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JlucepTallMOHHUAT TPy € 00ChJIeH Ha KaTeJpeH ChBET HA KaTelpa
,,BBOPBHKEHHE U TEXHOJIOTUH 32 MIPOeKTUpaHe * Ha (paKkynTeT ,,ApTHiIepus,
I[IBO u KNC*“ B HBY ,,B. JleBcku* Ha 11.04.2022 r. u € HacpoueH 3a
3amuta npea Hayuno xxypu na HBY ,,B. JleBcku* — Benuko TspHOBO, 1O
Hay4yHaTa CHEIHaIHOCT ,,JI[nHaMuKa, 6anucTuka U yrpaBJieHHUE MOJIeTa Ha

JICTATEJIHU arapaTtu’” .

3ammTaTa Ha AUCEepTalMOHHUS TPy 1ie ce cbeTor Ha 30.06.2022 r.
or 11.00 4. B memaprameHt ,,Yyxmoe3nkoBo oOyudenue Ha HBY ,B.

JleBcku‘.

JIOKTOpaHTBT 3aeMa JUIbKHOCT aCHCTEHT B Kareapa ,,BropbkeHue
Y TEXHOJIOTUH 3a IpoeKThpane” Ha pakynreT ,,Aptunepus, [IBO u KUC”

B HBY ,,B. JIeBcku™.

OCHOBHUTE U3CII€IBaHUA 10 JUCEPTALMOHHUS TPY]l Ca MPOBEICHU
Ha lleHTpasieH apTWIEPUNCKU TEXHUYECKM M3MUTATENIEH IOJUIOH - TP.

Crapa 3aropa.



JlaHHM 3a TUCEPTAMOHHUSA TPY:

Tema: ,,VI3cnenBaHe Ha BIUSHUETO HA JopMaTa Ha KyplIyMa BbpPXY
PUKOLIETHOTO My J€HCTBHE”

Aemop: nnx. Pocen Henkos Jlazapos

bpoii na cmpanuyume: 164

bpoii na mabauyume: 30

bpotii na pueypume: 35

bpoii na numepamyprume uzmounuyu: 132

Tupaorc: 3 Op.
H3znuza om nevam ua. .......... 2022 r.
Ileuamna 6aza na gaxynret ,,Aptunepus, [IBO u KUC” npu HBY

,,B. JleBckn.”



XAPAKTEPUCTHUKA HA TUCEPTALIUOHHUS TPY
1. Bux Ha qucepTAMOHHUS TPY/

Hayunou3scnenosarencku Tpya, OTIIEYaTaH B HEroBaTa ChIIECTBEHA
9acT, oOXBaIall ISUIOCTEH HAyYeH MPOOJIeM ¢ IMOCTaHOBKA Ha IEJIUTE U
3alaunTe, JOKa3aH C TEOPETUYHU H3CJICABAHUA U EKCHEPUMEHTAIHU
pesyaratu. Pa3paboTeHn ca MOJEIM W METOJUKH, NPOBEJACHU ca
COOCTBEHM EKCIIEpMMEHTH M Ca HANpaBeHH CHOTBETHUTE AaHAIU3U H
U3BO/IN.

2. AKTYaJIHOCT U 3HAYMMOCT HA JUCEPTANUOHHUSA TPYX

B MHOrO 0T ciyuyauTe SBJICHHETO PHKOIIET € H3IO0J3BAHO U
yIpaBsBaHO C OTJIeJ IOCTUTAaHEeTO Ha I0-700pH pe3yJITaTh, HO B
OTIPENICJICHH CUTYallud TO MOXE Ja ObJe ONMAaCHO M JOPH CMBPTOHOCHO.
KypurymbT ry0u 49acT OT eHeprusita CH, MPOMEHS TPACKTOpHATA CH H
€BEHTYaJIHO € HapylieHa 1enocrra My. [lopagu Te3u MNpPUYUMHU €
HEOOXOJIUMO J1a C€ OTpaHMYaBa I0sBaTa Ha HEXKEJIAaHU PUKOIIETH, KaTo 3a
1enTa TpsioBa Jla ce U3ydar YCIOBHUSTA 32 PUKOIIET OT Pa3jIMyHU BHUJIOBE
MOBBPXHOCTH W Jla C€ U3BEJAT 3aBUCHUMOCTH, KOWUTO Ja OIKMCBaT
YCJIOBUATA HAa BB3HUKBAHETO My, HA4YMH Ha YIPABJICHUETO MYy WU
HEJIOMYCKAHETO MY.

B aprunepwuiickata crpenba ce u3Mmoii3Ba CTpesida C PUKOIIET 3a
MoJy4aBaHE Ha BB3AYIICH Pa3puB CJI€] CpPEIlaHe Ha CHapsiia ChC 3eMHaTa
(BomHata) mperpana. Pa3puBbT OT pHUKOIIET MO XHWBA CUJa U OTHEBU
CpeACTBa Ha OTKPUTO U B OTKPUTH OKONHM € MHOIO I0-¢(EeKTHUBEH,
OTKOJIKOTO 3€MHHMSAT, ThH KAaTO C€ yBEJIMYaBa 30HAaTa Ha JCWCTBUE Ha
OCKOJIKHUTE.

Crpenmba ¢ puUKOIIET Ce€ U3MOJ3Ba B OoifHATa aBHWaIuUsa 3a
HAHACSHETO Ha 3HAYUTEJIHUW TMOBPEIM Ha HAABOJHU KOpaOu mpu
O0MOOMSITaHE C PUKOILIET.

Bbopeku apjaroroguiiHata MpakTHKa IO H3MOJI3BAHETO Ha
PHUKOIIIET, TIOSIBIBAHETO MY IMPHU CHIIPUKOCHOBEHUE C BOJIHA MOBBPXHOCT
HE € JIOCTaTh4YHO J0OpEe M3Y4YEHO W CBHIIECTBYBAIIUTE MaTEMaTHYECKU
MOJICIM HE M3SICHSABAT ISUIOCTHO IMpoleca. B HsAKoM crennan3vpaHu
W3/IaHUs ca MyOJIMKYBaHW YaCTUYHHM W3CICABAHUSA M EKCIICPUMEHTATHU
pesyatatu [108][109][128], Ho He 3acsiraT B AeTalM HABIW3aHETO Ha
KypIllyMa BbB BOJIa, IBI)KEHUETO MY M HAITyCKaHETO Ha BOJIHATA Cpelia B
CJIEJICTBHE HA PUKOIIET.

N3yuaBaHeTo Ha SBJIEHUATA, BH3HUKBAIIM MIPU PUKOIIIETa OT BOJHA
cpeda croMara IpW aHain3a Ha (DAKTOPUTE, KOMTO OKa3BaT BIIHSHHUC
BBPXY CTAaOWJIHOCTTa Ha KypIIymMa MPU JABUKCHUE B Pa3IMYHU CPEIIH.
AHaM3bT Ha (akTopuTe MOXKE Jla C€ M3IMOoJ3Ba 3a JAedUHUpaHE Ha
W3UCKBaHUA KbM opMaTa Ha Kypllyma 3a mojoOpsiBaHe Ha JABHUKEHUETO
MY B CpPEeH ¢ pa3juyHa IUITbTHOCT U OTpaHWYaBaHE B MaKCHMaJIHA CTEIEH
nolyyaBaHeTo Ha pukomieTu. [lomyuaBaneTo Ha Kypmym ¢ Qopwma,
OTTOBapsIlla Ha U3UCKBAHUSITA 32 HEOOXOIUMOTO TTOpa3sIBaIlo JACHCTBHE B
Cpeau ¢ paziMdyHa IUTBTHOCT, € MpoOJieM C H3KIIOUMUTEIHA TEOPETHYHA
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CIOXKHOCT. TOM HM3HMCKBA pEelIaBaHE €IHOBPEMEHHO HA TPHU 3aJa4d —
3ajJjayaTta Ha BBHIIHATa OaJMCTHKa, 33JauaTa 3a Cpellara Ha Kypliyma C
BOJAHATa cpeda, omnpenensma ¢opmata My 3a OrpaHHMYaBaHE Ha
PUKOLIETUTE M 3a/JadaTa 3a CTA0OMJIIHOTO MY JBWKEHUE BBB BojaTa MpuU
yciioBusTa Ha kaButanms. [109][128]

[Ipn pa3paboTBaHETO HA AMCEPTALMOHHUSA TPYyJA Ca H3IOJI3BAHU
CIICIHUTEC HAy4YHH IOAXOAU: aHAIM3 M CHHTE3, CHCTEMEH IOIXO,
MaTEMaTU4YeCKO MOJIECIUPAHE U IPYTH.

MaremaTuueckusaT amapar, HOPWIOKEH 3a pa3padOTBaHETO Ha
aHAJIMTUYHUTE MOJENHM, M3IMO0J3Ba: MAaTpU4Ha airedpa, AUQepeHIranHa
ajredpa ¥ CTaTUCTUYECKH aHAJIM3.

3. O0eKT M npeaMeT HA TUCEPTAUOHHUSA TPY/

OOeKT Ha H3cC/IeABaHETO € KypIIyM Ha CTPEJIKOBU Ooempuriac
HOMEHKJIATypeH HHIEKC 7,62x54 mm.

IIpeamer Ha u3cjeBaHETO: OLICHKA HAa BIMSHUETO HA paJHaIHU
KaHaJM, H3pabOTEeHU MO OXKUBaJHaTa 4YacT Ha KypUIyMa, BBpPXY
PUKOLIETHOTO MY J€MCTBHE MPU yJIap BbB BOAHA CPE/A.

4. Iles1 1 3a1a4u HA AUCEPTALMOHHUSA TPYA

LeaTa Ha IMcepTAMOHHUSA TPY/ € /1a C€ U3CJIeIBA BIUSHUETO Ha
dbopmara Ha KyplIymMa BbPXY PUKOIIETHOTO MY JEHCTBHUE TMPH cpelia ¢
BOJ[HA CpeJla ¥ MOBUIIIABAHE HA AHTHPUKOIIETHOTO JEHCTBHE HAa KypIIyMa
Ha ChIIECTBYBaIl OOempunac, rpyrnupaHoOCTTa Ha KOWUTO Ja ObAe B
HOPMUTE 3a TPYNUPAHOCT HA TOMAJCHUSITA 3a ChOTBETHATa CTPEIIKOBA
cucTema.

3anaum HA qMCEePTANIMOHHUS TPY:

1. Cb3ngaBaHe Ha TeOpeTUYEH Mojed Ha ¢opMara Ha Kyplryma ¢
1[e7 TTOBUIIIaBaHE HA aHTHPHUKOIIETHOTO MYy IEHCTBHE TPHU CTpenda To
BOJIHA TIOBBPXHOCT.

2. V3BbpuiBaHE Ha €KCHEPUMEHTAIHO WU3CJIE/IBAHE HA BIUSHUETO
Ha (popmaTa Ha KyplIyMa BbpXY PUKOIIETHOTO MY JIEUCTBHE NIPU CTpenda
10 BOJIHA TOBBPXHOCT.

3. OrmeHsiBaHe Ha aJ€KBAaTHOCTTa Ha Pa3pabOTEHUSIT TEOPETUUYEH
Moznen Ha ¢opMara Ha KypllymMa C 1€l [OBHUIIaBaHE Ha
AHTUPUKOIIETHOTO My JIEHCTBHUE MPHU CTpenda Mo BOAHA MOBBPXHOCT.

5. MeToau Ha u3cjaeIBAHETO

[Ipu pa3paboTBaHETO Ha AUCEPTALMOHHUS TPYA ca H3IMOJI3BaHU
CIIEIHUTE€ HAyYHH IMOAXOAM: AHAIW3 M CHUHTE3, CHCTEMEH MOIXO[,
MaTEeMaTUYECKO MOJIETUPAHE U IPYTH.

MaremaTuueckusaT amapar, OPUIOXKEH 3a pa3paboTBaHETO Ha
aHAJIMTUYHUTE MOJENU, M3MO0JI3Ba: MAaTpuyHa ainreOpa, AudepeHIuanHa
anredpa ¥ CTaTUCTUYECKH aHAJIM3.



6. [Ipunocu

Ha ocHOBaHME Ha M3BBPIICHUS aHAIW3 U CUHTE3UPAHUTE MOJEIH,
MIPOBE/ICHUTE €KCIIEPUMEHTATHN U3CIEABAHUSA, MTOTYYEHUTE PE3YITATH U
HAIPaBeHUTE U3BOAM OT TAX, MOrar Ja ObAaT ACPUHHUPAHU CICIHHUTE
MIPUHOCH:

HaquO-npnﬂomnn IMPUHOCH:

1. Jopa3Buta € TeopusiTa 3a ONpeneisHe Ha OaJMCTHYECKUS
KOe(HILIMEHT, MPU HAJIMYKME HA PaJMaIHU KaHaIHM 10 0)KMBaJHATa yacT Ha
KyplIyMma.

2. Jlopa3zButa € TeopusATa 3a ONpEIeNsHE YCKOPEHHETO Ha
KypllymMa IIpU HaBJIM3aHE BbB BOJHA Cpe/la C OTUUTAHE HA BIMSHHUETO HA
OanmucTHYeCKUs KOe(PUIIMEHT U bI'bJIBT Ha CPEllla C BOJHATA TOBBPXHOCT.

3. Pa3zpaboTeH € CTaTUCTMYECKH MOJEN 32  M3CJE/IBaHE
M3MEHEHHETO Ha yCKOPEHHETO Ha KyplIyMa IMpH HaBIW3aHE BHB BOJHA
cpeda C OTYMTAaHE Ha BIMSHUETO HA BIBIBT Ha Cpella ¢ BOJHATa
MOBBPXHOCT.

4. PazpaGoreHa e MeToaMKa 3a TOJWITOHHM W3MUTBAaHUSA 3a
u3Ccle/BaHE HA BIUsAHHETO Ha (Qopmara Ha Kypuiyma BBPXY
IpyNUpaHOCTTa Ha CTpendaTa, N3MEHEHHETO Ha CKOPOCTTa Ha KypIllyMa U
PHUKOILIETHOTO MY JIeHICTBHE BbB BOJHA CpEa.

[MpunoxHu npuHOCH:

1. ExcnepuMeHTaJHO € yCTaHOBEHO, Y€ HAJIMYMETO Ha pauaIHH
KaHaJd TI0 OXKMBAJHATA YacT Ha KyplIyMa BOAW 10 HaMmalsBaHE Ha
PUKOLIETHOTO JIEVCTBUE BBB BOJHA CPEJIA.

2. Pa3zpaborena e mporeaypa 3a HU3MNUTBAHE Ha PHUKOIIETHOTO
NEUCTBUE BBHB BOJAHA Cpela, TIPYyNUPAHOCTTA HA TMONAJAEHUATA U
M3MEHEHUE Ha CKOPOCTTa BbB BB3/yIIHA Cpella Ha KypILIyM Ha Ooernpumnac
C HOMEHKJIATYpEH UHAEKC 7,62x54 mm.

3. Cw3nmanenu ca GU3MYECKU MOJISTH Ha KypIIyM Ha Ooernpuriac ¢
HOMEHKJIATypeH HHAEKC 7,62x54 MM ¢ u3MeHeHa popMa Ha OKMBajHaTa
4acT, ¢ LieJ1 HaMaJlsiBaHe Ha PUKOIIETHOTO JIEUCTBHE BbB BOJIHA Cpea.

4. IlpoexTupaHo M U3paOOTEHO € TEXHOJIOTMYHO O0OpyJBaHE 3a
OCUTypsIBaHE Ha EKCIMEePUMEHTAIHO W3MHUTBAaHE M W3pa0OTBaHE Ha
du3nueckn Monenu Ha KypIIyMd Ha Ooemnpuriac ¢ HOMEHKJIATYpeH
uHIeKC 7,62x54 mm, ¢ u3MeHeHa (hopMa Ha OKMBAJIHATA YacT.

8. Anpobaumst

Pe3ynratute OT TEOPETUUHUTE U EKCIIEPUMEHTATHUTE U3CIICBAHUS
ca JOKIagBaHM M o0OcChkkmanu Ha Hayyna cecuss Ha dakynaTeT
SAptunepusi, [IBO u KHUC” na HBY ,B. JleBcku” B rp. Illymen
HampaBjeHue ,,Bropbxkenne wu TexHuka® npe3 2018 1., ['oguminHa
YHUBEPCUTETCKA KOH(EPEHIUs ¢ MEXIyHapoaHo ydactue Ha HBY | B.
JleBcku” - rp. B. TopHOBO HampaBienue ,, Texunuecku Hayku mpe3 2019
r., X Hayuna xondepennus na HBY ,B. JleBcku” - rp. B. TbpHOBO
,JlorHUCcTHKAaTa U 00IIeCTBeHUTE cucTeMu’ rpe3 2021 r.



9. CTpyKkTypa ¥ 00eM Ha JMCePTALUMOHHUSAT TPYA

JIucepTalMOHHUAT TPYyA CE€ CBhCTOU OT: YBOJA, YETHPU TJIaBH,
3aKJIIOUYEHHUE, CMHCHK HAa HAYYHUTE MyONMKAIMM MO TeMara, COUCHK Ha
U3I0J13BaHaTa JUTEpaTypa, IPUI0KEHUS.

JucepraimoHHuaT Tpyd € B obOem 142 crpanuim, ¢ 30 Opos
Tabnuiy, 35 Oposi ¢urypu, 22 ctpaHuiu npusoxeHus. JlutepatypHata
crpaBKa BKJIIOUBa 132 muTepaTypHu H3TOYHHKA.

KPATKO CbABPKAHUE HA TUCEPTAIIMOHHUA TPY [

I'maa I AHAJIU3 HA ®AKTOPUTE, OKA3BAIIUA
BJIUSTHUE HA PUKOIMIETHOTO JEVMCTBUE HA KYPIIIYMA
OT BOAHA MOBBPXHOCT

1.1. PukomieTHo aeiicTBHE HA KypIIyMa.

PuxomeTsT Bh3HHUKBA, KOTAaTO BEKTOPHT HAa CKOPOCTTA HA I[EHTHPA
Ha Macata Ha kypimryma [CG] B MOMeHTa Ha cpela ¢ [eiTa € OpUeHTUPaH
B ITOCOKA, pa3JIMyHa OT Ta3W KbM IEITa B CE€ XapaKTepU3npa C MAJIKHU bIITU
Ha cpemarta (ompedels ce Karo bBrbjla MEXAy TaHTCHIIMATHHS
MOBBPXHOCTEH BEKTOpP M BEKTOpa Ha CKOPOCTTAa Ha IIEHThpa Maca Ha
cHapsima). breabT Ha PUKOIIETa U CKOPOCTTa HAa PHUKOIIETA 3aBUCAT OT
CKOPOCTTa Ha KypIlIyMa, bI'bjla Ha HAKJIOHA HA TPAECKTOPHSTA HA IIEHTHPA
Ha MacaTa Ha KypliIyMa CIpsSMO paBHMHATa Ha MHUIIIEHATa B MOMEHTa Ha
yAapa W Macarta Ha KyplIyMa KakTO M TE€OMETPHUATa, UHEPIUMOHHUS
MOMEHT ¥ CBOMCTBaTa Ha IIeJITA.

CeliecTByBa Mpar Ha brbjia Ha yaapa (KpUTHYEH BIbI), OTBBI
KOMTO PHKOIICTHT HE MOXKe Ja Bb3HuKHE.[83] ToraBa KypiiymbT ce
3a0uBa B IIeJITa WK ce fedparMeHTupa.

[Ipu ymap Ha KypiiymMa ¢ TOBBPXHOCT, TIPH BI'BJ, MO-MalbK OT
KPUTUYHUS, KypIIYMBT III€ PUKOIIMpPa OT IOBBPXHOCTTA, BMECTO Ja
npoHukHe B Hes. Clel pHKoIIeTa, KypimIyMbT IIe 3aryOu 3HadWuTeTHA
4acT OT CKOPOCTTa CH M HEU3MEHHO Ile 3aryOu CBOSITA CTaOMIIHOCT.
TpaekTopusra Ha KypliymMa cTaBa HENPEABUAMMA W TOW MOXeE Ja
NpeIn3BHUKa TIOPAKEHUS B TPOW3BOJIHM HampasiieHus. [IporrHo3upanero
Ha CTOMHOCTTa HAa KPUTUYHHUS BIBI 3a BCsAKa KOH(UTypanus Ha
KypIIYyM/TIOBEPXHOCT € U3KIIOYUTENHO TpyaHo. dDakTopu karto popma Ha
KypIlIyMa, KOHCTPYKIIUS, CKOPOCT M CBOWMCTBaTa Ha MOBBPXHOCTTA OT
KOSITO PUKOIIIMPA OKa3BaT BIUSHHUE BHPXY pe3yiTaTa.

[TapameTrpuTe, BIUsSENIN BbPXY MOTEHIMANIA 32 PUKOIIIET, C& MHOTO
pazHooOpa3nu. TpynHO € Ja ce YCTaHOBAT HSKAKBH TBBPAU U OBpP3U
mpaBuiia OTHOCHO YCJIOBHSITA 32 Bb3HUKBaHE Ha pukolier. CaeaoBaTeHo
EMIIMPUYHUTE U3CIEABaHUA TpsiOBa Ja ce M3BBPIIBAT 3a BCEKU OTJEJICH
ciyuyaii. Mma o6ade HAKONIKO 00OOIIEHUs, KOUTO MoraT ja Obaar
MPUIOKEHHU.

