sanexsocti &, (AT,), key (AT p),
ku (ATK ) HaBe[EHO V BijoMUX mkepenax iHdopmauii, Ha-
mpwknag, [10—12].

3a HafABHOCTL 3MiHW TeMIlepaTypw €JeMEeHTIB har-
YuKa yMmMoBa 6anaHCy MOCTOBOrO I€PeTBOPIOBAvA II0-
pyuuThbes, a BipHocHa 3MiHa U, Hampyru Ha BUMipio-
BaJlbHiN AiaroHasni MocTa CTaHOBUTUME

oU, =U"-U)/U". (3)

Mincrasumo po (3) Bupasu (1) i (2), mposeneMo

CITPOL}EHHSA T OTPUMAEMO:
1+o AT,

(1+a,AT,) (1+0AT;)

2 2
% 1—].1 [ ku (AZ{ ):I
-
(7, %, (A7) (1)
Bupas (4) Bu3Hauae BigHOCHe 3MiHIOBAHHA BUXif-
HOT'0 IapaMmeTpa [aTuuKa TWUCKY 3a HAABHOCTI BIUIUBY
TEMIIEPATYPN i [103BOJAE KiNbKICHO OLiHUTU Ta Ipoa-

dU, =1- X

(4)

Hani3yBaTu TeMIEPATYpPHY MOXUOKY AATYUKA 33 PisHUX
TEMITEPATYP Ta 33 Pi3HUX CYKYIIHOCTe oro GisuuHux
mapamerpiB. Ha ocHoBi Takoro aHanisy moxe 6yTu Bu-
3HAueHO NoTpeby B TeMIepaTypHiit cTabinisauii gaTum-
Ka TUCKY Ta 00I'PYHTOBAHO BUMOTW L0 CUCTEMU TEMIIe-
parypHoi crabinizauii.

[Insa xapaKTepHUX MapaMeTpiB faTuMKA TUCKY Ta Ia-
paMeTpiB 3apAAKaHHA 3MiHA TeMIEpPaTypu MeMbpaHu
Imip yac CTPinbbu OfUHOUHWUMMW IOCTpPinaMu 3 iHTepBa-
nom (5—10) xB He mepesumye (2...5) K, pignaun —
(0,5...2) K, TeH30METPUYHOTO YYTIUBOTO €/leMEHTa —
(2...10) K, a 8U, cranosuts (0,3...3) %.

fxmo 3HaveHHA U, mepeBullyE MeXy BCTAHOBIE-
HOTO iHTepBany [OMYCTUMUX 3HAUeHb, MOXeE OyTH 3a-
CTOCOBAHO 08a cnocobu 3MeHUIEHHA BIIUBY TeMIlepa-
TYPW Ha PEe3YJbTaTU BUMipIOBaHb.

IMepwuil cnoci6 monArae B po3paxyHKy 3HAUEHHA
dU, 3a Bupa3oM (4) Ha OCHOBI IOKasaHb 3acobiB BU-
MiplOBaHHA TEMIIEepaTypw, CEHCOPU SAKUX MalTb OYTU
po3MinleHi Ha BiAMOBIAHUX €leMEeHTAaX JaTYUKa MUTTE-
BWUX 3HaueHb TUCKY. Hapani pesynbTaru ub0ro pospa-
XVHKY [JOLiJIbHO BPaX0OBYBATU ANTOPUTMIYHUM LIIAXOM
B 00YMCNIOBANILHOMY IPUCTPOi 3ac00y BUMiplOBaHHA
MWUTTEBUX 3HAUEHb TUCKY, TOOTO BBELEHHAM IOIPABKU
B Impoueci obuncneHHa mapamerpie kpusoi P(z).

Jpyeuti cnoci6 mepenbayae 3acTOCYBAaHHA CUCTEMU
TeMIeparypHoi crabinisanii yyTauBoro enementa par-
YUKA TUCKY Ha OCHOBI, HANIPWUKIAZ, elleMeHTa [lenbTbe.
[Ipu uboMy 1l KOXKHOTO i3 ITOEAHAHD KOHCTPYKTUBHUX
mapaMeTpiB JaTYUKa TUCKY Ta BUMOT O TOYHOCTI BU-
MipioBaHHA BUpa3 (4) LO3BONAE OOIPYHTYBATU BUMO-
' [0 LONMYCTUMUX BifXWieHb TeMIIepaTypu YyTIUBO-
r'o efneMeHTa, TO6TO 3afaT BUXIJHI BUMOIUM [0 CUCTe-
MW TeMIeparypHoi crabinizauii. Take TexniuHe pinren-
HA J03BONUTDb 330€3MEeUNTU CTANICTL TEMITEPATYPU UYT-
JIUBOTO €JIEMEHTA i, OT)KE, 3MEHLIEHHA TeMIePaTypHOI
CKNaf10BOI MTOXUOKU BUMIpPIOBAHHSA.