1. B noBeyeTo cinydad Ha KypIIyMH, PUKOILIMpAIIX OT TBbpAA
MOBBPXHOCT, BI'bJIBT Ha PUKOIIET € 3HAYMTENIHO MO-MalbK OT bI'bjJa Ha
nagane. [Ipu xkypurymu ¢ TBbpAa 0OBUBKA, BUCOKOCKOPOCTHU KYPIIYMH,
YAPAIIY 9yTUIMB MaTepuall KaTo KaMbK WM OCTOH, HE BUHATH BI'bIBT HA
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PUKOLIET € MO-MaJbK OT bIbJIa Ha MajaHe. AKO CE€ MOJy4Yd JOCTATHYHO
KpaTepupaHe Ha NOBBPXHOCTTa MpU YyJap Ha KypIIyM, H3XOJHAaTa
paBHUHA Ha KpaTepa I11e 0b/Ie ¢ MO-ToJIsIM BI'bJ OT bI'bJa Ha majgane. Tosa
ce OBJDKM Ha (pakTa, 4e KypLIyMbT YIpsS HOBBPXHOCTTA MOJ IMO-TOJSAM
BI'bJI HA MAJIAHE U CJIEOBATENHO MO-TOJIAM BI'bJ HA PUKOLIET.

2. KpUTHYHHAT BrbJ 332 KypIIYM C MEKa WJIM KyXa TOYKa € I10-
HUCBHK OT TO3U 32 €KBUBAJICHTEH KypIIyM C Iisi1a 00BUBKa. B TO3M cityuait
nedhopMHUpaIUAT c€ HOC Ha KypIIyMa ¢ Kyxa TOYKa yBeJIudaBa bI'bjia Ha
najaHe, KaTo MO TO3W HAYMH YBEJIMYaBa CKIIOHHOCTTA KbM PUKOIIIET.

3. KpuTu4yHUAT BI'bi 3a AAJE€H TUI KypUIyM-MHIIEHHA cpena
3aBHCH OT CKOPOCTTa Ha B MOMEHTA Ha yAapa.

4. Kypurymure HEU3MEHHO TyOST CBOSTa JKUPOCKOIUYHA
CTaOMJIHOCT U 1Ie ce ImpeoOpwuIar cien puxomeT. ToBa npeoOpbiaHe
MOPAXK/JA XapaKTEPHO CBUCTEHE WIIM KY>KEHE, TOKATO PEOOPhIIALIUAT Ce
KypIIyM [IPEMUHABA BbB Bb3yXa.

5. Kypurymure, KOUTO Ca PUKOMIHUPAIA OT CTBHKJIO, CTOMAaHa,
OCTOH WIM ObpPBO, MUMAT OTIWYUTENCH OeJier, KOUTO € XapakTepeH 3a
Marepuasna, ¢ KOMTO € HalpaBeH KOHTAKTHT. AKO MaT€PUAIBT € CTHKIIO
WJIY TIOJIMpaHa CTOMaHa, € XapakTepHa OrIeaIHaTa MOBbPXHOCT. ChBCEM
pasiMyeH € pe3ydTaThT, IPYU PUKOIIET Ha KypulyMa BbB BOAHA cpena. B
TO3U CIy4yall BbpXY KOpITyca Ha KypllyMa HE c€ HaOJIolaBaT Cleau OT
MEXaHUYHOTO B3aHUMOJEHCTBHE MEXKIY KyplIyMa U BOJaTa.

6. BUCOKOCKOPOCTHHUTE KYpIITyMH ¢ ThHKa 0OBHBKa OOMKHOBEHO
ce pasmazar npeau pukomer. ToBa ce OTHAacs IOpPH U 32 PUKOIIETHO
JIEVUCTBUE BHB BOJIHA Cpeia.

1.2. AHaau3 Ha (akrTopuTe, BJIUACHIM BbPXy PHUKOILIETHOTO
AeficTBHE HA KypLIyMa

1.2.1. ®axkropu, 3aBHCCIId OT XAPAKTEPUCTUKUTE Ha
KypuIyma:

1.2.1.1. BbHIIHO 02JMCTUYHH apaMeTpPH.

BBHIIHO OaJUCTUYHU MapaMeTpH, OKa3Balllh BIUSHUE BBbPXY
PUKOLIETHOTO JACHCTBUE HA KyplllyMa ca:

- kamObp (d) — OKa3Ba BIMSHUE BHPXY YCITHOTO CHIPOTHBIICHHE
(c,), xoedunmenra Ha (opmata Ha Kypiayma (i) U OaJIUCTHUECKHUSA
koedunueHt (BC;);

- Maca (m) — BiIMsAe BBPXYy HHEPIHUATA HAa KypIIyMa, BBPXY
OaIMCTUYHUS KOS(PUIIMEHT U BbPXY JEHCTBUETO HA KyplIyMa B LIEJITa;

- HavajJgHa CKOpOCT Ha Kypmyma (v,) — ompenens CKOpoCTTa Ha
KyplIyMa [0 BpE€ME€ Ha IoJIeTa 10 TPAeKTOpHsITa B 3aBUCUMOCT OT
OanmucTHUecKust Koe(puireHT Ha Moena,;

- ¢dopma Ha Kypuryma — ompenens koepunueHta Ha dopmara i.
Oka3zBa MpsIKO BIUSHHUE BBPXY CKOPOCTTAa Ha yJap Ha KypllyMmMa B LEnTa
Ype3 3aBUCHUMOCTTA CH OT Bb3AyIIHOTO CHIIPOTUBIICHHUE;

- CKOpPOCT Ha KypllyMa MpH cpelia ¢ nperpaaara (v,) — CKOpocTTa
Ha KyplIyMa IpH Cpela ¢ BOJHA Iperpaga € NpolOopLUOHAIHA Ha



3aKbCHEHUETO Ha KypIllyMa BbB BOJaTa, HO BIHsIEC UYpe3 KaBUTAITMOHHOTO
yucio (o) Ha 00pa3yBaHETO HA KABUTAI[MOHHA KyXWHA;

- BI'ed Ha cpema (§) — BrEJIBT HAa Ccpema C Iperpajara Ipu
CTOMHOCTH, TMO-MaJKM OT KPUTHUYHMS BI'bJ 3a JIBOMKaTa KypIIyM-
nperpaja, ch3/laBa yCIOBHs 3a PUKOIIET Ha Kypiryma. [lpu croifHOoCTH,
MO-TOJIEMH OT KPUTHUYHHS BI'bJI, KYPIIYMBT C€ 3a0MBa B Mperpajara uin
ce nedparmMeHTupa.

1.2.1.2. MexaHM4YHHU apaMeTPH.

MexaHu4YHUTE  TapaMeTpu,  OKa3Balld  BIUSHHAE  BBPXY
PHUKOIIIETHOTO JCHCTBUE Ha KypIlTyMa ca:

- MEXaHWYHa SKOCT — SKOCT Ha KypIIymMa - OIpeaess
HErOBOTO ChCTOSIHUE CJIe yaap B nperpanara. KypuryMmbT Moxke CHITHO /1a
ce aedopmupa, na ce aedparMeHTHpa WU Ja 3ama3d OTHOCHUTEIHO
HEMIPOMEHEHH CBOUTE T€OMETPUYHU pa3MEPH B 3aBUCUMOCT OT CBOUTE
MEXaHUYHH KayeCTBa,

- 1ehopMHUPYEMOCT — CBOMCTBO Ha KyplIyMa, KOETO
MO3BOJIsIBA MPOMSIHA Ha TEOMETPUYHHUTE MapamMeTpu Ha Kyplryma 0e3 na
HACTBIHU JAePparMeHTaIUs.

1.2.2. Bausinue HA MeXaHUYHHUTE CBOMCTBA HA CpelaTa BbPXY
PHUKOIIETHOTO JeliCTBHE HA KypIIIyMa.

MexaHUYHHTE CBOMCTBAa Ha cpejaTa, OKa3Ballld BIHMSHUE BBHPXY
PHUKOIICTHOTO JICHCTBUE HA KypITyMa ca:

- TBBPJIOCT;

- INTTHOCT;

- IpamnaBocT;

- KOC(UITUEHT Ha TPUECHE.

[lopagn KOMIUIEKCHOCTTA HA BB3IACUCTBUE HAa CBOWCTBaTa Ha
cpelara € aHaJIM3UPaHO PUKOIIETHOTO JACHCTBUE HA KYPIIYM B Pa3uyHU
BUJIOBE CPEJIU.

1.2.2.1. PuxoiueT B cpeia 0T MACHBHA JbPBeCHHA.

CroiiHOCTUTE Ha BI'bJa Ha PUKOIIETa B JbPBECMHA OOMKHOBEHO
ChOTBETCTBAT HAa PHKOIIET HA KypIlymMa OT IMOJATIMBU TMOBBPXHOCTH,
KBJICTO BI'BIBT HA PUKOIICT HA KypIITyMa € MO-BUCOK OT bI'bJIa Ha CPEIIIa.
[Ipu nocturane Ha KPUTHUYHHS BI'BJ KYPIIYMHTE MPOOWBAT IHPBCHHUTE
MOBBPXHOCTH WM ce 3abuBaT B TAX. ChIIECTBYBa BpB3KAa MEKITY
KPUTUYHUS BI'bJ HA KypIIyMa M TBBPAOCTTA Ha JbpBecHMHaTa. KoJkoTO
MO-TBBbpPJIa € JAbPBECHHATA, TOJKOBA TIO-TOJIIM € KPUTHYHHS BI'BIL.
[Tomyyenute siBieHus: OMxa MOTJIM Jla Bb3HUKHAT MOPaad KOMOMHUPAHUS
edekT Ha opMara, CKOPOCTTa Ha KypIllyMa U Hal-BaKHOTO, BapHAIIMHUTE
Ha CBOMCTBA HA IbPBECUHATA U YHUKATHU PEAKIIMU HA MMOBHPXHOCTTA TIPH
PUKOIIMPAHE HA KYPIITYMH.

Boenpekn paznuyHWTE CTOMHOCTH HA TBBPIOCTTA 33 BCEKH THII
TBPBECUHA, CTOMHOCTUTE HA KPUTUYHUS BrBJI Ca MHOTO OJIM3KH.
VYBenuuaBaHETO Ha CKOPOCTTA, eHeprusTa U ¢popmara Ha KyplUIyMUTE HE
OKa3Ba 3HAYUTEJIHO BIUSHUE BbPXY KPUTUYHUTE BIIIU HA KyPIIYMUTE TIPU
yaap Bbpxy 0opoBa abppBecuna. [100]
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1.2.2.2. Pukouier oT 6eTOH

beroHHHTE MOBBPXHOCTH MMAT pa3MYHA CTENEH Ha TpamaBoOCT,
IpU KOETO PHUKOLIETHATa MOBBPXHOCT M peakiusTa M Ha yAapu OT
KypiryMu ca (pakTopuTe, BIUSCIIM BHPXY PUKOIIETHOTO ICHCTBHE Ha
Kypmryma. Korato »reabT Ha HakJIOHA 3allO4yHE Ja ce MpuOIMKaBa 10
KPUTHUYHHUSA BI'BJI 32 CHOTBETHUS THUII MOBBPXHOCT, KypUIYMUTE 3arl04YBaT
na ce AepparMeHTHpaT U Ja ce Pa3AeNsIT PU3HULA OT ChPJCYHUK, KATO
CBhPJICYHUKBT HE CE€ Uynu Wwin nedopmupa.

He ce naOmiomaBa mepdopaius Wik JOpU caMo IMPOHHMKBAHE Ha
KypIIyMUTE, KOTaTo BI'bIBT HA HAKJIOHA JIOCTUTHE CTOMHOCTTa Ha
KPUTUYHUS BI'BJI 32 CHOTBETHaTa IMOBBPXHOCT, a KypIIYyMBT C€
(parmMeHTHpa 3HAYUTEITHO.

‘braute, nmpousBeneHu OT KypIIyMH, PUKOIIMpAIld OT OETOHHU
MOBBPXHOCTH M OCTOHHM TMpPoOM C pa3iuyHd TMOBHPXHOCTHU
TEeKCTypU/ChCTaBH, MOTAT J1a BapupaT 3HAUYMTEIHO. MalKuTe pa3ivKu B
MOBBPXHOCTHATA TEKCTypa M CHhCTaBa 3a JaJIeH HEMOJATINB MaTepual,
Karo OeTOH, Moratr Ja JOBeJaT A0 MHOTO Pa3lIWYHH TMOBHPXHOCTHU
peaKIMy pY pUKOIIUpaHe Ha Kypirym. [99]

1.2.2.3. Pukoier OT NOJUMEPHH IJIOYH.

Koraro 6pone0oeH KypuiyM yaapu HakJIOHEHa IUIo4a, TOM MOoXke /1a
ObJie OTKIOHEH OT aCUMETPUYHHUTE CHUJIM, KOUTO II€JITa YIPAKHSABA BbPXY
Kypiryma. ToBa e nobpe no3Har (peHOMEH, KOHUTO € U3CJIeIBaH MpHu yaap
Ha pa3jIMYHU METaJHMU Ielid ¢ OpoHEeOONHM KypluymMH. AHAJIU3bT Ha
SBJIGHUETO MO0Ka3Ba, Y€ aKo bI'bIbT HA MAJAaHE € O-MaIbK OT KPUTHUYHUS,
KypLIyMbT MOKE Ja PUKOIIMpa OT BCAKA METalHa LieJ, IPH YCIOBUE, Y€
[enTa € JoCTaThbuHo jAelena. MuleHuTe OT IUIEKCHUIJac YIpaskKHSBAT
Hal-CHJIHUTE aCUMETPUYHU CHJIM BBpPXYy OpoHeOoeH Kypirym. Bakuute
CBOWMCTBa Ha IIeNTa, KOWTO KOHTPOJHMPAT TMPOIECHUTE HA PHUKOMIET U
OTKJIOHEHHE Ca BHCOKAaTa SKOCT Ha HATUCK W HUCKATa SKOCT HAa OMbH Ha
nenta. Bucokara KpexkocT Ha IUIEKCUTIIaca € MpPUYHHATa 3a TOJIIMOTO
OTKJIOHCHHE.

B3aumopencTBueTo Ha KypIIyMH [OA BB C IUIOYA CE
XapaKkTepu3upa ¢ aCUMETPUYHU CUJTH, KOUTO C€ YIPaXKHSABAT OT IJIoYaTa,
OTKJIOHSIBAaWKM KyplIyMa OT IIbpBOHadajlHaTa My Tpaekrtopus. Ilpu
MpaBUJIHATa KOMOMHALIMA OT CKOPOCT Ha KyplUIyMa, CHJIa Ha LIeATa U bI'bJl
Ha aTaka, TE3W aCMMETPUYHU CWJIM MOraT Jla JOBeJaT IO PUKOIIET Ha
Kyplllyma, Ipe1oTBpaTsABaiky nepoparusira Ha 1enTa.

VYcTaHOBEHO €, Y€ HAKJIOHEHUTE IJICKCUTJIACOBH U EMOKCUIHU
IJIOYM YIpaXHSBAT CWJIHA acuMeTpuyHa cwia npu yzapsHe Ha 0,300
OponeboeH Kypurym. ToBa B3auMoOAEMCTBUE BOAM JI0 CUIIHO OTKJIOHEHHE
U OTKJIOHEHHE Ha KyplIyma, KOE€TO HE € JI0Ka3aHO OT JAPYTH HAKJIOHEHU
nenu (WM MeTaiu, Wid noaumep). [111]

1.2.2.4. Pukouier B NSICHK.

[Ipu yaap Ha Kypiyma B IACHK €HEprusita My ce pasceiiBa 3apaju
paspylliaBaHe Ha MSIChYHUTE 3bpPHA, CHIPOBOJICHO C HAOJIOJaBaHE Ha
MHOTO (UH OsAN Mpax, CIAeNCTBUE HA MyJBEpHU3AIMATa MPEeAU3BUKaHA OT
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kypmryma. I[lpuero e, ue 8% ot eHeprusita Ha Kypiiyma ce TyOu 3a
nyJBEpU3alMsiTa Ha YacCTUIUTE Ha IMSIChbKa NPU  XHUIEP3BYKOBO
npoHukBaHe. [lo Bpeme Ha KOMIpecupaHe Ha MsChbKa, TOYKaTa Ha
MPOBJIAYBAHETO CE CBBHP3BA C HAYAJIOTO Ha pa3pyllaBaHE HA YaCTHUIIUTE.
[Ipy npusioKEHO HATOBApBAaHE BBPXY IISIChKA, TOM MPOMEHS KaKTO
dbopmara, Taka ¥ cCBUBaeMoCTTa cu. [lopagu mpoMeHH B CTPYKTypHUTE Ha
3ppHATa 00eMbT HaMalsABa. ToBa ce IBbJDKM Ha CUIIMTE HA TPUEHE MEXY
YaCTUIIMTE HA MSACHKA BOJEHIM O Or'bBaHE WM ThpPKAJISHE HA 3bpHATa.
[Ipu yBennuaBaHe Ha HATOBAPBAHETO 3bPHATA CE CMAYKBaT.

3a BoJa M MACHK € YCTAaHOBEH BI'bJ Ha pUKOLIET, ¢ 0KOJI0 20% 10-
rojisiM OT bI'bjia Ha yJapa. AKO BI'bJIbT Ha KOHYyCa Ha BbpXa Ha Kyplryma
¢ mo-mMairbk oT 90°, KyplIIyMUTE CTaBaT MO-HECTAOMIHM M KPUTHUHUST
BI'BJI HAMaJsiBa. 3a TSChKA € YCTAHOBEHO M, Y€ C yBEIMYABAaHETO Ha
CKOpOCTTa KPUTHYECKUS bI'bJl HaMassiBa. [95]

1.2.2.5. Pukoiuer BbB BOJA.

Ot TeopusTa Ha yJapa B TEOpETUYHATA MEXaHUKAa € U3BECTHO, Y€
BCSIKO €JIaCTUYHO TsUI0, KOTaTo CpeIlHEe TBBbpJA Mperpaaa, ce oTpassina.
[Ipu ToBa BI'BIABT HA OTPAXKEHUE € MOUYTH BUHATU MO-TOJSIM OT BI'bJIa HA
nagane. [lono6Ho siBIeHue ce HaOMoAaBa U B cTpesidaTa Ha CHApSAIU KbM
3eMHa (BOAHA) MOBBbpXHOCT. Tyk o0aue mperpaaure HE ca TBBPIH,
Mopajyl KOETO M3BOJUTE OT TEOpHUSTA Ha yJlapa HE MOXKE Ja C€ IO0JI3Ba
HaITBJIHO.

~_ | ~—a
5

Queypa 1.1. Cxema Ha pukowema Ha Kypulyma om 600HA cpeoa.

P— —_— . o
1. vo¢ — cuna na conpomuenenue na 6ooama; 2 v, — ckopocm na Kypuyma, 3. Vg -
Pe3VIManmua CKopocm Ha Kypuyma; 4. Vo, - cuia na Conpomusnenue Ha 600ama,

S. Ve, - ckopocm na Kypuiyma, 6. Vg, - pesyimanmna ckopocm Ha Kypuiymas 1.

0 ;8 ;9
Vg, - CULA HA CoRpomueienue Ha 6ooama; 8 v, - ckopocm na Kypuyma, 9 Vg, -
Pe3VIMAumMHa CKOPOCM HA KyPULyMa.

Puxomerure 0T BogHa cpena ce pa3indaBar B 3aBUCUMOCT OT TOBA,
Janyd KypWIyMbT yAps BOJHATa NOBBPXHOCT M OTCKAada OT HEd WIH
HAaBJIM3a BB BOJHATA CPENA, CIIE KOETO U3JIN3a OT Hesl.

IIpr mepBHsS cilydall BI'BJIBT Ha OTPAKEHUE HA Kypliyma OT
BOJIHATAa TMOBBPXHOCT € MNPHUOJIM3UTENIHO PAaBeH Ha brbJla Ha Cpella.
Ilocokara Ha IBMKEHME HA KypIIyMa IIOYTH HE C€ IPOMEHS.

BbB BTOpHMS cCilydall BIBIBT Ha OTPAXEHUE, H3MEPEH CIIPAMO
BOJIHATa IOBBPXHOCT € IIO- I'OJIAM OT brbja Ha cpema. B momeHTa Ha
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yaapa Ha KypulymMa BBB BOJaTa CKOPOCTTa My HMa JIB€ ChCTaBALIU:
KpaiiHa CKOpPOCT Ha KypliymMa U, W OT CHJaTa Ha ChIPOTUBIEHHETO Ha
BozaTa Vg . CreioBaTeNIHO pe3yNTaHTHATa CKOPOCT € Ug_, TIOPAJH KOETO

KypiryMsT ce ABuxH oT T. C 10 T. C1. B 1. C1 ckopocTTa v uMa ChbIilo ABe
ChCTaBJISBAIM, KaTO V1 <U.. IIpu TOBa Mmono)eHue, KakTo ce BIXKIA U
OT (pUrypara, OCOKATa Ha CKOPOCTTA Ha KypUIyMa U  HENPEKbCHATO Ce
U3MEHS W C€ HacoyBa KbM IMOBBPXHOCTTAa Ha Bojara. MaBa MOMEHT,
KOraTo KypIIyMbT HallyCKa BojiaTa U c€ JBUXKU BbB Bb3yXa.

[Ipn nmpomMsiHa Ha BI'bjJa Ha CpEIllaHe MOXE Ja Ce U3MEHS OposT
(mporienta) Ha pukomrerute. [39][35]

1.3. AHAIM3 HA CBHUIECTBYBAIIMTE MOAEJM HA KYPUIYMH 32
HaMaJIeHO PUKOIIETHOTO JeiicTBHe NP Cpelia ¢ BOAHA MOBbPXHOCT.

1.3.1. CynepkaBuUTAIIHOHH 0OCTIPUIIACH.

Bboenpunacure 3a pa3IMyHu Cpeau, KOUTO Ca MPOEKTUPAHU B JBA
BapUaHTA!

- na OpJaT U3CTpEIBAaHM BBB BoAaTa OT IOBBPXHOCTTA WIIHU
Bb3/lyXa, KaTo MO TO3M HAa4YMH IO3BOJIABA HA CTpENIMTE OT Oopaa Ha
IJIaBaTEIHU ChAOBE, J1a y4acTBaT B 00H cpelly BOA0JIa3H Ha IPOTHUBHHUKA,
O€3NWIOTHU MOJBOJHU IPEBO3HU CPEACTBA WM MPEBO3HU CPEICTBA 32
TpaHCIIOPTUPAHE Ha MOJBOAHU ILTYBIIH.

- Ja ObIaT H3CTpENBaHM NOJ BOJA, 3a HEYTpaJIM3UpaHE Ha
MPOTUBHUKA, HAMUPAIIL C€ HAJ] TOBBPXHOCTTA.

[lopanu HerpaguiMoHHAaTa (GopMa M 3HAYUTENHATA Maca, Te3u
KypIIyMH TpeuiaraT TojiiMa CIIOCOOHOCT 3a TPOHHMKBAHE CpELLy
MHOTOCJIOWHH CTPYKTYpH U CHepruaHN (HOPMH.

Que. 1.2 Cynepkasumayuoner Kypuiym.

XapakTepucTukara Ha  OoempumacuTe,  JACKJIapHpaHa  OT
pa3pabOTUHUIINTE, € JINIICaTa Ha PUKOIICT IIPU HABJIM3aHE BBB BOJATA IO/
MOYTH BCSAKAKBB BI'BII, IO 2 Tpajayca B HECTIOKOWHA BOJa, 0 7 Tpaayca B
HOpMasHa Boja. KypmymbT Ha Ooemnpuriaca He Halmycka ITbpBOHAaYaIHATA
BB3JIyIIHA TPACKTOpHs TP HABIM3aHE BBHB BOJATA - CTPENICIBT TPsAOBa
camo Jia B3eMe TPEeIBU ONTHIHOTO NpeuyrBane.[79]

1.3.2. Boenpunacu ¢ KAaBUTHPAIl CbPAeYHUK.

KaBuTtupamure CbpJAeYHHUIIM MOTaT Ja CE€ W3MOJ3BaT C Hape3HO U
TJIAJIKOCTBOJTHO OPBKHE, WM3IMOJ3BAKM THJI3a M METaTeJICH 3apsj OT
cTaHaapTeH 6oenpurac. Te3u Ooenmpunacu ca mpeaHa3HauYeH! OCHOBHO 3a
nopassBaHe Ha IMOJBOJHU IIEJIM MPU CTpeada MoJa BOJA WIH OT Bb3IyXa
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kbM Bonarta. Ctpenba OT BB3AYIIHA cpela KbM I, HaMUpalla ce Moj
BOJ/IaTa MOJKE Jia C€ OCBIIECTBSIBA OT BCAKO CTAHAAPTHO OPBIKHUE.

W3uckBaHeT0 KbM KaBUTUPAIIUTE CBHPACYHUIIA € Ja HMar
YCTOMYMBO JABWKEHHUE BBHB BB3AYIIHA M BOJHA Cpena, KakTo W Ja
MPEMUHABAT YCTOMYMBO OT €IHaTa KbM Jipyrata cpeaa. CTaOuianu3upaHeTo
Ha TI0JIeTa Ha KaBUTHUPAI] ChPJCYHUK BBB BBH3JIyXa CE€ OCHINECTBIBA YpPe3
KBPMOBO CTa0WJIM3UpPaHEe TIOCPEICTBOM MHOTOJIONATKOB CTa0MIM3aTOpP 3a
HEBBPTALIUTE CHPACUYHUIIM, a TMpH CTaOWIM3UpaHEe uYpe3 BBPTCHE
CBPACYHUKBT TpsSOBa Ja MMa KOHYCHO-IWIIMHApW4YHa (opma 3a To-
roJsiMa JKHPOCKOITMYHA YCTOWIMBOCT.

HamansBaneTo Ha BI'bjla Ha BbpXa Ha KypllymMa HamalsBa
Koe(UIIMeHTa Ha KaBUTAIMOHHO CBIIPOTUBICHUE Cx M HMITYJICHOTO
HaTOBapBaHE IPHU BIM3aHETO Ha KypllyMa BbB BOJa. 3a Ch3JaBaHE Ha
KaBUTAI[MOHHA KaBepHa ¢ HEO0OXOJMMO CTOMHOCTTAa Ha BEJIMYWHATA Ha

KaBUTAIMUOHHUS IIaApaMEThp

1. d? 11

y (1)
na He ce mnpomensa. CrenoBaTeTHO IpPU HaMajsiBAHE Ha Cyx upe3
HaMaJsiBaHE Ha bI'bJla HA BbpXa Ha KyplIymMa TpsiOBa Ja ce yBEIUYH
JrMaMeThpa Ha HocoBaTa moBbpxHOCT 0. [Ipy BriiM Ha KOHYCHOCTTa IIO-
Majku oT 60° oOpa3yBaHETO Ha KaBUTAIlMOHHA KaBEpPHA C HEOOXOIUMUS
KOHTYp € HEHaJeXJHO. 3a ToBa MPU HEOOXOAUMOCT C€ JOMyCKa
U3II0JI3BAHETO HA TJIOCKA YeTTHA MOBBPXHOCT.

W = Cy.

¢ ‘.Hi

Queypa 1.3. Pasnuunu gudose KasumayuoHHUu CbpPOeyHUuyu.
a) svpmswu; 06) HebpMAUU

N3uckBaHusTa, NpeIsBsIBaHU KbM KAaBUTHPAIIUTE ChPJCYHUIIU ca
TWaMETpaIHO TMPOTUBOMONOKHU. Te TpsibBa 1a wumar ao00pu
aCpOJIMHAMUYHU M XUJPOJAVMHAMUYHU KadecTBa. AepOoJMHAMUYHUTE
KauectBa ce  JAe@uHUpAT  uype3  BbHINHATA  OaJUCTHKa, a
XUJPOJUHAMUYHUTE KadyecTBa — 4Upe3 XUJIpOoOaIMCTHKATA. 3a J1a uMaT
n00pu aepoIMHAMUYHU KAa4eCTBa, KypIIyMUTEe TPsIOBa 1a ObAaT C OCTHP
BPBbX U MaJlka OBDKMHA. 3a JA00puUTe XUAPOOATHCTUYHU KayecTBa Ce
M3HUCKBA ThI BPbHX, KOUTO A Ch3JaJ€ KaBUTALIMOHHA KyXHHA, TOJsMa
Maca Ha KypIryMma, 3a Jia C€ YBEJINYH JaIeKOOOMHOCTTA MO/ BOJa U /1a Ce
YBEJIUYU YETHOTO CHIIPOTUBIICHUE Cy .

OT Tropemnoco4eHOTO clieBa, Y€ 3a Jda TMOJy4uM J00pu
XUAPOOATUCTUYECKH XapaKTepUCTUKHW Ha KypIllyma, TOBa III€ BJIOIIH
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AepPOMHAMUYHUTE MY XapaKTEPUCTHKH, KOUTO OT CBOS CTPaHA BIIHSIST
Ha JAJIEKOOOWHOCTTA U TPYIUPAHOCTTA HA TIOTIAICHHSITA.
MN3Boan:

1. Ha 0a3a Ha W3BBPIICHUS aHAIA3 CE€ YCTAaHOBH, 4e (pakTopure,
OKa3BaIlll BIMSHUE BBHPXY PHUKOIICTHOTO ACHCTBHE Ha KypIlymMa BbHB
BOJIHA Cpela ca: YCKOPEHHMETO Ha Kypllyma IpU cpella C BOJHATA
MOBBPXHOCT, BI'bIBT, KOMUTO CE€ CKJIOUBA MEXKIY JONUpaTeaHaTa KbM
TpaeKTOpUATa Ha KypIIyMa M paBHHHATA Ha BOJIHATa IOBBPXHOCT B
MOMEHTA Ha cpellla C BOJHAaTa MOBLPXHOCT, (hpopMaTa Ha YeTHaTa 4yacT Ha
KypIIyma.

2. CpiiecTByBalllUTe KaBUTHpAIlM OO€MpHIacu, KOUTO ca
MpeaHa3HaYeHu 3a cTpenda KbM, OT M BBB BOJIHA Cpela MNpHTESKaBat
BJIOIIICHU OQJIMCTUYHU KaueCTBa BbB BB3IyIITHA Cpea.

3. Pasrmenanute XUapoOaTMCTHYHM MOACIA Ha OOCKTH C
pa3jiMyHa YeJiHa 4acT HE MO3BOJISIBAT Jla CE€ aHaJIu3Mpa M3MEHEHHETO Ha
TEXHUTE BHHITHO-0ATMCTUYHA ITapaMeTPH.

4. EmuH  OT BB3MOXHUTE HAYWHU 3a OTpaHUYABAaHETO Ha
PHUKOIIIETHOTO JIEUCTBHE Ha KyplllyMa OT BOAHA Cpeia U ChIIEBPEMEHHO C
MHUHMMajHa 3ary0a Ha KUHETMYHA CHEPrus BBB BB3JYIIHA Cpela ¢
pa3paboTBaHe Ha KypIIyM Ha CTaHJIApTeH Ooempumac ¢ mpepaboTeHa
YyeJIHa YacT.

I'maBa I MOIAEJUPAHE HA TIIPOLHECA HA
IMPOHUKBAHE U JIBUKEHHUE HA KYPIIYM C UBMEHEHA
TFEOMETPUSA HA YEJIHATA YACT BbB BOJAHA CPEJA

Cunute, ch3aaBaly IpuaoOUTaTa BIiI0Ba CKOPOCT U 3aBUCHMOCTTA
Ha TE3W CHJIM OT YCIIOBUSITA HA BIIM3aHE, 3aBUCAT OT opMara Ha BbpXa Ha
kypuyma. IloBedeto ¢opMu Ha BbpXa JaBaT Ha Kypliyma HMITYJIC
Harope, HO JOCTaThbYHO ThI BPHX MYy JaBa HUMIYJC HaAody. Thou
BBPXOBE PAJKO C€ U3MOJ3BAT MOpagud TOJSIMOTO CBHIPOTUBIICHUE,
CBBP3aHO C TSX, TaKa Y€ U3CJIC/IBAaHUSATA CE 3aHMMABAT C BBPXOBE C IIO-
¢buna popma. Thil kaTO BrIIOBaTa CKOPOCT, MPUAOOUTA TIPU YIap, 3aBUCH
oT (hopMara Ha BbpXa Ha KypIllymMa, KpUTUYHUSAT BbI'bJl HA HAKJIOH Bapupa
B 3aBHCUMOCT OT (bopMaTa Ha Hoca.

—
< CG\ J \ \
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Wmnync, Hacousaly Mmnync, Hacoupaly, besz anyné,

BbpXa Ha Kypluyma Bbpxa Ha Kypluyma HacouBall, Bbpxa Ha

Harope Hagony Kypwyma

Queypa 2.1 Cunu, 3a8ucewyys om yciosusma Ha 61U3aHe U 3asuceuyi om
Gdopmama na Kypuyma, cv3oasawu NPUOOOUMa v2108a CKOPOCMm
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Cunara Ha yJnapa Npeau3BUKBAa KakTO BHE3alHa MpOMsHA Ha
CKOpOCTTa IpPH yJap, Taka W bIJIOBa CKOPOCT OKOJIO XOPH3OHTAJIHA OC.
[IpomsiHaTa B TMHEHHATa CKOPOCT OYEBHMJIHO HE UTpae ChIIECTBEHA POJIs
IpU ONPEIEIASHETO Ha IMOCJIEIBAIOTO IMOBEJAECHHE, HO BHE3AMHOTO
BB3HUKBAHE Ha BIJIOBa CKOPOCT Kapa HOca Ja C€ MOBJAMIa, Onaiikara Ja
najia v onpeaests Jajiu nociaeaBaniara TpaeKTopus ce oOpbllia Harope Ui
HAJI0ITy.

[To TO31 HAYMH OTHOCUTEITHOTO KOJIMYECTBO YCUIIUE, KOETO TPpsiOBa
na ObJie OTAENEHO 3a OCHUIypsiBAaHE HA MPABUIHOTO JABUKEHUE BbHB
BB3/lyXa U MPaBWIHOTO JBWKEHUE BHB BOJIa, Bapupa B 3aBUCUMOCT OT
KOHKpETHATa YeJIHA YacT Ha KyplIyma.

2.1. Biusinue Ha ¢popMaTa Ha KypuiymMa npH JBHKEHUETO MY
BbB Bb3/1YIlIHA cpefa.

3a u3cienBaHe Ha MOCTaBEHUs NMpoOJeM e pasrienaHa opmara Ha
KyplIyMa, KOATO OKa3Ba ChIIECTBEHO BIUSHHE Ha CKOPOCTTa My Ha
JBIDKEHUE U € AeduHrpana ype3 koedulmeHTa Ha opMaTa Ha KyplIryma,
KOWTO € 00paTHO MPONOPIIMOHAJICH Ha OAIMCTUYECKUS KOSHUIIECHT.

O060061IeHnAT OamucTHYeH KoehuIueHT nMa Buja [92]

_ () (Pe

KbJIETO!
BC; - GanuctideH KOEYULMEHT, CIPAMO (PYHKIMATA Ha CHIPOTUBIICHUE

€ r99

J
{j - xoepuuuenT Ha (opMara Ha Kypliyma, COpsMO (YHKIHUATA Ha

CBIIPOTHUBIEHUE *“J”

j — cranmapthu ¢opmu Ha kypiryma ING, 1, 2, 5, 6, 7, 8 unu SP [92]

m - maca Ha Kypmryma [Kg]

d - pedepeHTeH AMaMeThp Ha Kypiryma [m]

p - JOKaJIHa IIIETHOCT Ha B3xyxa [kg/m3]

Po - CTaHAapTHA IUIBTHOCT HA BB3JyXa HA MOPCKOTO paBHuie (p, =1,3
kg/m?)

Kopekmusita Ha IUTBTHOCTTa Ha Bb3AyXa C€ M3MO0J3Ba 3a
U3YHUCIIIBAaHE Ha TPACKTOPHUHM HA pPa3jIMYHU BUCOYMHHU HaJ MOPCKOTO
paBHuUIe. AKO p = py OATUCTUYHUAT KOe(PHUIIMEHT 3a CTaHAapTHATa
IUTBTHOCT Ha BB3yXa Ha MOPCKOTO PaBHUINE HaMalsBa JI0 KiacHdecKara
dbopma:

m
ljdz

OOWKHOBEHO TIPOM3BOAUTEIUTE Ha OOWHM TpHUMAcH JaBaT
CTOMHOCTHTE Ha OaTUCTUYHUTE KOEe(DUIIMEHTH 3a COOCTBEHOTO CHU
npou3BoACTBO. [lopaan dupmeHa KOH(DUISHIIMAIHOCT HA TEXHUYECKaTa
uHpOpMaIlMsl HE C€ OTKpPUBAT B JOCTHITHUTE H3TOYHUIM KOHKPETHH
JaHHY 32 OATHCTUYHHN KOSPUITMEHT 3a KYPIIyMHU C U3pa0OTEHU paJuaiHu
KaHaJH. 3a Ja ce OMpeAeNaT ChbOTBETHUTE OATMCTUYHH XapaKTEPUCTUKH

BG = 22)
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Ha KypIIYMHUTE C MpoMeHeHa ¢opMa Ha OXHMBajlHATa 4acT CE Mpuiara
EMIIMPUYCH ITOAX0/, KONTO ce 0a3upa Ha Gpopmyinata: [53]

~0,0052834.x

C. =
VIO

(2.3)

KBJIETO:
V, - € ckopocTTa Ha Ha4aJIHOTO pa3ctosaue [m/s];

Vi, - € CKOpoCTTa Ha KpaHOTO pPa3CTOSHUE 32 CHOTBETHUS MOJEN
Kyputym [m/s];

X - € pa3CTOSTHHETO MEX/Iy JIBETE TOUYKH Ha n3MepBane [M].

Cnen 3aMecTBaHe Ha TMOJYYEHUTE U YCPEIHEHH CTOMHOCTH OT
U3MEpBaHUATA, CE€ MOJy4yaBa CTOMHOCTTa Ha OAIMCTUYHUS KOCPUIUEHT
B(; 3a xoHKpeTHHS KypuIyM. EKCIepuMEHTHT ce U3BBpILBA IIPU YCIOBUS
chriacHo MeTonuka 3a TPOBEXKIAHE Ha EKCIEPUMEHTAIHH CTpPEIOH.

[[Tpumoxenue 1].
Tabnuya 2.1 H3uucnenume b6anucmuynu Koepuyuenmu Ha mooenume
KYpUyMU, U3NOA36AHU 8 eKCNEPUMEHMUMe

Mogen Ha KypiryMa BC
dabprueH 0,39
Mopnen 1 0,35
Mopen 2 0,32
Mopnen 3 0,37
Monen 4 0,24
Mopen 5 0,21

Onpenensiiku OaqTUCTUYHUTE KOCPUUMEHTH Ha KypIIyMHUTE Ha
BCEKHU €MH OT MOJEJIUTE MOXKE /1a C€ U3YMCIU ChOTBETHUS KOS(DUIIMEHT

Orcronnie wa Kanata ot Wi 1A Kypay o] “ . 2 - 43 KUKATA OT BBPXa Ha KypEyMa [mm]
Que. 2.2 Uzmenenue na barucmuunume Koegpuyuenmu Ha Kyputymume ¢ eOut u 08d
PAaouanHu KaHana uspabomenu 8bpxy 0OHCUBAIHAMA YACH.

N3uncnenute 6amMCcTUIHN KOSHUIIMEHTH HA MOJEIUTE KypITyMH,
M3I0JI3BaHM B €KCTIICPUMEHTHTE ca Mokazanu B Taomuma 2.1.

[TocpencTBoM CTOMHOCTTa Ha OAJIUCTUYHUS KOSDUIIMEHT Ha
CTaHJAPTHHUS KyPIIYM MOXE J1a C€ U3UMUCIINA OAIMCTUYHMS KOSPUIIMECHT Ha
BCEKHU OTACJICH MOJIEN KYPIITyM.

Cenocrapsiiku rpadukaTa Ha GyHKIHMATA HAa 3aKOHA 3a MPOMsIHA Ha
OanuCTUYHUS KOSPUIIMEHT Ha KypIIyMUTE C €UH KaHal ¢ rpadukaTa Ha
dbyHKIMATa Ha 3aKOHA 3a MpPOMsHA Ha OaTUCTUYHMS KOSHUIIMEHT Ha
KypIIyMUTE C JBa KaHajla C€ yCTaHOBU, Y€ (YHKIUATA MO KOATO CE
U3MeHA OaluCTUYHUS KOe(QUIMEHT B 3aBHCHUMOCT OT H3Pa0OTEHUTE
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KaHAJIM BbPXY O’KMBAJIHATA MY YacCT € €HaKBa 32 KypIIyMH C €IUH U JBa
KaHaja, KaTo caMO KOC(UIIUEHTUTE Ca PA3INIHH.