BHCHOBKHI

OTpumanuit BUpa3 1A OLiHIOBaHHA BIUIUBY TEMITe-
paTypu Ha BUXILHWIA CUTHAN TEH30METPUYHOTO AATYM-
Ka MUTTEBUX 3HAUEHb TUCKY LO3BOJAE OOIPYHTOBYBA-
TU BUXIiIHI BUMOTM [10 CUCTEMM TeMIepaTypHoi crabi-
nizauii faTunka 3a KOHKPETHUX YMOB IIPOBEJEHH:A BU-
MiptoBaHb.

[Ins Hanbinbur xapaKTePHUX YMOB IIPOBEAEHHA BU-
MipioBaHb TEMIIEPATypHa CKI3Z0Ba MOXUOKM mepeby-
Bae B Mexax (0,3...3) %.

Ilo MOXNUBUX MINAXIB 06MeXeHHSA BIUIUBY TeMITEpa-
TYPW Ha pe3yibTaTu BUMIPIOBaHHA MUTTEBUX 3HaueHb
TUCKY IOTPiOHO BiHECTW BU3HAUEHHA Ta BPaXyBaHHA
BiAmoOBifHOI MOMpaBKU L0 pE3YJbTATiB BUMIPIOBAHHA,
a TaKOX 3aCTOCYBAHHA CUCTEMU TeMIIepaTypHoi cTabi-
nizauii YyTAMBOTO eneMeHTa ZaTyuka TUCKY.

CIMIMCOK BUKOPUCTAHUX O>KEPEJ1 / REFERENCES

1. Binenxo 0. I. IligBumenna ctabinbHOCTi AyAbHOI mBUA-
KOCTI [TOpaKaunx eneMeHTiB kineTnuxoi 36poi HecMep-
renbHoi pii [Texcr] / 0. I. Binenxo, B. B. Mametko //
36ipHuK HayKoBUX mpaub Akamemii BB MBC Vkpainu. —
X.: Axanemisn BB MBC Vkpainu (Bilenko, 0., Non lethal
weapons projectiles’ muzzle velocity stability advancing,
[Text], Scientific Works of Academy of Interior Troops
of Ukraine). — 2010. — Ne 2 (16). — C/P. 5—10.

2. Kpwoxos 0. M. IIpo6bnemu BUMIpIOBALbHOTO KOHTPONIO
TapameTpiB BHyTpilrHboOanicTuunnx mpouecie [Texcr] /
0. M. Kpiokos, 0. A. Anexcanpnpos // XVIIC : 36ipHuk Hay-

16

koBux mpatp XVIIC. — X.: XVIIC (Kriukov 0. M. Problems
of measuring control of the parameters of intra-ballistic
processes. [Text] / 0. M. Kriukov, 0. A. Aleksandrov //
Collection of sciepptific works of Kharkiv University
of Air Forces. — Kharkiv: Kharkiv University of Air
Forces). — 2009.- Bum./ Issue 1 (19). C/P. 150 - 152.
3. Kpwokos 0. M. IlepcrekTuBu eKCIepUMEHTAJbHO-
r0 BW3HAYEHHA O0aniCTMYHUX eneMeHTiB mocTpiny
[Texkcr] / 0. M. Kptoxos, B. I. Mynpuk // ABB MBCY: Hay-
KoBe BupaHHA — X.: 30ipHUK HayKOBUX Tpaub Akapemii
BHyTpiuHix Biicbk MBC Ykpainu (Kriukov 0. M. Prospects





2'2018 « METPOJIONISA TA NPUJTALN « ISSN 2307-2180

BUMIPIOBAHHS TA BUTTPOBYBAHHSA

for the experimental determination of ballistic elements
of the shot [Text] / 0. M. Kriukov, V. G. Mudrik //
Collection of scientific works of the Academy of Internal
Troops of the Ministry of Internal Affairs of Ukraine. —
Kharkiv: Academy of Internal Troops), — 2013. — Bum./
Issue 1(21). — C/P. 21 — 24.