2.2. PUKOLIIETHO JeiicTBHE HA KYpPIIyMa BbB BOJHA cpe/a.

2.2.1. Xuapo0aaucTHYHO MOoeTHPaHe HA MPoLecuTe BbB BOHA
cpena.

[Ipu cpema ¢ BogHaTa cpefa 4yeiaHaTa 4acT Ha KypuIyma Cb3/aBa
KyXyuHa C TpUOJU3UTETHO KOHMYHA (opMma, Taka 4ye caMO BBPXBT Ha
Kyplulyma € B KOHTaKT ¢ Bojara. ToBa mpoabikaBa, JOKaTO KypUIyMbT €
Ha HAKOJIKO JBJDKWUHU IOJ MOBBPXHOCTTA HA BOJHATA CPElla U IMpe3 TOBA
BpeMe KypIIyMbT € MOJJIOKEH Ha 3a0aBslia Cuiia, KOSITO UMa TeHICHIIMS
Jla HACOYM KypIlllyMa B MOCOKa HAJOJy, aKO KypIIYMBT € C BbpXa HaJ0Iy
KBM CBOSITa TPAEKTOPHS, U CJIEI0BATEIHO UMa TEHICHLHMS J1a MPEoIoee
I'bpBOHAYaIHATa Ch3JaJE€HATa IMPU YyJapa bIJIOBAa CKOPOCT Ha BbpXa
Harope. AKO BbpXbT Ha KyplIymMa HE C€ € OTKJIOHUJI OT TPAEKTOpHsITA CH,
CWJIaTa Ha CHIPOTUBJICHUE J00aBsl BBPTAILL MOMEHT KbM II'bPBOHAYAIHO
IPOU3BEJEHUS BIJIOB MOMEHT OT BB3XOJflla BIVIOBA CKOpocT. B
CJIEJICTBHE Ha TOBA 33JHAaTa YacT Ha KyplIyma IIe UMa ChbIPUKOCHOBEHHE
WIM C TOpHATa, WM C JIOJIHATA YacT HAa KyxXuHaTa. AKO yJapu ropHara
YacT Ha KyXMHaTa, KypIIyMbT L€ CE€ JBUKU O MPUOJIMU3UTEIIHO KPBIOBa
TPAeKTOpHUsl, U3BUTA HAJO0Jy. AKO yJapH AOJIHATA YacT Ha KyXHHaTa, 11
Ce JBMXKU IO TpaeKTopus, BIIbOHAaTa Harope. HakioHBT u bIiMTE Ha
TpaeKTOpHsITa MIPH BIIM3aHE, TOJIEMUHATA HA MMbPBOHAYAIIHO MPUA0OUTATA
BIJIOBA CKOPOCT U MOJYYEHOTO MO-KBbCHO BIVIOBO YCKOPEHHE, ONPEAEIIAT
IIOCOKaTa Ha OTKJIOHEHUE.

Cunnre, cb3aaBallld IpU yJapa BbB BOJIHATA MOBBPXHOCT BIJIOBA
CKOPOCT M 3aBUCHMOCTTa Ha TE€3M CHJIM OT YCIJIOBUSTA HA BIIN3aHE BBHB
BOJA, 3aBUCAT OT opMa Ha Bbpxa Ha Kypuryma. IloBeuero dopmu Ha
HOCa /1aBaT Ha KyplllyMa UMITYJIC Harope, HO JOCTaThYHO ThIIM HOCOBE MYy
JaBaT UMITYJIC HAJIOYy.

Twi kaTo BIVIOBaTa CKOPOCT, MPUIOOUTA MPU yAap, 3aBUCH OT
dbopmara Ha HOCA, KPUTHUYHHUAT BI'bJ HA HAKJIOH Bapupa B 3aBUCUMOCT OT
dbopmara Ha Hoca.

Nnentudunmpanero Ha Bb3HUKBAIUTE CUJIH, KOUTO BIUSIST BBPXY
JNBWKEHMETO  HAa  Kypllyma €  KOMIUIEKCHa  3aaada. llpm
XUAPOOATUCTUYHUTE SIBICHUS C HaW-rojisMa TMpakTHUecka Ccuia ca
WHEPLMOHHHTE, IPABUTALMOHHUTE U BUCKO3HUTE cwiM. [lopagu ToBa, ue
WHEPIUATAa BUHATUA € Ba)KHA B JMANa3oHa Ha CKOPOCTUTE, KOUTO TPsOBa
Jla ce€ B3eMar MpeABu, IPYyruTe CUIIM CE CPABHABAT C HEsl.

JIBMKEHMETO Ha KypUIyM B JIBE CPEU HE CIIEJIBA J1a CE€ pas3riexaa
caMo KaTo MEepUOJ] Ha JBWKEHUE BbB Bb3/lyXa U NEPUOJI HA IBUKEHUE BbB
BOJa, 4 € HEOOXOJUMO Jia ce pasriefa W MPexXoAbT MPU HABIU3aHE OT
BB3AYyX BbB Boja. [Ipe3 TO3u nepuoj ChlllecTBYBa peajiHa Bb3MOKHOCT 32
MEXaHUYHH MOBper Ha Kypuryma. OCBeH ToBa CHIIMTE Ha QuIyna, KOUTO
JECTBAaT HAa KypllymMa Mpe3 MNEPUOoJa Ha MpPexXoi, MOraT Ja Hakapar
Kypulyma Ja u3jie3e OT BOJara, a MPOMEHH PS3KO MOCOKaTa My WIIH J1a
U3JIe3€ U3BBH KOHTPOJ U J1a C€ OTKJIOHHU OT JK€JIaHATa TPAEKTOPHSL.
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Queypa 2.3. benu na amaxa, HAKIOHA U MPAEKMOPUSL.
a-bewvn na amaxa na kypuwyma [deg]; 0-beva na naknon na kypuyma [deg];
&-bewva Ha mpaekmopusima Ha Kypuyma, [deg]

BHCOKOCKOPOCTHOTO KaBUTAIIMOHHO JIBMKEHHE HAa KaBUTHPAIIHUST
KypIiyM BBB BOJa CE€ CBIPOBOXIAa C oOpa3yBaHETO HAa ECTECTBEHA
KaBepHa, pa3lInpsBaIla ce cJie] KaBUTHpalla W3/laTiHA B HOCOBATa 4acT,
U TIPOJBJDKABA IO TOraBa JOKATO pa3MEpHUTE HAa KaBepHATa MpEBUIIABAT
pasMepure Ha Kypmyma [47][48][49][50][51].

Havannute pasmepu Ha KaBepHaTa MHOTOKpPAaTHO IPEBUIIABAT
pa3MepuTe Ha KypliyMa. YCTOMYMBOCTTa Ha KypllymMa B KaBepHaTa ce
OCUTYpsIBa OT HEroBaTa 3aJ{Ha YacT 32 CMETKa Ha MEePUOIUYHOTO IIb3raHe
Ha TJMCHUpallaTa MOBbPXHOCT Ha KypllymMa B CTEHUTE Ha KaBepHaTa,
3apa KOETO HaW-TOJeMHST AMAMEThD Ha HANpPEYyHOTO CEYEHHE Ha
3aJlHaTa yacT oIpeeis Kanuobpa Ha KypuIyma.

AMITIUTYyZlaTa Ha BIVIOBUTE KOJICOAHMS HA KypIIyMa B KaBepHATa
3aBHCH OT Pa3CTOSHHETO MEXAYy HEroBara IJIHCHpalla TMOBBPXHOCT H
KOHTypa Ha KaBepHaTa, a TEXHHUYECKOTO pa3ceiiBaHe Ha MOABOJHATA
TPAeKTOPHS 3aBUCH OT ABJIOOYMHATA HAa WHEPIHUOHHOTO M3MECTBaHE Ha
rIMcUpaniaTa MOBBPXHOCT Ha KbpPMOBAaTa 4acT W HEHHATa reoMeTpus,
KOSITO OIpenaensi BeIWYMHATa HAa E€IHOCTPAHHOTO CBHIIPOTUBJICHHE MIPU
TJIMCUPAHE.

[Ipun nmpomsna/zary0a/ Ha odepTaHUsATa HAa KaBEepHATa B CpeaHATA
WIM TIpeJHaTa i 4act, KypluyMbT I'yOU YCTOMYUBOCT, MpeoOpbllia ce U ce
IBUKH 3a0aBUTETHO ChC CTPAHMYHATA CU MOBBPXHOCT HAIpes,.

3a mosyuyaBaHe HAa KaBepHA MPHU BIMTAHE HA KypIIyMma IOJI MaJIKH
BIJIM COPSIMO BOJIaTa, 3a MPEANOYMUTaHE € B UeJHaTa 4yacT Ha KypllyMma Ja
Obae M3paboTeH OKOJOBPHCTEH KaHal C Hall-MalbK JAMAMETHP PaBEH Ha
1,2-1,6 or ngmamerbpa Ha KaBUTAIlMOHHATa W3AaTWHA. T03W BapuaHT
MI03BOJISIBA MPHU BIIMTAHETO Ha KypIlyMa TOJ] MaJKH BIJIM BB BOJaTa J1a
Ce Ch3Aale BpeMEHHA KaBUTAI[MOHHA 30HA, a CJIeJl HABIU3aHETO Ha
KaBUTAllMOHHATA M3JaTHHA BHB BOJATAa KAaBUTAI[MOHHATa KaBEpHA IIE CE
Ch3/aBa OT u3gaTuHara. [48]
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2.2.2. MopaeaupaHe Ha MpoLeca HA BJAM3aHe HA KYpIIyMa BbB
BO/HA cpeja.

[Ipn HaBnM3aHe BHB BoJa 00pa3yBaHETO Ha KyXHHH 3aBUCH OT
XapaKTePUCTUKUTE Ha KyprryMuTe. OU3NUECKUTE CBOMCTBA Ha KypIIIyMa,
rasa ¥ TEYHOCTTA 3a€JHO YCTaHOBSBAT CUJIATa, KOSTO KOMOMHMpaHa C
TpaBUTALIMATA U WHEPLMSTA, ONpPEeNs BUa Ha HABJIM3aHE HAa KypliIyma
BBB BOJIHa cpena. Cuiara, yrnpakHsBaHAa OT BbpXa Ha KyplIyMa BBbpPXY
BOJIaTa, OTBAPsS KyXHMHA, KOSTO MPOJbIKaBa Ja ce paslIMpsiBa IO cUjiaTa
Ha cOOCTBEHATa CHM MHEPIMA, TOKAaTO rPaBUTAIMATAa HE HaKapa Bojara Jia
ce BbpHE B CBOETO PABHOBECHO IOJIOKEHHE Ha TOKOH. MexaHu3MmHTe,
BIMSCHIM BBPXY TMOBEJACHUETO Ha KyXHMHaTa, ca OWIM LIMPOKO
Ha0JII0JJaBaH!, HO HE Ca HAII'BJIHO ONMCAHU MaTEMATUYECKU.

®AKTOPU, KOUTO BNUAAT BLPXY ABJIEHUATA NPU HAB/IU3AHE HA BOOA

[

[ I I I 1

HAYAJTHU YCNIOBWA NPY
Bb3ENCTBUE HA BOLATA

CBOWICTBA HA TEYHOCTTA CBOVICTBA HA TA3A CBOWCTBA HA KYPLUIYMA PA3HU BINAHNA

H MABTHOCT ‘ MABTHOCT ‘ _’ PASMPENENEHME HA MPUNOKEHOTO BIBIBT MEKIY
NBTHOCTTA TPABUTALIMOHHO TPAEKTOPUAITA HA CG
RAHEMATUYER MO3MLMA HA CG none 11 NOBBLPXHOCTTA

KMHEMATUYEH
BUCKO3UTET

BUCKO3UTET

7 CTPAHHV EGEKTH B
SEALIFC APVITOWERO! CTOMHOCTU HA MONOKEHUE HA
CBMBAEMOCT HANAFAHE WNHEPLIMOHHM MOZLENUTE KYPLLYMA MPU
MOMEHTMU, OBIOA HAB/M3AHE
TEPMOAVNHAMWYHI MACA U IP.
y—‘HAI'IﬂI’AHE HA I'IAPVITE‘ CBOVICTBA ‘

HANPEKEHVE FEOMETPUYHA GOPMA
- 1 HECbBBPLLEHCTBA
AL, BbB ®OPMATA
HECBBLPLIEHCTBA B CHCTOAHVIE HA
TEYIMBOCTTA NOBBPXHOCTTA
TIOABPRAHE HA OB/TARHABARE V1
- CTPECAHA ALXE3VA

HANPEXEHWETO

1

IACTUYHU CBOMCTB,

|

PEJIAKCALIMA NO

e
PA3TBOPEHU — HANPEXEHUA N
JEGOPMALMM
obLWMn

[ECOPMALIAN HA
] OlbBAHE

Que. 2.4 Daxmopu, erusiewu 6bpxy A6IEHUAMA NPU HABTUZAHE HA KYPULYMA
68b6 8004

Kynon or cuBupHe Ha

npbCruTe
KopoHa or npbekm

i

MosbpxHo
5 cmo

¥ saTBapate

Coepa, nponuksaua
58 BoaHa cpesa

BepTukanu
notoun

JbnBoko

DQueypa 2.5. HAenenus npu nagiusane 68 600d.

SIByieHUsATa HAa HABJIM3aHE BHB BOJA TPAJAMIIMOHHO Ca Pa3/ICJICHU Ha
yeTupu hasu:
1. Ynap (Bw3neticTBue)
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2. ®opMupaHe HA MOTOKA
3. OTBOpEHa KyXHHA
4. 3aTBOpEeHa KyXrHa

Te3u (axTopu ca u3cienBaHU MOOTIACIHO, BHIPEKH Y€ HUTO €IHA
¢aza oT TpaeKTOpHsATa Ha KypIllyMa HE € He3aBUCUMa OT IPEIXOIHHTE.

Korato kypmymMmbsT mpu moJjieTa CM OT BB3AYyIIHA CpeAa yAapu
BOJIHa cpela, TOW Cbh3JaBa KyXHMHa, KOSTO pacTe M 10 BpEME Ha
nojABoAHaTa Tpaekropus. [IbpBOHayaslHO KyXuMHATa c€ pa3BUBA [0
HNOBBbPXHOCTTa Ha Bozarta. Ilocie KyxuHara craBa Mo-AbJira U MO-ThHKA
JI0KaTo Haii-HaKpasl c€ 3aTBaps WM KaTo MOBBPXHOCTTAa CE 3aTBapsl Haj
KyXWHAaTa, UM KyXHHATa CJIM3a HAJ0Jdy U C€ OTKbCBA B HSIKAKbB MOMEHT
nox noebpxHOcTTa. Cries 3aTBapsHETO KypUIyMBT IMPOJIBIDKABA Ja CE
JIBKY B OCTAHAJIaTa KyXMHA JI0KaTO KyXMHAaTa HE Ce pa3Mue BbB BOJATa.
Hagnu3aneTo BB BOJa € MOpeAuIia OT SIBJICHUS Clie]] KBa3H-CTAllMOHAPEH
BB3/yLIEH MOJIET.

JIuHeliHUTE W BIVIOBUTE CKOPOCTH HA KypIIyMa, YCTAaHOBEHHU IO
BpEMeE Ha Bb3AYLIHUS MOJET OKAa3BAT TOJSIMO BIIMSHUE HA SABJICHUSITA MIPU
HaBJIM3aHE BbB BOJHA CpEla, Thid KAaTO TE3H CKOPOCTH, ChUYETAaHU C
(u3HUEeCKUTE CBOMCTBA Ha KyplIyMa OINpPEAENSIT KaKTO HWHEpUUsATa Ha
KypIlIyMa, TaKa ¥ OPUEHTALMATA My 10 OTHOLIEHUE HA ITOBBPXHOCTTA HA
Boaara. OpueHTanMsaTa Ha KypllyMa CIpsMO IOBBPXHOCTTA HA BOJHATa
cpena ompenens crnenuduuHara (popma Ha KyplrymMa, KOSTO IIbpBa
KOHTaKTyBa C BoJaTa.

2.2.2.1. Ynap.

Y napbT HHULIMMPA KPATKOTPaiiHa BUCOKOCKOPOCTHA yAapHAa BbJIHA,
JBWKEIa C€ TMPHUOJU3UTEIHO ChC CKOPOCTTAa Ha 3ByKa BBB BOJaTa.
Cunata Ha yJapa € MHOTO rojisiMma U MOXe Ja NpuduHU aedopmaiuu Ha
KypIllyMa IpH HaBlM3aHe Ha Boja. KpaTkara npoabJKUTEIHOCT (4acT OT
MUJIMCEKYH/A) W3KJII0YBA CUJIHOTO M BJIMSHUE BBPXY IOCIEIBAIIUTE
XUAPOJAMHAMUYHM MOTOLM NPH 3aTBapsiHE HA KyXMHATA C HUCKA CKOPOCT.
CBuBaeMocTTa Ha QuynaHaTa cpeda OKa3Ba MallbK €QeKT BBPXY
JUHAMUYHOTO MOBEIEHHE Ha Kypuryma. M3BuBKaTa Ha oOBHMBKaTa Ha
KyXHHaTa He € (popMHpaHa OT BT HA OTIACIHUTE YACTHIIM, a MO-CKOPO
OT UHTETPUPAHUTE ITBTUIA HA MHOT'O YAaCTULIH.

Cnen ymap Ha KypiiymMa ce HaOdrofaBa JIeKO IIOKauBaHE Ha
MTOBBPXHOCTTA HA TEYHOCTTA OTBBJI KOPOHATA OT MPBCKH, KOETO CE ABIIKHU
Ha BXOJIHATa y/J1apHa BbJIHA.

2.2.2.2. ®opMuUpaHe HA MOTOK

HenocpenctBeHo ciieq yaapa BojaTa ce 3aJBHXKBa OT Kypllyma U
3aroyga Mpoliec Ha oOpa3yBaHe Ha IOTOK, 10 BpEME Ha KOMTO HaJISITaHETO
Ha (aynaa BbpPXY KyplIymMa € 3HAYUTEIHO IO-HUCKO, OTKOJKOTO B
npoueca Ha yJapa, HO 3HAQUUTEIHO MO-TOJISIMO OT peXUMa Ha KbCHMUS
KBa3u-cTaOWwieH NOTOK. To3u pexum Ha ¢GopMupaHe Ha IOTOLHU €
M3KJIFOUUTEIIHO CJIO’KEH U HE € OMMCAH BCE OLLE B JINTEPATYpaTa.
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Crnen ymapa Bojata u3TH4a OT KypIllyMa M 3aroy4Ba Ja ce oopa3ysa
KyxuHa. HamokpeHaTa moBBPXHOCT Ha KypIIIyMa c€ yBEeIU4aBa, T0KaTo Ce
YCTAaHOBHM OTHOCUTEITHO CTAOWIIHA JTMHUS Ha Pa3feiisTHe Ha KyXUHUTE.

Tasu pazngenurenHa JUHUS MOXe Ja ObJE PSA3KO OTKpOsBAIa Ce,
HEpaBHOMEpHa, JnedopMupaHa uiau Kojiedaema ce, KOETO BOIU IO
MosiBaTa CHOTBETHO Ha SICHU, HESICHU, HEMPABWIHH WM W3KPUBEHU
KyXHHH.

HepaBHOMEpHOTO pasnmensHe € CBBpP3aHO C HECTaOMIIHOTO
MOBEJICHNWE Ha TpaekTopusaTa. Korato KypIiymbT € ¢ IIajka, OIMpOCTeHA
KOHUTypanwsi, QIyHIHUAT MOTOK MOYTH CHOTBETCTBA Ha QopmaTa Ha
KypIllyMa U caMO ThHBK CJIOM ra3 OTAels KypiryMa oT BojaTa. [loHskora
TO3U Ta3oB (UJIM C€ U3MECTBa OT BOJA, KOETO M3KPUBSABA JIMHUATA Ha
OTJIEJISTHE HA KyXUHHU. AKO KypUIyMbT UMa ThII BPbX C€ Ch3/aBaT rojieMu
pPa3CTOSHUSA MEXAY KypIlyMa W KyxXuHaTa, ¢ SCHa W psA3Ka pa3ieiuTeTHa
JUHUSL.

ITo Bpeme Ha (pazata Ha 0Opa3yBaHe HA MOTOKA CE€ U3BBPIIIBA TOJISM
oOMeH Ha eHeprus. [I[pomsHaTa B BIIIOBaTa CKOPOCT (KaMIITKK) CE CITy4Ba,
KOraToO pe3yJITAHTHaTa KOMIIOHEHTAa Ha XUApOJWHAMUYHATA CHIIA,
MPWIOKEHA BBPXY HOCA Ha KypIIyMa HE TMpPEeMHUHE Mpe3 IEHThpa Ha
MacuTte Ha Kypiryma. KaMIIMKBT CbhIIO BB3HUKBA M OT SIBICHUETO
MO/THAJIATAHE.

XuapoauHaMUYeH KaMIIMK BB3HUKBA TPHU KOCO BIIM3aHE Ha
KyplllyMa BbB BOJIHA Cpe/ia, Thi KaTO IbPBO KOHTAKTyBa JIOJIHATA CTpaHa
Ha Kypmyma. XHUAPOJAUMHAMHYHOTO HaJAraHe € [0 HopMaiara Ha
MOBBPXHOCTTA Ha KypIlIyMa, KOSTO CE€ HamMupa IMOJ] MOBBPXHOCTTA Ha
BOJIaTa W MOJy4YeHaTa CUJia Ch3aBa MOMEHT OKOJIO IIEHThpPa Ha TEXKECTTa
Ha Kyprryma. KaMImukbsT OT TO3W MOMEHT Ch3/aBa IJIOCKa 30HA MOJ HOCa
Ha KypliymMa W HM3IbKHAjJa KaTo MOJyKBIOO Harope. Korato HOCHT Ha
KypIIyMa Biie3¢ IEIHSIT BbB BOJIaTa, MOMEHTHT Ha HAKJIAHSHE OT Ta3H
CHUJIa, Ch3MIaJieHa OT XUAPOJMHAMUIHOTO HAJIATAHE CTaBa HyJa.

3a0aBAHETO HA OTIEISHETO Ch3/laBa BB3MOXKHOCT 3a e(eKT Ha
MOTHCKaHe, KOraTo pa3CTOSHUETO MEXKIy KypiiymMa W CTeHaTa Ha
KyXHHaTa CTaHe TOJKOBA MAJKO, Y€ BOJATa OTBEXJa raza HaMHpar ce B
CJIOSI MEXKTy KyplllyMa U KyXWHATa MO-0bpP30, OTKOJIKOTO MOXE Ja OBjae
3aMEHEH OT Ta3a B KyXHHaTa. TakuBa MaJK{ Pa3CTOSHUS ce o0pa3yBaT
npu 00TEKaeMo TS0, HO MOTaT Ja BBb3HUKHAT U MPHU yJap MPHU MAJKH
HAKJIOHHU, KOTAaTO KypIIyMbT € OPUCHTHUPAH aCUMETPUIHO B KyXHUHATA.

2.2.2.3. OTBOpeHaTa KyxXuHa.

[Ip1HO MaTEeMaTHYECKO OMHMCAHWE HA MPEXOJHOTO MOBEICHUE MPHU
BJIM3aHE Ha BOJa B KyXHHaTa BCe OIlle He ¢ Haau4Ho. [128]

[To Bpeme Ha Tperara WM OTBOpeHaTa ¢a3a Ha BIM3aHE BBHB BOJA
KyXHHaTa OCTaBa OTBOpPEHa KbM aTrMocdepara Ha TOBBPXHOCTTAa U Ce
yABIDKaBa, JOKATO KYpPIIYMBT CE€ JIBIDKM IO TpaeKTopuara cu. ['a3pr
BJIM3a OTTOpE, 3a Jia Ce 3allbJIHA KyXHHATa 3aJ KypIlIyMa, KOETO BOAH 0
cMecBaHe Ha aTrMmochepHHs BB3AyX ¢ BoaHu mapu. lllupuHara Ha
KyXHHaTa Ce€ OMpeJeNsi OT CKOPOCTTa, C KOSITO EHEeprusiTa ce mpeaaBa Ha
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BOJIaTa, KaTO MO-ITUPOKAaTa KyXWHA CE€ CBBhpP3BA C MO-TOJSIMO BHACSHE Ha
eHeprusa. PacTexxXbT Ha KyXWHATa C€ OMNpeAeNss OCHOBHO OT ¢dopMmara u
CKOPOCTTa Ha KypIIyMa, OT IThTHOCTTA M HAISITAHETO HAa aTMoc(epHUs
ra3 U OT TOJIO)KCHHETO Ha KypiiymMa B KyxuHaTa. [loOBBpXHOCTHOTO
Halpe)XKeHUE Ha TEYHOCTTA, BHCKO3UTETHT HA TEYHOCTTa M Ta3a M
ChCTOSIHHETO Ha TIOBBPXHOCTTA HAa KypioymMa OOWKHOBEHO ca OT
BTOPOCTEIEHHO 3HAaYCHUE.

OpueHTanusaTa Ha KyplIyMa B KyXuHaTa BiMs€e BbpXy (popmara Ha
TpaekTtopusita. [IpaBa TpaekTopus, cOMMKaBallla MPOABIKABAHETO Ha
TPAeKTOPUSITA OT Bb3yXa, Bb3HUKBA KOraTo KypUIYMbT C€ JABHXXH, KaTO
KOHTaKTyBa C BOJlaTa CaMO C HOCAa CU WM 3aJlHUS MY Kpaill ocuuiupa
MEXIy TOpHaTa U JO0JHATa MOBbPXHOCT HA KyXHWHATa. AKO 3aHUAT Kpai
OCTaHE B KOHTAKT CaMO C FOpHATa WM CaMO C JIOJIHATA YacT Ha KyXHHaTa
ce ToJTy4yaBa M3BUTA TPACKTOPHUS (MU TMypKaHE HAIO0JTy, WIH W3JIA3aHE
Harope).

2.2.2.4. 3aTBapsiHe HA KyXUHHTe.

3aTBapsiHE Ha KyXHWHATa MOXKE Jla C€ TOJyYHd Ha MOBBPXHOCTTA, Ha
HSKOSI TOYKA TI0-HAJOJIy WU W JBeTe. XapaKTephT Ha 3aTBAPSHETO CE
ompenens OT YCIOBHTA 3a U3CTPEIBAaHE U OT (PU3MUECKUTE CBOWCTBA HA
KyplllyMa, TEYHOCTTa M Ta3a. 3aTBApSHETO TMpeKparsBa IOTOKAa Ha
aTMoc(epeH Bb3AyX B KyXHHaTa, BHIIPEKH Y€ € Bb3MOXKHO MHEPIUATA Ha
bayunHus TOTOK Ja JOBEAE JO JIGKO YrojieMsiBaHEe Ha KyXuHaTa CJej
3aTBapsHeE.

VYcnoBusita, KOUTO OMPENEIAT 3aTBAPSIHETO HA TBIOOKUTE KyXWHU
ca WHepHHsATa Ha BoJaTra W TpaBUTarmsaTa. WMmynceT, mpemaneH oOT
KyplllyMa Ha BoOJlaTa Kapa KyXWHAaTa Ja C€ OTBOPHU. XHUIpOCTaTUYHATA
CUa BBbpPXY KyXWHATa M TOBBPXHOCTHOTO HAMpEXEHUE Ha TEYHOCTTA,
JIeHCTBaIA B CTCHUTE Ha KyXWHATa ca CKJIOHHHU Ja 3aTBapsT KyXWHaTa.
KoraTto cuiaute Ha 3aTBapsHE CTaHAT JIOMUHUpAINHA, KyXWHATa IIC
3all0OYHE Jla CE€ CTEeCHsBa, Ja oOpa3yBa INWHKa W Hail-HaKpas Ja ce
3aTBOPH.

[To-cTO)XKHOTO sIBJICHME Ha 3aTBapsHe Ha IMOBBPXHOCTTa Ce€
HaOmrogaBa, 6e3 Jga Moxke na Obae oOsicHeHo m3uepmarenHo. CuiaoBaTa
CHUCTEMa Ha BXOJ[a HA KyXWHATa Bb3HUKBA KaKTO OT BOJHHUTE, TaKa M OT
ra3oBUTE MOTOIM. B KaBUTAalMOHHATa KyXWHA 3apajd HAMUPAIIUTE CE B
Hes BOJIHM MAacH MOXE Ja BB3HMKHE ToJiiMa XWUJIPOJWHAMUYHA CHUJIA.
XUapoaIMHAMAYHUTE CHJIA B PA3MPbCKBAHETO Ca MAJIKH, 3al0TO y4acTBa
Manko Boja. [IpbckaneTro obadue He MOXKe J1a ObJie MpeHEOPErBaHO, Thid
KaTo 1O TO3W HAUWH BJIMSiC 3HAYUTEIIHO HAa Ta30BUSA MOTOK B KyXHHATA.
Taka Tpu OTHENHM TMOTOKAa - BXOJ Ha KyXWHaTa, NPbCKU M Tra3
B3aMMOJICCTBAT 3a J1a MPEAN3BUKAT 3aTBAPSHE HAa KyXUHATA.

OCHOBHUSAT XUAPOJMHAMUYEH MOTOK B KaBUTAllMOHHATA KyXWHA
I'bPBOHAYATHO € HACOYEH HaBbH, KOraTo BOJaTa Tede Jajied OT yaapa.
ToraBa MOBHPXHOCTHOTO HANPEKEHHUE HA TEUHOCTTA U XUAPOCTATUUHUTE
CWJIM 3a€JTHO 11I€ CE€ CTPEMSIT J1a Bb3CTAHOBSAT HAPYIIEHATa MOBBPXHOCT JI0
HOPMAJTHOTO M CHCTOSIHME HA MOKOW. CHJINTE HA HalsTaHe Ch3AaJCHHA OT
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WHEpLHUsATAa Ha NMOTOKA HAa ra3a, KOWTO HaBiIM3a B KyXHWHATa, Ch31aBar
o0JacT ¢ HUCKO HajsraHe OT JOJHaTa cTpaHa Ha BXoja Ha KyxuHara. [lo-
BHCOKOTO aTMoc(hepHO HaJsiraHe, JEHCTBAIIO OTrope, Kapa KyXuHaTa /a
CE 3aTBOPHU.

['a30BHAT DOTOK NPOM3BEXKIA HAIATAHE, MNPONOPLUOHAIHO HA
atmMoc(epHata rurbTHOcT. (Cren  TOBa  KaBUTAIlMOHHATa  KyXHMHA
IIPOJBIIKABA J1a CE Pa3LIUPSIBA, TOKATO XUAPOCTATUYHUTE CHUJIU U CUIIUTE
Ha IOBBPXHOCTHO HAIpPEKEHWE HE BB3CTAHOBAT IOBBPXHOCTTA [0
HOPMAJHOTO M ChCTOsIHME Ha MOKOM. [Ipu Te3u obcTosTencTBa pacTexbT
Ha KyXHHaTa ce MpeKpaTsBa upe3 IbI00KO 3aTBapsHE.

Han mnoBbpxHOCTTa OBpP30 ce m3aura npbecreH OT mpbcku. C
TEYEHUE Ha BPEMETO IPBCKAHETO I1aJa Ha3ald, YIUIbTHIBA CE€ KbM
OCHOBATa M CWJIMTE Ha HAIPEKEHUE JIEUCTBAT, 3a J1a 3aTBOPAT KyXUHATa.
Ha wu3BecTHa BucCOuMHa OOBHMBKaTa c€ 3aTBapsl HAbJIHO M 00pa3yBa
kynos. Ilo-rope cuianTe Ha MOBBPXHOCTHOTO HANpPEKEHHE OQOPMSIT
OCTaHaJIus BOJEH NPBCTEH B KPbI OT Kamuuiu. KyImomabT, 3aTBapsin
KyXUHaTa, HE € YCTOMYMB M MOXe€ Ja ObJie pa3pyllieH OT MOTOKa ras B
KyXMHaTa WIA MOXeE Jla Ce pa3Hece OT CTpysTa, oOpa3yBaHa oOT
3aTBapsHETO HA ,yCTHUTE Ha KyxuHara. HempaBuiHaTa MOBBPXHOCT Ha
oOBHMBKaTa 3a MpPbCKAaHE CJEJl BEPTUKAJIHO BJIM3aHE TIIOKa3Ba, 4e
IPBCKAHETO € C IPOMEHJIMBA JIeOenHA.

KocoTo BiM3aHe 1o CBOSITA CHIIHOCT IPEIU3BUKBA ACUMETPUYHO
u3npbeckBaHe. [lo mpuHOUMD 3aTBApsSHETO HAa IOBBPXHOCTTA ClE/IBA
JbJIOOKO 3aTBapsiHE MO0 BpEMe Ha TaKWBa HAaBJIM3aHUs BbB BOJHATA CPEJa.

MHOroOpoiiHN CHJIM BIUSAAT BbPXY 3aTBApSIHETO HA MOBBPXHOCTTA
U 3arpynHABaT mojenupaHero. Cpex Te3d CWIM ca HNOBBPXHOCTHOTO
HAalpe)XEHWE, BHUCKO3UTETHT HA  TEYHOCTTA, BUCKO3UTETHT  Ha
aTMOC(epHHs Ta3, AAXE3UBHUTE CUJIM MEXIYy KypllyMa M TEYHOCTTa
(ompenens ce OT ChbCTOSIHUETO Ha MOBBPXHOCTTA HA KypIIyMa), Ta30BUTE
A/lpa B TEUHOCTTA U YUCTOTATa HA MMOBBPXHOCTTA HA TEYHOCTTA.

IIpn 3arBapsiHe Ha KyXWHaTa CE€ MPOU3BEKIAT BOAHU CTPyH
HACOYEHM Harope Wid Haaody. Be3xomsmmre crpyu, oOpasyBaHH MpHU
I'BJIOOKO 3aTBapsiHE Ha KyXMHATa ca MOYTH WA TOYHO BEPTUKAIHH, JOPU
Y 32 HEBEPTUKAJIHM BIIM3aHMS, 3aI0TO U3XOIAIIATA CTPYsS C€ MPHUYMHSABA
OT cONbCKBaHE Ha BOJHM Macu NpHU ABIOOKO 3aTBapsiHE B pe3yJTaT Ha
BB3CTAHOBSBALIOTO JCHCTBHE HAa XUAPOCTAaTUYHOTO HajsraHe. llopamu
Ta3u TNPUYMHA BB3XOJAIIM CTPyH He ce oOpa3dyBaT NpHU HAKIOHEHO
BJIM3aHE MOJ MalbK brbi. CHycKalluTe ce CTPyH C€ MOSBSABAT IPHU
3aTBapsiHE Ha KyXMHATa U Ha MOBBPXHOCTTA U B ABJIOOUYHHA.

2.2.2.5. 3aTBOpEeHa KyXHHA.

Kpaiinute npexoHu eeKTH OT HaBIM3aHETO Ha BOJA CE MOSBABAT
10 BpeMe Ha (pa3aTa Ha 3aTBOpEHATa KyXHWHA, KOraTo CUCTEMara KypIryM-
KyXMHa He € B IpsAK KOHTAaKT ¢ armocdepara. KyxmHata OaBHO ce
HaMaJIsiBa, J0KATO HE C€ Pa3NpPbCHE U3LSUIO OT YBIMYAILOTO ACHCTBUE HA
BOJaTa WM JOKAaTO HE C€ H3IUIb3HE OT KypuiyMa. BHe3anmHoTO
ACUMETPUYHO H3XBBPJSHE IOHSKOTa NpPHYMHABA TIPyOM IPOMEHU B
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MOCOKaTa Ha JBWIKEHUE Ha Kyproryma. YerBbprata (aza NMPHUKIIOYBA C
M34e3BaHETO HA KyxuHaTa. ToraBa B3HHKBAT HAITBIHO OMOKPEHHTE WJTU
YUCTO KaBUTHPAIIX IIOTOIM, KOWUTO OOWKHOBEHO C€ cpemar B
XUApOANHAMHUKATa. B pemku ciiydam He HAcThIIBa 4eTBBpTara ¢aza Ha
HaBiM3aHe Ha Boja. KypmrymbT Moke aa mpoOue, JAOKaTo BCE OIIe €
OOBHT B KyXWHA WJIM OTBOPEHATa KyXHHA MOKE BHE3aITHO J1a C€ OT/ACIN OT
KypIllyMa CKOpO clie[] HeWHOTO (hopMHUpaHe, MPUUMHABANKNA 3HAYUTEITHA
IpoMsiHA B TPAeKTOpUATa Ha KypiayMma. [128]

Peaknusita Ha BojaTa U 3aKbCHUTEIHOTO YCKOPEHHE 3aBUCAT OT
yCIOBUSTA Ha HaBIW3aHE Ha Boja W OT (Gopmata U JUHAMUYHUTE
napameTpu Ha KyplIyMa.

KpaiiHata Tpaektopusi Ha KypilyMm, IpeMHHaBall Mpe3 Boja, ce
BJMSIC 3HAYMTEIHO OT HEHHOTO TMOBEJCHHE B e€Talma Ha KyXUHa.
KammuksTr, A0, mpoMsiHaTa B CKOpPOCTTa Ha HAaKJIOHA Ha KypIIyMma,
JIOKaTO BBPXHT HAa HOCA HABIW3a BBB BOjaTa, MOXKE Jla CE IBDKA Ha
CWJIHHS yJap MpY BOJACH yAap W Ha CHIIMTE, CBBP3aHU C YCTAHOBSIBAHETO
Ha TIOTOK.

JlBa oTmenmHW MeXaHW3Ma JOMPUHACAT 32 KaMIIIMK IO BpEeMeE Ha
HaKJIIOHEHO Biu3aHe. [lo-BaXHUAT € pe3yaTaT OT TOBa, Y€ AOJHATA 4acT
Ha HOCA C€ HaMOKPHU MbPBO, KOETO BOJU JI0 HEOATaHCUPAHU CUJIH, KOUTO
MOXKe J1a ca jgocta rojemu. CHiMTe UIBAT HE CaMO OT HaJSTaHETO Ha
TEYHOCTTA, HO U OT MOHMKEHOTO HAJSITaHEe B HOCHATa KyxwHa (e(eKT Ha
noaHansrane). Taka onpeneneHusIT MOMEHT, npuiioxkeH Bbpxy CG Boau
70 TIPOMSTHA B CKOPOCTTa Ha TEPEHA, U3BECTHA KAaTO KaMiuK. [[pyrusr
MEXaHU3bM 3a MPOM3BOJCTBO HA KAMIIMK BB3HUKBA, KOTATO KYpPIIYMBT
HaBJe3e BHB BoJaTa C BB Ha araka, o. loraBa CWIHTE Ha
CBHIPOTUBIICHUE, TPOM3BEKIAINIM TPOMSHATAa B aKCHAJIHaTa CKOPOCT,
TOTPUHACAT 3a yJ1apeH MOMEHT okoJio CG.

KaMmuKbT € JNMHEHHO 3aBUCHMM OT CKOPOCTTA HAa HABJIM3aHE Ha
BOJIATa, V, Thil KATO CUJINTE BHPXY IJIaBaTa ca IPOIOPLUOHAIHU HA V2, U
Ha BPEMETO, NPEe3 KOETO Te3U CHIIM ca HeballaHCUpaHU (JIeWCTBAIA CaMO
Ha JIOJIHaTa CTpaHa Ha rijasara) Bapupa karo 1/v . Ilo To3u HauuH
MMITYJICHT III€ Bapupa KaTo V. 3a riaBu c¢be chepuyHa popma (ipu MaIKu
BITIM HAa aTaka) TpsiOBa Ja MMa JMHEIHA 3aBUCMMOCT Ha KaMIllMKa OT
BrbJla Ha aTaka. M3umMcisBaHETO Ha KaMIMKa W3MCKBA IMO3HABaHE Ha
MOMEHTHOTO pa3lpee/iCHNe Ha HAIATaHETO HaJl HOCAa Ha KypIIyMa I10
BpeMe Ha HaBJIM3aHE Ha BOJa; B MOMEHTA HsMa JJaHHHM 3a ToBa. [128]

Crnen ymapa Ha BojaTa W YCTAHOBSBAHETO HA TMOTOK, KyPIIYMBT
OOMKHOBEHO M3MHHABA HAKOJIKO TBJDKWHU MO MOBBPXHOCTTA HA BOjaTa
caMO ¢ Hoca CM B KOHTakT ¢ Bojarta. [Ipe3 ToBa Bpeme cuiata Ha
ChIPOTUBIIEHWE OOMKHOBeHO He neiictBa mpe3 CG; MOMEHTHT, B
3aBUCUMOCT OT KOH(urypamusTa Ha rjaBara M pa3Mepa Ha br'bja Ha
aTaka, € HAaCOYeH KbM YBeJIMYaBaHE WJIM HaMmalsiBaHE Ha HaAKJIOHA Ha
KypiiymMa. [lo To3u HauMH BIIOBOTO YCKOPEHHE, NPOU3BEACHO OT

MOMCHTaA Ha CBIIPOTHUBIICHUC, UJIN I[O68.BSI, UJIN CE€ U3BAXKIAa OT KaMIIIHNKaA.
[128]
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[Ipn nBMKEHHETO HAa KypllymMa OT MOMEHTa Ha CpellaHe Ha
BOJIHATa IIPErpajia ca Bb3MOXKHU JIBa CIydasi:

- KypUIYMBT MPOJIBbJKaBa JBIKEHUETO CH BBB BOJAaTa U TOJ
JICIiCTBHE HA CUJIUTE HA peaklys Ha cpelaTa BbpXY OXKMBaJIHATa My 4acT
HaIycKa BOJHATa MOBBPXHOCT M U3BBPIIBA PUKOIIETHO ACHCTBHE.

- yBEIMYaBaHETO Ha CHJIMTE Ha TPHEHE BBB BOJAaTa B
CIIEZICTBUE Ha M3MEHEHHUE XHMJPOAMHAMUYHUTE MapaMeTpu Ha cpenarta B
pe3yaTaT Ha HaBJIM3aHETO Ha YeJHATa 4acT Ha KypIlllymMa U Bb3HUKBaHE Ha
TypOOJIGHTHH TOTOIM BOJM 10 TOBa, Y€ KypPUIYMBT MMa 3aKbCHHUTEIHO
yckopenue. IIpu ToBa 3HaUMTENHO ce HaMalsiBa €HEeprusiTa Ha Kypluiyma u
TS HE € JOCTarb4yHa CHIIMAT Ja ObJe H3TIAaCKaH B IOCOKAa KbM
NOBBPXHOCTTAa Ha BOJHATa Cpela, MpU KOETO JIBKEHUETO My
IpoAbJKaBa 0] BOJHATa MOBbPXHOCT.

Hamrara 3amaua e na u3cieaBaMme N3MEHEHUETO Ha YCKOPEHUETO Ha
KypIIyMa Clief] Cpela ¢ BOJHATa MOBBPXHOCT U Jla YCTAHOBUM IPU KaKBU
HETOBU CTOMHOCTH KYyPIIyMBT HSIMa Ja W3BBPIIA PUKOIIETHO JCHCTBHE.
3a Ta3u LeN HEKa pas3riiefaMe KUHEeMaTuKara Ha XuApoOaaucTUYHaTa
3ajJa4ya 3a M3CJIEJIBaHE Ha MpoIleca Ha JABMKCHHETO Ha KypIilyma IOA
BOJ/IHAaTa IOBBPXHOCT.