. Kproxos 0. M. [locnigHa ycraHOBKa 1S BUMipPHOBAHHA
MWTTEBUX 3HAYEHb TUCKY B KaHalax CTBONIB cTpinenbkoi
36poi Ta aprunepiiicbkux cucrem [Teker] / 0. M. Kpiokos,
0. A. Anexcanppos // Merponoria ta mpunagn (Kriu-
kov 0. M. Experimental facility for measuring
instantaneous pressure values in bores of small arms and
artillery systems [Text] / 0. M. Kriukov, 0. A. Aleksan-
drov // Metrology and instruments). — 2011. —
Ne 4 (30). — C/P. 62—67.

. Opatigen [x. CoBpemeHnHble paTuuku. CrmpaBouHWK
[Tekcr]: mep. ¢ aurn. K. Tkauenko / ®paiipen Ix. —
M.: Texnocdepa (Fraden J. Modern sensors. Handbook
[Text]: / J. Fraden — M.: Tehnosfera). — 2005. —
592 ¢/p.

. Ocapgunii E. TI. n pp. [IpoekTnpoBatue gaTynka Aas nme-

penus MexaHudeckux Bennuut [Texcr] / E. II. Ocapunit
u pp. — M.: Maumuoctpoenve (Osadchij, E. P. et al.
Designing a sensor for mechanical values measuring
[Text] / E. P. Osadchij et al. — M.: Mashinostroyenie). —
1979. — 477 ¢/p.

. Ionumyk E.C. npeo6pasoBare-
am [Texkcr] / HMonwmyx E. C. — Kwues.: Buma mko-
na (Polishchuk E. S. Measuring transducers [Text] /
E.S. Polishchuk — Kiev: Vyshcha Shkola). — 1990. —
480 ¢/p.

H3mepurensubie

8.

10.

11.

12.

Mapsamosa U. U. IlonynpoBoZHWKOBLIA AATYMK [JIA W3-
Mepenus 6onbunx pasnenuit [Texcr] / A. A. Mapbamosa,
B. U. Cuigup, 0. C. Exumos — M.: IIpubopsl u cucTeMsl
ynpasnenns (Marjamova I. I. Semiconductor sensor
for high pressures measuring [Text] / L. I. Marjamova,
B. L. Sydir, Ju. S. Jekimov. — M.: Pribory i Sistemy
Upravleniya). — 1981. — 456 c¢/p.

Kpiokos 0. M. MaTemaTuyta MOZe/lb IATYNKA [ij1s BUMipIO-
BAHHA MUTTEBUX 3HAY€Hb TUCKY B KaHalax CTBOMIB CTPi-
neubkoi 36poi [Tekcr] / 0. M. Kpiokos, 0. A. Anekcanapos
// XVIIC: Cucremn 036poeHHA Ta BilicbKOBa TeXHiKa: Ha-
yK. xypH. — X.: XVIIC (Kriukov 0. M. Mathematical
model of the sensor for measuring the instantaneous
values of pressure in the bores of small arms [Text] /
0. M. Kriukov, 0. A. Aleksandrov // Arms and military
equipment systems. — Kharkiv: Kharkiv University
of Air Forces). — 2010. — Ne 4 (24). — C/P. 83—89.
Kyxnuar X. CmpaBounuk mo ¢usuke [Texker] /
X. Kyxnusr — mep. ¢ HeM. E. M. Jletikuna. — M.: Mup
(Kuhling H. Handbook of Physics [Text] / H. Kuhling —
M.: Mir). — 1982. — 520 c/p.

[Incapenxo I.C. IIpoyHOCTb MaTepuanoB IPW BLICOKUX
remmeparypax [Tekcr] / T. C. Ilucapenko — M:
Jneproaromuspar (Pisarenko G. S. Strength of materials
at high temperatures [Text] / G. S. Pisarenko — M:
Energoatomizdat). — 1981. — 235 ¢/p.

UBanos A. U. IloBefieHne MeTauIOB IPU MOBLILEHHBIX
HECTALMOHAPHHIX TEMIeparypax u Harpyskax [Texcr] /
A. J. VBanoB — M.: Hayka (Ivanov A. I. The behavior
of metals at elevated non-stationary temperatures and loads
[Text] / A. I. Ivanov — M.: Nauka). — 1982. — 544 ¢/p. 28

Ompumaro / received: 28.02.2018.

Cmammas pexomerdosaHa 0o nybnikayii d.m.H., npod. 0.B. Ionapycom (Ykpaina).
Prof. 0.V. Poliarus, D. Sc. (Techn.), Ukraine, recommended this article to be published.

17