W3non3Bailku NpUHIUMIUTE HAa MEXaHMKaTa HEKa IpUEMEM, 4e
JBMKEHUETO Ha KypIIyMa C€ M3BBPILIBA B MPABOBI'bJIHATA KOOPAUHATHA
CUCTEeMa W MpEeJICTaBUM KypllymMa KaTo MaTepuajHa TOodka, TO TOBa
JBUKEHHE MOXE J1a ObJie OMMCAHO MO CleNHUs HauuH. B MoMeHTa Ha
yJaapa npu Bpeme t, KypulyMbT UMa KOOPJAWHATH (X; V), a IPU U3JIM3aHETO
OT BOJIHATA MOBBPXHOCT MpPHU BpeMe t,, KOOPJIAMHATUTE MY ca (X;V,),
paanychT Ha KpuBHHATa Ha Tpacktopusita ¢ 1 = f(R,.). ToraBa Ax =
X, —x, Ay =y, —yun At = t, — t. CienoBaTeiaHo cpelHaTa CKOPOCT MO

_ Ax __ Ay
X e OBJIE Vepy = < amnoyme OBbIIE Vepy = " Cpennara cKOpocCT €
> AT
Vep, = — 2.16),
. = (2.16)

Tsa e BekTOpHa BeJIMYMHA M HMMa ChlllaTa I[IOCOKAa KAaKTO
npeMecTBaHeTro. Taka BbBeIE€HaTa CpeAHa CKOPOCT HE 3aBUCH OT
M3MHUHATUA TBT, Thbl KaTO € MPOINOPIHUOHAIHA HA MPEMECTBAHETO U CE
ompeAess caMmo OT HayaJHaTa U KpaHa TOYKa Ha JBUKEHUETO.

CpenHata CKOpPOCT KAaTO CKajlapHa BEJIMYMHA C€ OMpeAens 4pe3
IBJDKAHATA HAa WM3MHUHATHS 110 TPACKTOpUATa ObT AS, pa3lelieH Ha
MHTEpPBaJa OT Bpeme At, 3a KOETO TOM € U3MHUHAT.

As
vcp. = E (217)

CkopocTra Ha e€gHa MaTepuadHa TOYKa MOXE Ja CE€ H3MEHS C

TeYEeHHE Ha BPEMETO KAKTO II0 TOJIEMHHA, Taka M IO MOCOKa. AKo AU e

HN3MCHCHHUCTO HAa CKOPOCTTA 3a HHTECPBAJI OT BPEMC At , TO BCKTOPBT
Av (2.18)
a=— .
At

€ CpPeOHOTO YCKOpPEHHE Ha KypIIyMa, KOeTo € (pu3nyHaTa BeIWYWHA,
XapakTepu3upallla u3MEHESHUETO Ha CKOPOCTTA OT ¢ 10 C5.
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TaHFeHHI/IaJ'IHOTO YCKOPCHHUEC Ha KyplIyMa, HaBJIMW3all BbB BOJHA

cpcaa nMa BuJa:
dv -

d, =7 (2.19)

W ce ompenens OT MbpBata mpou3BoAHa dv/dtHa ToleMuHATa Ha
CKOpOCTTa ¥ IO BPEMETO t, T.. TO XapaKTepu3upa Obp3uHaTa, C KOSATO CE
U3MEHS TOJIEeMHUHAaTa Ha CcKopocTTa. Korato ckopocTtra HapacTsa,
TAQHTCHIIMATHOTO YCKOPEHHWE € HACOYeHO II0 IMOCOKA Ha CIUHUYHHS
BEKTOp 7, T.€. IO IOCOKA Ha CKOPOCTTAa. AKO CKOpOCTTa HaMaJlsiBa,
BEKTOPHUTE (d, ¥ T MMAT MPOTUBOIIOIOKHHK IMOCOKH — TAHTEHIMAIHOTO
YCKOPEHHE € HaCOUYEHO 00paTHO Ha BEKTOPA HA CKOPOCTTA.

HopmaitHOTO ycKOpeHHe Ha Kyplryma, HaBlIU3all BbB BOJHA Cpeia
uMa BUA:

= |k

n (2.20)

HopmallHOTO yCKOpeHuEe € HAacO4YeHO IO IMOCOKAa Ha EIUHUYHUS
BEKTOP 71, T.€. 110 HOpMaJlaTa KbM KpMBaTa Ha TPACKTOPHATA BbB BOAHATA
cpena.

TBi KaTO JBMHKEHHUETO € KPUBOJIMHEWHO, CIIEAOBATEIIHO TO MOXKE 14
Ce TMpEACTaBU C JBE CKOPOCTH - MO TaHTEHTAaTa W MO HopMajaTa KbM
TpaekTopusita Ha Kypinyma. CbOTBETHO TOBa [BIDKEHHE 1€ C€
XapakTepu3upa M OT JBE YCKOPEHHs. 3a HYXIUTE€ Ha H3CIIECBAHETO
MHTEPEC MPEICTABIIIBA HOPMAITHOTO YCKOPEHUE, KOETO € 3aKbCHUTEITHO U
TpsiOBa Ja 3aeMa IMO-MaJIKu CTOMHOCTHU 3a J1a UMa MO-Majka MpoMsiHa Ha
TpaeKTOpUsiTAa M IO TO3W HAYMH Ja HE TMO3BOJISIBA HW3JIM3aHETO Ha
KypIllyMa OT BOJ{HATa TOBbPXHOCT.

B u3cneaBaneTo ce mpejiara W3MEHEHHE HA OXKMBAJIHATA YacT Ha
KypIIyMa dYpe3 Haps3BaHe Ha TMPHCTCHH, KOUTO TNPEIU3BUKBAT
JOIBITHUTETHO TYpOOJICHTHO 3aBUXPSHE BHB BOIHHUS CJIOW, OOTHYAI
KypIlyMa W TIO TO3M HAYWH 3HAYMTEIIHO CE€ HaMalliBa YCKOPEHHWETO Ha
KypIIyMa M CBITUAT HAMA JOCTaThYHO SHEPTHS 3a Ja HaIyCHE BOJHATA
cpena.

[lenTa Ha wW3CACABAHETO € YpEe3 HaApsA3BaHE HA NPBCTCHH 10
O’KMBAJIHATA YaCT Ha KypIlIlyMa, HOPMAJHOTO YCKOPEHHUE Ha KypIIyMa IpH
JBMKEHUETO MY BBB BOJA Jla KJIOHM KbM HYJIa U TI0 TO3U HA4YWH J1a ObJe
CBeJieHA 10 MMHMUMYM KPWUBHUHATa Ha TPACKTOPHSTA HA KypIIyma, KOSTO
Ou MorJ1a J1a Ch37aje YCIOBHS 32 Bb3HMKBAHE HA PUKOIIETHO JIBUYKEHUE.

Crnen mpoydBaHe Ha BBIIPOCA OTHOCHO OTCTOSIHUETO Ha PauaTHUTE
MPBCTEHH OT BbpXa Ha KyplllyMa MPpU aHaJIM3a Ha TOCThITHATA JIUTepaTypa
[48][51], mpbcTenbT cinemBa ga Obae M3pabOTEH Ha pascrosiHue L =
0,4.d, xpaeTo:

L — pa3cTosiHHeTO Ha MPBCTEHA OT BbpXa Ha Kypuryma [mm];
d — xanuOBp Ha Kypiryma [mm].

3a uz0Opanus 6oemnpumnac L=3,05 mm.

[Topanu dhopmaTa Ha Kypiryma TO3M IPBCTEH MPHU yJap C BOJHATA
MOBBPXHOCT NpU bIrAM Onu3ku 10 0° HsAMa Ja KOHTAKTyBa C BOJHATa
cpena W cienoBaTeiHO He Ou Owi edekTuBeH. 3a Ja ce u3cieBa
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BIUSHUETO HAa TMPBCTEHUTE Ce€ Mpue aa ObAaT u3pabOTeHW OIIe JBa
MPBCTEHA M0 OXKMBAJIHATA YacT Ha KypIllyMa U Ja ce U3clie/Ba BIUSHUETO
Ha NPbCTCHUTE BbPXY PUKOILIETHOTO JIEUCTBUE HA KyplIyMa IPHU Cpellia ¢
BojgHa cpena. OTCTOSIHUETO HA MPBCTEHUTE OT BbhpPXa Ha HOca Ce
ompenenu Ha 0a3a pa3MepuTe Ha OXMBaJIHATa 4YacT. [bi KaTto Ha
pasctossHMe OT 12,8 MM OT BbpXa Ha HOCA Ha KyplIyMa TsJIOTO Ha
KyplilyMa CTaBa ¢ HWIMHApUYHA hopmMa, Osixa MpUETH Pa3CTOSHUSATA!

- 3 mm — Ha 0a3a Ha U3BHPIICHUTE U3UUCIICHUS,

- 6,4 mm — chOTBETCTBAII] HA CpeJlaTa Ha OKMBAJIHATA YacT Ha
Kypuryma,

- 12,7 mm — chOoTBETCTBAIIl HA Kpas Ha O)KHWBaJIHATa KPUBA.

a a4

) 0 ) O

Mooen 0 Mooen 1 Mooen 2 Mooen 3 Mooen 4 Mooen 5

@ue. 2.6 Cxema Ha modenume KypuLymu, Usnoa36aHU 3 eKCHepUMeHmd.

bsixa u3paboreHu mer mojiena KypliyMHu C €IMH U JIBa KaHaja Io
oXKHBaJiHaTa UM 4acT (¢ur. 2.6):

Mogen 1: ¢ eguH kaHal, Pa3nojoOKeH Ha 3 MM OT BbpXa Ha
Kypuiyma.

Mogen 2: ¢ nBa KaHaia, pas3lojiokKeHW Ha 3 MM U Ha 6,4 MM OT
BbpXa Ha KyplIyma.

Mogen 3: ¢ enuH KaHall, pa3nojioxkeH Ha 6,4 MM OT Bbpxa Ha
Kypuiyma.

Mogen 4: ¢ equH KaHall, pa3nojioxkeH Ha 12,7 MM OT BbpxXxa Ha
Kypliyma.

Mogen 5: ¢ ABa kaHana, pa3nojgoKeHu Ha 3 MM U Ha 12,7 Mm oT
BbpXa Ha Kypulyma.

Kontponnara cepus e c¢ (aOpuyeH KypliyM, OmpeaesieH KaTo
Mogen 0.

Tpi KaTo MpU HABIW3aHE BBB BOJATA B PE3YJTAT HA BUCOKOTO
CBHIIPOTUBJIEHUE HA TPUEHE MEXAY KypllyMma U BojaTa, brjioBaTa CKOPOCT
Ha BBPTEHE PA3KO Maja, MPU KOETO KUPOCKOMUYHUA e()EeKT HaMalsaBa 110
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NpeHeOpEeKMMO MaJIKU CTOMHOCTH M HE OKa3Ba BIUSHUE Ha CIEIBAIIOTO
JBWKECHHUE HAa KypLIyMa.
TBH Karo TOBa € YCKOPEHME Ha KyplIIyMa IIO KPUBHMHATA Ha
TPAEKTOPHSITA.
ve 2.21
a=_7 (221)

KBJAETO:
vZ — KBaJipaT Ha CKOPOCTTA Ha KypIllyMa IIpY BJ13aHe BbB BOJATa.
R — panuyc Ha KpuBaTa Ha TPAECKTOPHITA.

Ot dopmynara 3a BCi (2.3) uzpassiBame CTOMHOCTTa Ha CKOPOCTTA
HA BIIU3aHE Ve,

K. L) (2.22)

\/”_ei = (\/v_o " BC,
KBICTO:

K — e xoHcTanTa Ha ctorHocT 0,0052834

m
Vo— HayaJHa CKOPOCT Ha Kyplryma (;);
BCi — 6anuctuyecku KOepUIUEHT 32 CbOTBETHUS MOJIEI KyPIIyMHU;
L — pa3cTosiHUETO OT AYJHUS Cpe3 A0 MOBBPXHOCTTA Ha BojaTa (M),

L=(= ) (2.23);

tana

KBICTO
h — BucouMHAa Ha TOJIO)KEHWETO HA IyJIHHUS Cpe3, CHOPSMO BOIHATA
MOBBPXHOCT [M];
Q — BI'bJI HAa HAKJIOHA Ha IIEBTa, CIIPSIMO BOJIHATA OBBPXHOCT [deg].
3amMecTBaiiku B ypaBHeHue (2.21) moydaBame:
U_eg_l \/U—_K'taﬁa _
R R\V™ B -

a =

4 3 3

- |re) -Ge) ) )

o (ra) () v alare) G w e
‘\tana/ "\BC(; o T \tana) BC; Yo TV (2.24)

N3BbpiIBaliKK palMOHAIU3UPAHE HA MHOTOWICHA, [I0JIy4YaBaMe:

O N

|w

1 3
@= gt <tan a*.v3.BC;* —tana®.4hK.v2. BC;® + tana?.6h*K 2. v,. BC;?
.tana*.BC;

1
—tana.4h*K3.v}. BC; + h4K4> (2.25)

Ou3nKo-MaTeMaTHYECKH aHAIN3 HA U3BEICHOTO YpaBHEHHE:

- C HamassiBaHETO Ha CTOMHOCTTA Ha OAaTMCTUYHUS KOS(DUITUEHT
(mo-HebmaronpusiTHA ~ aepoaWHaMuyHa  (GopmMa), CTOHHOCTTa  Ha
YCKOPEHHUETO pacTe.

-Ilpu cpema ¢ BomHaTa MOBBPXHOCT NMPHU HAKIOH PaBeH Ha
rpaHUYHUS BI'BJI 8,7 ° CTOMHOCTTAa Ha YCKOPEHHUETO Ha IIATHUS KYPIIyM €
720,4534 M/c2, ipu KypiIyM ¢ €IMH KaHaJ, pa3loJioKeH Ha 6.4 MM e
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717,6378 m/c2, nmpu nBa kaHana, pa3nojoxxkenu Ha 3 u 12,7 mm e 709,186
Mm/c2.

-IIpn cpema ¢ BogHaTa MOBBPXHOCT MPU HAKJIOH PaBEH Ha
rpaHuyHud bI'ba 10,5 © yCKOpEeHUETO Ha IATHUS KypIIyM CTOMHOCTTAa Ha
YCKOpPEHHETO € 722,2884 M/c?, mpy KypIIyM C €IMH KaHal, PasMojOkKeH
Ha 6.4 MM e 719,9588 m/c?, mpu 1Ba KaHaa, pa3nonokeHu Ha 3 u 12,7 Mm
e 712,9583 m/c?.

- [Ipu cpeiia ¢ BogHaTa MOBBPXHOCT MPHU HAKIIOH PABEH HA BI'bJI
14 ° yCKOpeHMETO Ha IATHUSA KypUIyM CTOMHOCTTAa Ha YCKOPEHHUETO €
724,523 Mm/c?, mpu KyplIyM C €JUH KaHall, pasloyokeH Ha 6,4 MM e
722,7867 m/c?, ipu 1Ba KaHana, pasnojoxkenu Ha 3 u 12,7 MM e 717,5626
M/c?,

2.3. CTaTHCTHYECKO MOJe/IMpaHe HA PUKOIIETHOTO JeiicTBHe
HAa KYPIIYM CpeldeH KaJUObpP 3a CTPEJIKOBO OpPbKHe NMPH cpelia ¢
BO/IHA cpe/a.

2.3.1. Metoqu 3a MaTeMaTH4YeCKO MoOJeJHpPaHe Ha
PHUKOILIETHOTO JIelicTBHE.

CTaTUCTHUYECKHMAT aHaW3 Ha TOJYYCHWTE B pe3ydTar Ha
00pabOTBAaHETO HA EKCIIEPUMEHTATHUTE JAHHU MATEMaTUYE€CKH MOJEITU
OT BHJIA

k
9= bifi() (2.26)

OpeJCTaBiIsiBa H3KIIOUUTEIHO BaXKHa CTpaHAa Ha CTAaTUCTHUYECKHUTE
metoau. be3 3ambpn0odeH CTAaTUCTUYECKHM aHAIW3 HAa OCHOBHHTE
MEXJIMHHU U KpailHU pe3yJTaTH He MOrar J1a ce MpaBsAT HUKaKBU U3BOJIU
3a u3cjeBaHus OOEKT, a Ollle MOBEYE — Jla CE€ M3IMOJI3BAT TE€3H PE3yJITaTH
3a U3y4aBaHe, yIpaXHEHUE U ONTUMHU3ALMs Ha O0EeKTa.

HeoOxoaumocTTa OT NPOBEXKIAHETO HA CTATUCTUYECKHS aHAIN3 Ce
oOycnaBsi OT (pakTa, 4ye NpPHU BCIKO PEATHO M3CJIEABaHE C€ M3IMO0J3BA
orpaHudeH Opoil ekcrnepuMeHTanHu JaHHU (N-KOMILIEKTa), KOUTO
NpeACTaBIsABaT M3BaJKa OT TeHepajgHaTa CbBKYNHOCT Ha JaHHWU.

[ToydyeHnTe 1O Ta3u M3BaJKa OLEHKH Do, b1, ..., by Ha KoepurmenTUTE
Bo, B1, ..., fxHa Mojena
k
n= Z Bifi(z) (2.27)
i=0

M Ha TO-TOPHUS MOJIE] MPUTEKaBaT HSKAKBa CTENEH Ha JOCTOBEPHOCT,
KOSATO TPsIOBA J1a C€ YCTAaHOBH M CHIIOCTABU C M3UCKBAHUATA KbM MOJEIA.
Bb3MoxkHa € m oOpaTHa TMOCTAaHOBKAa Ha 3ajavara: Ja Cce OMpPemessT
yciaoBusATta (mpead BCUYKO OposT N Ha HaOMIOJAEHUATAa W TAXHOTO
pa3noyioKeHUe BBHB (DAKTOPHOTO MPOCTPAHCTBO), KOUTO OCHUTYpSBAT
MOCTUTAaHETO Ha 3aJajiecHaTa TOYHOCT TMpu (¢UKCUpaHA CTEeNeH Ha
noBepeHocT. [2]

[Ipensioxxennss B T. 2.2.2 aHaJIWTUYEH MOJIENl HA Mpolieca Ha
HaBJIM3aHE Ha KypIllyMa BbB BOJIHA CpeJia OMKCBA MPOIIECHT HA HABJIM3aHE
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U JIBIDKEHUE BBB BOJHA Cpella Ha KypIIyM ¢ MOAu(UIIMpaHa YeaHa 4acT.
[ToTBBpKIaBaHETO HA M3BBPIICHUS aHAIN3 U MOJIYUYCHUTE U3BOJIU MOXKE
na ObJe U3BBPIICHO Ype3 MpHilaraHe Ha CTAaTUCTUYECKO MOJENIMpaHe Ha
mpolieca Ha HaBJIM3aHETO W JBMKEHHETO Ha KyplIyMa BbB BOJIHA cpena
KaTo C€ W3MO0J3BaT CTATUCTUUYECKUTE HAONIONCHUS, TMOJyYeHU OT
MPOBEICHUS (PU3NUECKU EKCIIEPUMEHT Ype3 MOJIMTOHHU U3MUTaHUS.

MopnenupaHeTo Ha NPOLIECUTE HA HABIM3aHETO Ha Kypllyma BbB
BOJIHA CpeJia 1aBa Bb3MOXKHOCT Jla C€ U3CJIe/IBa BIMSHUETO Ha MPOMSHATA
Ha hopMaTa Ha KyplIyma C 11eJl HaMaJIiBaHe Ha PUKOIIETUTE Ha KyplilyMa
OT BOJIHA Cpejia MpHU 3ama3BaHe Ha OATMCTUYHUTE MY XapaKTEPUCTUKHU.

MaTteMaTuyHUTE MOJETM UWMAT 3a Leld Ja M[POTHO3Hpar
NOBEIEHUETO Ha u3cienBaHUsd OOeKT (KypIIyM OT THaTpoH C
HOMEHKJIaTypeH HHAeKC 7,62 X 54 mm) B MOMEHTa Ha yaapa My C
BOJIHATa MOBBPXHOCT. DU3MYHATA CHITHOCT Ha Pa3rieKIaHUs MPOLEC C
XapaKTEpHUTE OCOOEHOCTH TpsiOBa Ja Ce€ ONHUIIE MAaTeMaTUyHO C
NONXOMAIINS METON ¥ HW3UMCIHHTENTHH Tmpoueaypu. CrhlecTByBar
pa3iINYHU BHIOBE MaTEMaTUYHU OIMCAHUS, KaTO Hal-pa3pOCTpaHeHH ca
JIETEPMUHUPAHUTE U CTATUCTHUECKUTE.

JleTepMUHUpAHUTE MOJCIH CE€ CTPOSAT Ha Oazata GyHIaMEHTAIHU
TEOPETUYHU 3aKOHOMEPHOCTH, KaTO 3aKOHHMTE Ha MEXaHUKara,
du3nkarTa, TepMOJMHAMUKATA U JIP.

CraTtucTiyeckuTe MOJEIM C€ OCHOBaBaT Ha o0O0paboTkara Ha
EKCIIEpUMEHTATHU JTaHHH.

[Topanu cioX)HOCTTa Ha MpoIleca Ha HaBIIM3aHE HA KypIIyMa BbB
BOJHA Cpe/la, B aHAIM3UpaHaTa JuTeparypa He 6€ OTKPUT JIeTepPMUHUPAH
MoOJied, KOMTO Ja omMcBa TOYHO MPOTUYAIIUTE (PUIUKOOAIMCTUYHU U
MEXaHWYHU TpolecHu BBB (QYyHKUUMA OT QopMara, CKOpocTTa U
TpPaeKTOpUsTa CIPSAMO BOJHATA MOBBPXHOCT HAa Kypiryma. B HacTosmus
TPYd € TPUIIOKEH CTAaTUCTUYECKHS METOJ Ha MOJAEITUpaHe, KOWTO
MO3BOJIABA JIa CE MOYYH 3aBUCUMOCT MEXIy (PaKTOpUTE W MapamMeTpuTe
HE3aBUCHUMO OT (hr3MuecKkaTa ChITHOCT HAa HABJIM3aHETO Ha KypIilyMa BHB
BOJIHA CpeJia.

Wscnensanust o0ekT (Kypiiym Ha matpoH 7,62x54 mm) ce
XapakTepu3upa CbC CBOUTE TreoMeTpuyHH mapameTpu. C momomra Ha
CbOpaHUTE JaHHU Ce€ OIpeneisT KoepUIUMEHTHTE Ha 3aBHUCHUMOCTTA
MEXy BXOJHUTE M M3XOJHHUTE MapaMeTpH Ha Mpolleca Ha HABIU3aHE U
IBMKEHHE Ha KypllymMa BbB BoAHa cpena. JleduHupa ce BekTop Ha
CbCTOSIHUSITA, YAUTO €JIEMEHTH OIPENEAT peaaHusl Npoliec Ha HaBIU3aHe
Y JBIKEHUE Ha KypIIlyMa BbB BOJHA cpefa. [lomydeHuTe 3aBucuMocTa 1a
MO3BOJISIBAT HE CAaMO MHTEPIIONAIMs, HO U €KCTparoiaius Ha pe3yJTaTuTe
Bb3 OCHOBA Ha M30paHus monen. Pa3paboTeHusT Mojen aa € ajaeKkBaTeH
Ha Tpolieca Ha HaBJIM3aHE W JABMKEHUE Ha KyplllyMa BbB BOJIHA cpeja
CBIJIACHO MPEBAPUTEITHO N30paH KPUTEPUIA.

[Ipu cbecTaBsiHETO HA MATEMATUYHUS MOJIET Ca Bb3MOXHU CJIEIHUTE
BapUaHTH:

1)MareMaTHUHUST MOJAET € CHhCTaBeH KaTo CTPYKTYpHH
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OTHOILIEHUSI Ha (PU3MUHUTE BEJIUYMHH, HO HE Ca W3BECTHU CTOMHOCTHUTE
Ha Koepuuuentute. ToraBa e HeoOXoauMO Ja ce€ U3BBPIIBAT
eKCIIEPUMEHTH 32 TIXHOTO OMPE/CIISHE.

2) MogerbT MoXe J1a ObJie Ch3/1aJIcH OT €IHA OT (YYHKITUUTE
Ji(x,®G=12,..,1)
KBJAETO: 0 — € mapaMeThp Ha MPoIeca;
X — e ¢dakTop Ha mporieca.
HeoOxomuMo 1a ce mpoBenaT eKCIEpUMEHTH 3a YTOUYHSBaHE Ha
MoJieJIa ¥ C€ OTPEAEIIST HEeU3BECTHUTE TapaMETPHTE.

3) AHAIMTHYHHAT BHU] HA MOJZIeTIa € HEU3BECTECH.

JIBMKEHMETO Ha KypIllyMa BbB BOJHA CPENA UMa CIIyYacH XapakTep
[109] [Mopamu cnokHOCTTA Ha MPOTHYAINUS IMPOIEC HAa JBH)KCHUE HA
KypIllyMa OT BOJHA CpeJla B IOCThIIHATA JINTEPATypa HE € U3BECTHA TOYHA
3aBUCUMOCT MEXIY bI'bja CKIIOUEH MEXAY TPACKTOPHUATA HAa KyplIyMa U
BOJHAaTa MOBBPXHOCT, CKOPOCTTa Ha KypllyMa B MOMEHTa Ha yAapa C
BOJHAaTa MOBBPXHOCT M (hopmaTa Ha KyplryMa. B3aummonencTBHeTOo Ha
aTMOC()epHO HaJIAraHe, IUTBTHOCT HA BOJATa, BI'bJ HAa HAKJIOHA Ha
TpaeKkToOpHsiTa Ha KypHIyMa KbM IOBBPXHOCTTA, JIOI'BJIHHUTEIHO
NBUKEHUE (TeueHue) Ha (Quyuja, CKOpOCT Ha Kypiuyma, (opma Ha
KypIllyMa | Jp., KOUTO ChIIPOBOXAAT MpoLieca Ha JBUKEHUE HA KypIllyMa
OT BOJIHA CpeJla OYepTaBaT CI0KHA CXEMa Ha ABMXKEHHUE. AKO ce OTYETE U
BJIMSHUETO Ha BBHIIHUTE (akTopu (KaTto: abOpa3MBHO M3HOCBAHE Ha
PU3HMIIATA HA KyplIyMa NpH JBWKEHUETO CH B KaHaJla Ha IEBTA,
nedopManus Ha Kypllyma IpuU yAap € BOJHAaTa MOBBPXHOCT, BHCOKA
BJIQXKHOCT C NOBHUIIEHO CHIbP)KAHME HAa COJIM BBbB BB3AyXa U T.H.), TO
IIPOLIECHT HA HABJIM3aHE 1€ MMa OlLLE Mo-HeonpeaeneH xapakrep. [lopaau
U3JI0)KEHUTE MPUYMHU HE MOXE Ja ObJe ChCTAaBEH TOYEH AHAIUTUYEH
MOJZied, KOHTO Ja OTpa3siBa CJIOKHATa 3aBUCHUMOCT HAa DPHUKOLIET Ha
KyplIllyma OT BOJIHA Cpefa.

2.3.2. U300p Ha MoJeJI 32 CTATUCTHYECKO MO/IeJIUPaHe

Ha 6a3ara Ha HanpaBeHUs! aHAJIU3 B IJ1aBa MbPBa U Bb3MOKHOCTUTE
Ha MaTeMaTUYHUS anapar Ha CTATUCTUYECKOTO MOJIETIMPaHe B HACTOS IS
JUCEPTAllMOHEH TPyJA C€ Mpeliara MOJAEIUPAHETO J1a CE W3BbPLIM B
CbOTBETCTBUE C BTOpHUS BapuaHT. lIpu TO3M BapuaHT CTaTUCTHUYECKUST
MOJIEJT OTpa3siBa B3aMMOJECHCTBHETO MEXIY H3CICABAHUTE CIIy4YailHU
BEJIMYMHHU, THHA KaTO HE € BB3MOXKHO Jla CE€ EJIIMMHHHUPAT BBHILIHUTE
(dakTopy WM J1a Ce MOABPKAT MOCTOSTHHMU.

3a 5a ce peanu3HMpa MPOLEChT HAa CTATUCTUYECKO MOJECIUpPAHE
cb0Opa3HO M30paHMsl BapHaHT, € Ch3/aJeHa 0a3a OT JaHHHU IOCPEICTBOM
IPOBEXJAHE HAa EKCHEpUMEHT Ha Tepuropusra Ha LleHTpanen
apTUIEPUNCKA TEXHUYECKHM M3NUTATENEH [OJIMIOH -  3MEWOoBO.
CraTucThueckuTe JaHHU ca ChbOpaHU OT IPOBEIEHU EKCIIEPUMEHTH C
OanucTUYHA LEB, MOHTHpaHa Ha CTaHOK ,,bapuHOB® mpu cTpenda c
pa3IMYHUTE MOJAENM KypIIyMH IO MHUIIEHM 32 IIpOBEpKa Ha
IpynHpaHoCTTa Ha cTpendara, pasnonoxeHu Ha 100 meTpa u nmo BoaHA
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MOBBPXHOCT MNP Pa3IMYHU BIIM HA CKIOHEHHE U PETHCTPUpPAHE Ha
PHUKOIIUPATUTE KYpUIyMH OT IIaBalla MUIIEHA.

3a ChCTaBSIHETO HAa MaTEMaTUYHHUS MOJEJ ca HU3MO0JI3BAaHU METOJA
Ha pErpecHOHHUs aHalIW3 W METOJa 3a CTAaTUCTUYECKAa OLEHKa Ha
HEU3BECTHUTE MapaMeTpuUTEe Ha MOJECIUTE, 4Ype3 HaMUpaHE Ha
ChOTBETHUTE TOYKOBH OILICHKHU.

[IpoMeHIMBH BEIWYMHUA ca. YCKOPEHHUETO Ha KypllyMmMa IMpu
BJIM3aHE BBHB BOJHATA cpela — Y U BIbIBT HAa CKIOHEHHE KbM BOAHATa
NoBbPXHOCT X  (BI'BIABT, CKIOYEH MEXAYy JoNuparesiHata KbM
TpaekTopusiTa Ha KypllymMa U BOJHaTa TNOBbpXHOCT). Te ca
CTaTUCTUYECKU 3aBUCHUMHU II0 MEXIy CH, ThH KaTO HM3MEHEHUETO Ha
eqHaTa BOJM N0 HW3MEHEHWEe Ha jpyrara. OCHOBHHM BEIWYUHU 32
ONpENENIIHE B PErPECHOHHUS aHalIW3 ca BUABT HA PETPECHOHHOTO
YpaBHEHUE M HEroBHTE KOoe(UIMEHTH f12. PerpecMoHHaTa 3aBHCUMOCT

MEXTy X B ycIIoBHOTO MateMatndHo odakBane M(Y[X=x) [2][9][10][20]
+00

MO =0 = yromay (2.28)
—oo
IIO3BOJISIBA J1a CE€ M3CIeABAa CTAaTUCTUYECKAaTa 3aBUCUMOCT MEXIY
roJIEMMHAaTa Ha U3HOCBAHETO M KOJMYECTBOTO ITPOU3BENCHHU U3CTPEIIN.
YcnoBHoto MaremarnyHo ovakBaHe M(Y|X=x) 3aBucu OT
N30paHus TEOPETUUHO-BEPOSTHOCTEH MO/IEIL.
MogenbpT Ha perpecusita BbB BUAA

MY|X =x) = p(x) (2.29)

MO3BOJISIBA J]a CE€ MPOTHO3UPAT CTOMHOCTUTE HA YCIOBHOTO MaTeMaTU4YHO
OuYaKBaHE Ha Y MO 3Ha4YeHMsATa HAa X=x. 3aJa ce U3NBJIHU NPOLEAYPUTE
PErpecHOHHUsl aHajdu3 W MPOTHO3Mpa U3MEHEHUETO Ha HM3HOCBAHETO €
HE0OXOJAMMO J1a C€ MO3HaBa pa3NpeeNIEHNETO Ha clydailHaTa BEJIMYMHA
(X, Y). Or ananmza nHa mautepatypata [39][87][89][128] moka3Ba, ue
OpoLEeChT HAa HaBJIM3aHE HAa KypulyMa BbB BOJHA Cpela WU
CTAaTUCTHUYECKATa 3aBUCUMOCT MEXAy BeMHMUUHUATE X, Y € HEelpeKbCHATa U
napameTbpbT Y € HOPMAJIHO pas3IpesesieHa CilyyaiiHa BEJIMYHMHA 3a BCSKA
CTOMHOCT Ha X.

B nmuceprammonHus Tpyja € pasrienaHa 6a3a OT JaHHH ¢ 00em N
M3MEpBaHUS OT HalpaBeHUs eKCIiepuMeHT. M3pa3sBar ce pe3ynaTaTuTe OT
eKCIIepUMEHT (Xi, Yij), kpaero i=1, 2, 3, ..., nuj=1, 2, 3, ..., m BbB BUJ Ha
TOYKH B JICKapTOBa KOOpAMHATHA CHCTEMa, W Ce ToJydaBa TrpaduyuHara
dbopMa Ha cucTeMaTh3als Ha CTATHCTHYCCKUTE NAaHHU (KOPEJIAIMOHHO
nosie). Ha Gazata obema N Ha wW3BajgkaTa OT CTATUCTUYECKH IaHHU €
HEOOXOMMO Ja c€ OUEHU (YHKIMSITA Ha PETPEeCUOHHUS] MOJIEN U
OpOrHO3Upa YCJIOBHOTO MAaTeéMaTHYHO OYakBaHe Ha ciyd4aiiHaTa
Benu4MHa Y ChOTBETCTBAIllA HA OMNpENIeJIEHU CTOWHOCTU Ha CiydaiiHaTa
BesmunHa X=x. BemnumHara X MoXe Ja INpuemMa W HECIy4YalHH
crorinoctr [83][109]. 3a oneHka Ha (QyHKIMATA HA MOJIEIa CE M3I0JI3BA
MpUOJIM3UTENIHATa eMIUpUYHa (DYHKIMS HA PETpecus WM ypaBHEHUE Ha
perpecus OT BTOPH POJI KOSITO 1O HaW-TOAXOMSIIHS HAYMH B CMHUCHIIA

33



Ha W30paH KpUTEpWH, Ja ce MPHUOIMKaBa 10 HEU3BECTHHS MOJET Ha
perpecus M(Y[X =x) = @(x).B 001 Clydail ~ perpecMoHHaTa
3aBHCHMOCT MOXE Ja OBbJe 3amucaHa BHB BHJ Ha IOJHHOM
Y =afi(x1) + bf2(x2) + cf3(x3) (2.30)
KkpAeTo a, b, ¢ ... - ca mapameTpu Ha Mojena WIM OICHKH Ha
PErPECHOHHNTE KOS(DUITHEHTH.

3a na ce moadepe Kiaca Ha EMIUPUYHUTE (DYHKIIMH Ha pErpecus
ONMKCBAIIM MPOIEChT HAa HM3HOCBAaHE € HEOoOXOAMMO Ja C€ M3IbIHU
cJieJIHaTa MOCJIeIOBATETHOCT OT OIepaliu:
1) aHa)IM3 HA ONUTA W M3CJICABAHHUATA HA U3BECTHHU aBTOPH;

2) aHanW3 Ha TOIUIOQU3NYHUTE, XUMHYHUTE U MEXaHHYHH
IPOLIECH CBHIIBTCTBAIM MPOLECUTE HA W3CTpENia W pPHKOIIeTa Ha
KypIIymMa OT BOJHATA CPE/a;

3) BHU3yaJlHa OICHKAd Ha KOOPAMHATUTC HaA CTATUCTHUYCCKHUTC
PE3YITATH OT UBMCPBAHUATA B KOPCIAIUMOHHOTO IT10JIC,

4) aHaIU3 HA MOJIyYCHUTE NPU N HE3aBUCHUMHM OIMTA PE3yJITaTH
(Xi;Yij) c oTUMTaHE HA KOHKPETHUTE yCIOBUS Ha CKCIIEPUMEHTA.

Kato ce wuma mnpeaBua HaTpynaHuss ONUT B aHAJIM3WpaHATa
auTeparypa W (uU3MKOo-OaTMCTHYecKaTa CBITHOCT Ha Iporeca Ha
HaBJIM3aHE Ha KyplllyMa BbB BOJHA cCpejaa, rpaduuHaTa MHTEpHpeTaIus
Ha 3aBUCHMOCTTa “‘Opoil KaHaJM U OTCTOSIHUE OT BbpXa Ha KypllyMa-
KOJIMYECTBO HEPUKOIIMPAIM KypIIyMH HMa BHUJ Ha mapabOJuyHa WIH
CTEIIEHHAa KpuBa. MaTeMaTUYHOTO MOJICIMPAHE HA YCKOPEHUETO Ha
KypliymMa 4pe3 ypaBHEHHS Ha (DYHKIHUM OT IMO-BUCOK pPE€l, B YaCTHOCT
ype3 eAHO(paKTOpHU MOJCIM Ha HEJIWMHEHHa perpecus, ce OKa3Ba
3HAYUTEJIHO MO-3JICKBATHO B CPAaBHEHUE C JMHEMHOTO aNpOKCUMHUPAaHE
Ha Iporeca.

Heobxoaumo e na ce mzbepe HaAM-MOAXOISAIINS TUM KPUBA, KOSTO
HAM-TOYHO Ja OINHWIIE M3CJeJBaHaTa 3aBUCHUMOCT, TbW  KaTo
pa3HOOOpa3HeTo OT HEIMHEWHHTE 3aBHCUMOCTH € TBBPAE TojsiMo. B
HACTOSAIIUS TPYJ CE€ pas3riexaaT HIKOJKO BHAA MOJUHOMU. OLIEHKUTE Ha
KOe(UIIMEHTUTE HAa TE3W TOJMHOMU B PETPECHOHHMS AaHAIU3 Ce
OMpe/eAT uype3 MeTojaa Ha Hai-manmkure kBagpatu (MHMK) [2]. C
MHMK ce nony4aBar OLIEHKH, KOUTO Ca ChCTOSITEJIHU, HEU3MECTCHU U
e(hEeKTUBHH.

o [IbpBO PYHKIIMOHAIHO ypaBHEHHE

P, = ax (2.31)

3a onpenmenssHe Ha  KOe(UIIMEHTUTE HA  PErPECHOHHOTO
ypaBHeHue (2.36) € ChCTaBEHO HOPMAJIHO JUHCHHO YpaBHCHHUE
n n
Z y; = az X; (2.32)
i=1 i=1

e BTopo (pyHKIHMOHAIHO YpaBHEHHE
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Pr, = ax*+bx+c (2.33)

3a ompenensHe Ha  KOCPUIMEHTUTE Ha  PErPECHOHHOTO
ypaBHeHue (2.38) e chCTaBeHa cHCTEMa OT JBE HOPMAJHH yPaBHEHHUS.

Zylxl —bz:xl+az:xl2

=1 i= (2.34)

n n
=b ) x +azxi3
=1 i=1

i=1 i

Ms

e Tpero GYHKIMOHAIHO yPaBHEHHUE
Vx, = ax® + bx* +cx +d (2.35)

3a ompenensiHe Ha  KOC(DUIMEHTUTE HAa  PETPECHOHHOTO
ypaBHenue (2.40) e cbcraBeHa cucTeMa OT TPUHOPMATHH yPaBHEHHUSI

n n n

Zylxi =b2xi+az:xl2

i=1 i=1 i=1

n n n
Zyixiz = belz +a2xi3 (2.36)
i=1 i=1 i=1

n n n n
zyle’ = czxi2+b2xl3+a2xl4
i=1 i=1 i=1 i=1

e UYerBbpTO GYHKIIMOHATHO YPaBHEHHUE
Px, = ae* (2.37)

3a ompenensHe Ha KOS(HUIIMEHTHTE HAa PErPECHOHHOTO YpaBHEHHE
(2.42) e cbcTaBeHa cucTeMa OT JBEHOPMATHH YPaBHEHUSI

n n n
inlnyi =lna2xi+b2x2
tﬂ i:l ij} (238)
inzlnyi =lnain2+be3
i=1 i=1 i=1

e [leto pyHKUIMOHATHO ypaBHEHHE
P, = aeP* 4+ ce® (2.39)

3a ompenensHe Ha KOS(PHUIIMEHTUTE HA PErPECHOHHOTO YpaBHEHHE
(2.44) e cbcTaBeHa cucTeMa OT Y€THPHU HOPMAJIHU YPaBHCHHUS
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n

n n n n
inlnyi =lna2xi+b2xi2+ln02xi+d2xi2
i=1 1 i=1

n n n n n
lez Iny;, = lnaz:xiz + bef’ +1ncz:xl-2 + def
=1 i=1 i=1 i=1 i=1 (2.40)

n n n n
x3 Iny; :lnatz:xi?’+bz:x{‘+lncz:xi3 +dz:xl4

i=1 i=1 i=
n

n n n n
in“lnyi :lnazx{*+b2xi5+ln02x{*+d2xi5

i=1 i= i=

Te3u cucremMu BHHArM ca OINpPENCICHH W HECHBMECTUMH U
MO3BOJIABAT J1a C€ OMpenesaT KOoehUIIMEeHTHTE Ha TTOJIMHOMA Ha Tpoleca
Ha puKomer. PemaBaHeTo Ha CHUCTEMUTE HOPMAJHA YypaBHEHUS €
CBBP3aHO C HM3YUCIUTEIIHH TPYMAHOCTH, TOPaau KOETO PpEe3yJTaTHTE Ce
IoJTyYaBat 4pe3 IpujiaraneTo Ha copryepen nmpoaykr ,,Matlab 7.0”.

Crnen ompezensHe Ha OLEHKUTE Ha KOE(ULHUEHTUTE C€ U3BBPIIBA
CTAaTUCTHUYECKU aHAIW3 Ha PErpPECHOHHOTO ypaBHeHHE. M3mbiHSIBAT ce
penMiia TMpoleaypu 3a MpOBepKa Ha XHUIOTE3W, KAaTo TPOBEpPKa Ha
XHUIOTEe3aTa 3a aJICKBaTHOCT HA PErPECHOHHOTO YpaBHEHHE, IPOBEpPKa Ha
XUIoTe3aTa 3a 3HAYUMOCT Ha KOC(PUIIMEHTHTE B PErPEeCHMOHHOTO
ypaBHEHHE, ONpe/Ie/ITHE Ha JOBEPUTEIHN nHTepBanu u np. [2][20][45].

H3Boan:

1. bposT Ha kaHanmuTe, U3pA0OTEHU BHPXY OXKMBAJHATA YacT Ha
KypIIyMa, HE OKa3Ba CBINCCTBEHO BIHMSIHUE BBPXY OaTMCTHUYCCKUS
koedunueHt. ['oneMrHaTa Ha OaMMCTHYECKUS KOS(UIIMEHT 3aBUCH B TI0-
rojiiMa CTETICH OT OTCTOSHHETO Ha TO-OTAAJICUEHUs KaHajd OT BbpXa Ha
KypIIyma.

2. [To3umusaTa Ha KyploymMa BBB BOJHATa KyXHHa C€ BIIHSC
CBIIIECTBCHO OT KaMIIIMKa, KOETO OTPE/Ies JaIH TOIBOIHATA TPACKTOPHS
me ObJie HaCOueHa Harope KbM IMOBBPXHOCTTA, HAAOJY WM IO TpaBa
JIVHHSI.

3. YaapbT Ha KypIllymMa BbB BOJIHATA IIOBBPXHOCT U ABM)KCHUETO B
KaBHTAIIMOHHATA KyXHWHA HE CaMO BJIHSC BBPXY IOABOJIHATA TPACKTOPHUS
¥ ‘BIJIOBHUS UMITYJIC, HO € Bb3MOXKHO JIa PUYMHHM TTOBPEIH 110 KOpITyca Ha
KypIIyma.

4. U3BeneHoto ypaBHeHue (2.25) ommcBa Bpb3KaTa MEKIY
YCKOPCHHETO Ha KypIIymMa IIpd yaap C BOJHATa ITOBBPXHOCT B
3aBHCHMOCT OT bI'bjJla HAa HAKJIOHA Ha TPAeKTOpHUATAa B MOMEHTa Ha yaapa
U 6amucTHIeCKus KOe(UIIMEHT Ha ChOTBETHUS MOJIET KYPIITYM.

5. llpennoxenute dyHKIMOHATHU ypaBHeHus 2.31; 2.33; 2.35;
2.37 u 2.39, noaydeHu B pe3yaTaT Ha OOpaOOTEHHUTE CTATUCTHYECKU
JaHHW OT TPHUIOXKHHUSA CcO(TyepeH MPOMYKT OMUCBAT (PYHKIHITA Ha
U3MCHEHHE Ha YCKOPEHHETO Ha KypllyMa MpH yJaap BBB BOAHATA
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MOBBPXHOCT B 3aBHCHUMOCT OT bI'bjIa Ha HAaKJIOHA HAa TPAEKTOpUATAa Ha
KypIIyMa CIIPsIMO BOJIHATa MOBBPXHOCT B MOMEHTA Ha yJapa.

I'maa III EKCIHEPUMEHTAJIHO UW3CJIEJIBAHE HA
BJIUSHUETO HA ®OPMATA HA KYPUHIYMA BbPXY
PUKOIIETHOTO MY JEWCTBUE INIPU CPEHUIA C BOJHA
CPEJA

3.1. U3caenBaHe Ha BJUsIHMETO Ha ¢opmMaTra Ha Kypuiyma
BbPXY IPYNHPAHOCTTA HA CTPedATa, U3MEHEHNETO HA CKOPOCTTA U
PHUKOILIETHOTO JielicTBHE BbB BO/IHA Cpe/a.

3.1.1. Onpenesisine HA TPYNHPAHOCTTA HA 7,62X54 mm naTpoHu

M3nuTBaHETO € U3BBPIICHO C LIeJ MpoBepka (DYHKIMOHUpPAHE Ha
7,62x54 mm matpoHH ciiej MpoMsiHa Ha opMara Ha Kyplryma UM C Ie
HaMaJsiBAHE Ha PHUKOIIETHOTO My JeidctBue. llpu wusnurBaHeTo ce
KOHTPOJIMpa HW3MEHEHHMETO TPYNHUPAHOCTTa Ha TMOMAJCHUATA MO
XOpU30HTATHATA U BEPTUKATHATA OCH HA MUILICHATA.

M3nutBaneTo ce u3BbpmiBa ¢ mo 20 u3crpena ¢ Goenmpumnacu Ot
BCSIKa MOJIM(UKAIIHS HAa KypITyMa.

3.1.2. U3caeaBaHe HA M3MEHEHUETO HA CKOPOCTTA Ha 7,62x54
mm NaTpoHu

M3nuTtBaHeTo ce M3BBPIIBA C IEJ MPOBEpKa (PYHKIMOHUPAHE HA
7,62x54 mm maTtpoHH ciiej] mpoMsiHa Ha opMara Ha KypirymMa UM C I
HaMaJisiBAHE Ha PUKOLIETHOTO My jneiictBue. [lpu wu3nuTBaHeTo ce
KOHTPOJIMpa U3MEHEHHETO Ha CKOPOCTTA Ha KypllymMa Ha pa3CTOSHHE 25
METpa OT AYJIHUS CPE3.

W3mepBaHeTO ce M3BBPIIBA C U3MEPBATENIHA arlapaTypa, OCUTypeHa
ot LHATHII upe3 20 uzctpena ¢ 6oenpunacu oT Besika MoAUUKAIIS Ha
KypIIIyMa.

3.1.3. M3cenBaHe HA PUKOIIETHOTO jAelicTBHe HA 7,62x54 mm
NaTPOHU

M3nuTBaHETO € M3BBPIIEHO C LEeJ NpOoBEpKa Ha PUKOLIETHOTO
nericteue Ha 7,62x54 mm mnarpoHu cliel NpoMsiHa Ha Qopmara Ha
KypmymMa uM. llpy HM3OUTBAHETO c€ KOHTpOJMpa OposAT KypIIryMu
PUKOIIUPATIA OT BOJHATA TIOBBPXHOCT NP PA3IMYHU BIIIU HA MaJaHe OT
1° mo 15° cmpsiMo XOpHW3OHTAJIHATa paBHUHA. YCTAaHOBSBAT c€ MO Opos
MpoOOWHM BBPXY IIUTA 32 ChbOTBETHATA CEPUS;

M3nutBaneTo ce u3BbpmiBa ¢ 1o 20 u3cTpena ¢ Ooemnpumacu OT
BCsIKa MOIA(HKAIIMS HA KypIIyMa.

3.2. [locTaHOBKA Ha eKCIIEPUMEHTA.

3a ocurypsBaHe Ha U3MBIHEHUETO HA EKCIEepUMEHTa €
HE0OXO0IUMO Jla ce peniaT CJIeTHUTE 3a/1auu:

1. 360p Ha Goenpurac.

2. W3paboTBaHe Ha TEXHOJOTHMYHO OOOpyJBaHE 3a 00pabOTKa Ha
KypIIYMHUTE - TMPOCKTUpaHE W W3pa0OTBaHE HA HECTAHIAPTEH PEXKEIl
MHCTPYMEHT M HECTAaHAAPTHO MPHUCTIOCOOICHHE 3a 3aXBalllaHe Ha OMUTHUS
oOpaszerr.

3. U3paboTBane Ha KaHATH.
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4. N3paboTBaHe HA MUILICHA.

5. M3paboTBane Ha cToOlika 3a cTpenba OT Opera Ha BOJHUS
OaceiiH.

6. OcurypsiBaHe ¢ U3MEPBATEIHH CPEACTBA.

3.2.1. O01H moJI0KeHUus

LenaTa Ha U3cJIeIBAHETO € J1a CE€ YCTAHOBST 3aBUCHUMOCTHUTE:

- BIMSHHMETO Ha (popMara Ha KypIIyMa BbPXY PUKOIIETHOTO MY
JIeCTBUE BbB BOJIHA CpeJa,

- TpYNHUPAHOCTTa Ha MOMAJEHUSTA Ha KypuIrymMuTe Ha 7,62x54 mm
MaTPOHU ChC CTOMAHEH ChPACUYHUK NPU €TUHUYHA CTpenoa.

- TIpoMsHaTa Ha CKOPOCTTa Ha Kypiiyma Ha 7,62x54 mm maTpoH
ChC CTOMaHEH ChbPJCYHHK, U3MEpEHa Ha 25 MeTpa OT IYJHHS cpe3 MpHu
eIMHUYHA cTpeoa.

HeobOxoaumo e f1a ce B3eMe npeaBu/] CIeTHOTO:

- W3CIEIBAHETO € IpoBeleHO Ha LleHTpaneHn apTuiepuiicku
TEXHUYECKU u3nuTareiaeH nojurod (moxa. 26940 — Crapa 3aropa) —
pe3ysTaTUTe ca OT4YeTeHU ¢ mpotokoym ¢ per. Ne 3-18/04.01.2021 r. u
per. Ne 3-2280/13.12.2021 r,;

- B M3CJIEABAHETO cCa B3eld ydacThe crnenuaiucta ot HBY
,,B.JleBckn” u B.¢. 26940 — Crapa 3aropa.

3amaum Ha U3CJIeIBAHETO:

- eKCIEPUMEHTAIHO Ja C€ M3CJIe/Ba 3aBUCUMOCTTA BJIIMSHUETO Ha
dbopmara Ha KyplIyMa BBPXY PHUKOIIETHOTO MY JCHCTBHE BHB BOJHA
cpela TpHU pa3IMYHM BIVIM HA BIW3aHE BHB BOJAaTa NPU E€IUHUYHA
cTpenbara;

- eKCHEpUMEHTAJIHO Ja Ce€ M3CJe/lBa TPyNUpaHOCTTa Ha
nonageHuara Ha 7,62x54 mm maTpoHU CbC CTOMAaHEH CBHPACYHHUK MPHU
eIMHUYHA CTpenoa,;

- EKCHEpPUMEHTAJHO Ja C€ H3CJeJBa CKOpPOCTTa Ha Kypluyma Ha
7,62x54 MM naTpoHM CbC CTOMAaHEH CBHPACYHMK Ha 25 MeTpa cien
HaITyCKaHe Ha 1[EeBTa MPU €AMHUYHA CTPeoa;

MscTOTO 32 MpOBEKIAHE HA M3CJIEIBAHETO — IOJUIOH U BOJICH
Oaceitd BbB B.¢h. 26940 — Crapa 3aropa.

3.2.2. Ycii0BuSl, IPU KOUTO €€ MPOBEkKIA U3CJIEIBAHETO

VYcnoBusta, mpu KOUTO C€ MPOBEXKIA U3CIEABAHETO, € HEOOXOIUMO
Jla OCUTYPSIBAT:

- Crpenbata 1a ce U3BHPINBA MPU OJATONPUATHU METEOPOJIOTUIHU
ycioBusl (HOpMaTHU aTMOC(EPHH YCIIOBHUS) — SCHO U OE3BETPEHO BpEMeE
WIM B 3aKPUTHU CTPENIOUIA; TeMIlepaTypa Ha OKOJHUS Bb3Ayx 15°+ 20°;
OTHOCHUTEJIHA BJIAXKHOCT Ha Bb3ayxa 65 £5% B cwoTBeTcTBHE ¢ [SO 554-
1976. Axo ycioBusATa, NpPU KOUTO C€ MPOBEXKAA H3CICABAHETO ca
pa3iInyHU, ChUIUTE Ja ObAAT 3aMucaHu B MPOTOKOJIA;

- crpenbara 1Mo BOAHA MOBBPXHOCT Ja CE€ M3BBPLIM OT CTAaHOK 3a
OQJINCTUYHU LIEBU ,,bapHHOB®, MOHTHpAH BBPXY CIELUATHO HU3pabOTEHA
32 €KCHEPUMEHTA CTOMKA C YETHPU PETyJIHPYEMHU OIOPH, IMOCTABEHA Ha
Opera Ha BoiHUS OaceiiH B HETIOCPEICTBEHA OJIM30CT JI0 BOAATA,
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- cTpenbara 3a U3CieABaHE MPOMSHATA HAa CKOPOCTTA HA KypIIyMa
Ha 25 M OT QyJIHHA Cpe3 J1a C€ U3BBPLIM OT CTAaHOK 3a OAIIMCTUYHU LEBU
,,DAapUHOB*‘, MOHTHPaH BbpPXY OCTOHEH (PyHIAMEHT;

- cTpenbara 3a uU3CieABaHE Ha TPYNHPAHOCTTA Ja C€ MU3BBPIIA OT
CTAaHOK 3a OalMCTHUYHU LEBU ,,baprHOB, MOHTHpaH BBpPXY OETOHEH
byHIaMeHT;

- OoifHUTE mpumnacu Ja ca OCHOBHUTE 3a oOpas3ella BhOPBHIKEHUE,
HOBH, U3MPABHU, OT €/{HA MAPTHUS U FOJIMHA HA MPOU3BOJICTBO, C LIET Ja Ce
HaMaJIu BIUSHUETO HA MPUUMHUTE, MPETU3BUKBAIIY PA3]IUKa B HAUATHUTE
CKOPOCTHU Ha U3JIMTAHE HA KYyPIIyMHUTE;

- TEeMIlepUpaHeTo Ha OOWHMTE TpUIlAaCH Ja C€ U3BBPIIM B
IOMEILIEHHE C MIOCTOSIHHA TEMIIEpaTypa B IPOIBILKEHUE Ha 24 yaca npeau
U3BBPILIBAHE Ha CTpeinbdara, KaTo OOENpUIacUTEe HE C€ M3BaXAaT OT
CTaHJapTHATa UM OMAaKOBKa,

- M3MUTAHUETO Ja C€ U3BBPIIM upe3 crpenda cbe 7,62 MM
OanucTUYHA 1EB, IPeHA3HAYCHA 3a MATPOHU U 7,62x54 mm;

- pasctosiHue Ha ctpendara — 100 m (MepeHo OT JayJHHS Cpe3 Ha
1IeBTa JI0 IITUTa C MUIIICHATA);

- bI'bIl HA HAKJIOH Ha 11eBTa — 0 CIIPSAMO XOPU3OHTAIHATA PABHUHA;

- Jla c€ M3BBPIIBA OXJAXIaHE Ha LIEBTa CJeJ MPOU3BEKIAHETO Ha
Bceku 40 uscrpena.

3.2.3. Pex 3a u3BbpIIBaHe HA €KCIEPUMEHTA 32 BJUSIHUETO HA
¢popmarTa Ha KypuiyMa BbPXY PUKOIIETHOTO MY AeliCTBHEe BbB BOJHA
cpena.

3.2.3.1. IloAroToBKA HA OPBKUETO U DOENPUNIACHUTE.
3.2.3.2. U3BbpHIBaHE HA €KCIIEPUMEHTAJIHA CTPesi0a.

PesynratuTte OT pErucTpUpaHuUTE PHUKOIIETH CE€ 3alucBaT B
JTHEBHUKA HAa PBKOBOAUTENS Ha cTpendara, a ciej NPUKIOYBAHE Ha
eKcliepuMeHTa ce omnucBaT B [IpoTokosn OT mpoBeNeHU MOTUTOHHU
W3MUTBAHUS.

3.2.4. Pen 3a u3BbpUIBAHEe HA EKCIIEPUMEHTA 32 CKOPOCTTA HA
KypuiymMa Ha 7,62x54 MM nmaTpoHHM CbC CTOMAaHEH CbpPACYHHUK Ha 25
MeTpa OT JAYJIHUSA Cpe3 MPHU eAUHUYHA cTpesda.

3.2.4.1. IloaroToBKa HA OPBKMETO U DoenpuIacuTe
3.2.4.2. I3BbplIBaHE HA eKCIIEPUMEHTAJIHA CTPeJida

PesynratuTte OT mnomajgeHusTa ce€ 3alucBaT B JIHEBHUKAa Ha
PBKOBOJUTEINSA Ha CTpendara, a clie]] MPUKIIOUYBaHE Ha €KCIIEPUMEHTa ce
onucBaT B IIpoTOKOA OT MNpOBEACHW MNOJUIOHHM HW3MUTBAHUSA M ca
npeacraBeHu B Tabmuia 3.1

Tabauya 3.1.

Boenpunac /Bup/, naptuna 7,62 x 54 mm natponu I' 13-80-10
Temneparypa Ha Bb3yxa 15°C

Temmnepatypa Ha 3aps/a, TEMIIEPUPAH B 18°C
NpoAbJDKEHUE Ha 24 yaca

Howmep Ha Mojena Ha rpynara u3cTpeiu 0 1 2 3 4 B
WscTpensiau Goenpumnacu 20 |20 |20 |20 |20 |20

W3mepena ckopocT Ha 25 M Vi, [M/S] 828 | 826 | 824 | 827 | 816 | 811

39



3.2.5. Pen 3a u3BbpuIBaHe HA eKCIIEPUMEHTA 32 TPYNUPAHOCTTA
HA MONaJeHUusTa HA 7,62X54 MM NAaTPOHU CbC CTOMAHEH ChbPACYHHUK
IPU eAMHUYHA cTpeIda.

3.2.5.1. [loaroToBKa HA OPBKUETO U DOENPUIIACUTE
3.2.5.2. U3BbplIBaHE HA eKCIIEPUMEHTAIHA CTpeIda

Pesynrature OT mnomajgeHusTa ce€ 3amucBaT B JIHEBHMKAa Ha
PBKOBOJUTEINS HA cTpendaTa, a ciiel] IPUKIIOYBaHE Ha EKCIIEPUMEHTA Ce
onucaat B IIpoTokoa OT IpOBEIEHN ITOJIMTOHHYU U3ITUTBAHHUS.

3.3. MH3paGorBane Ha ¢u3nMyeckH MoAe] Ha KYpUIYM,
(popmupan MUHMMAJIHO PUKOLIETHO AeHCTBUE BHB BOJHA Cpe/aa.

3.3.1. Onucanmne Ha PU3MYECKUTE MOJEJIN.

B usnbeinHeHue Ha LenuTe, MOCTAaBEHU B JUCEPTALMOHHMS TPYZ 3a
MPOBEXJIaHE HAa €KCIEPUMEHTA ca M3pa0OTEHH MET MoJela KyplUIyMu OT
natpoH 7,62X54 ¢ paauanHM KaHaiu pa3NoOJIOKEHH Ha OIpEeleTeHU
OTCTOSIHUA OT BbpXa Ha Kypllyma MO OKMBajJHaTa 4acT Ha HOCA KaKTO

cIeaBa:

Mooen Mooer Mooen Mooen Mooen Mooden
0 1 2 3 4 5

Que. 3.1. Mooenu kypuwymu. Mooen 1: ¢ eOun kanau, paznonoxicer Ha 3 Mm om
évpxa Ha Kypuyma, Moden 2: ¢ 0ea kanana, pa3nonodxceHu Ha 3 Mm u Ha 6,4 mm om
evpxa Ha Kypuiyma, Mooden 3: ¢ eOun xanan, paznonodxicen na 6,4 Mmm om 6vpxa Ha
Kypwyma, Mooen 4: ¢ eOun kanan, paznonodxicer a 12,7 mm om 8vpxa Ha Kypuiyma,
Mooen 5: ¢ 06a kanana, pasnonoxcenu na 3 Mm u Ha 12,7 mm om 6vpxa Ha

KypUuiyma.

3aeqHo ¢ MOAMMUIMPAHUTE KypIIYMH C€ CTpeNs KOHTPOJIHA
cepusi ¢ pabpuyeH KypiryMm, onpezaenena kato Mogen 0.

3a u3paboTBaHEe HA paJUaIHUTE KaHAIU C OMpeeseH mpodui Mo
OXKMBaJIHATA YaCcT Ha KyplIyMa Ce€ H3IO0J3Ba CTPYrapcku HOX C
TBBPJOCIUIABHA IJIACTHHA, BHPXHT HA KOMTO € 3aToueH ¢ ¢opma Karo
npoduiia Ha KaHaa.

JbnOounHata Ha KaHana e ompeaeneHa Ha 0,25 MM, mpenBuf
ne0OenMHaTa Ha PU3HMIATA HA Kypliyma oT 1 MM, 3a Ja He ce HOJIy4H
paspyllaBaHe Ha pU3HUIIATA IPU U3CTPEN B CIEACTBUE HA TOJIEMHUTE CHIIH,
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JEUCTBAlM Ha KypllyMa IpU ABMKEHUETO MY B KaHaja Ha LEBTa U MPHU
yAap B LIENTA.

3.3.2. OnpeneJisiHe HA Pe:KMMH Ha psi3aHe.

3.3.3. TexHosioru4Ho ooopyaBaHe

3a u3paboTBaHe Ha KaHamuTe, (popMHUpalIl KaBUTAIIMOHHA KyXHHA
Opy yJap C BOJHA TOBBPXHOCT € H3M0JI3BaHA YHHBEPCAJIHA
MeTanopexema MamuHa. [Ipoektupan € W € u3pabOTeH CIENHAHO
3aroyeH no (opmarta Ha KaHajga HOXK. [IpoexTupaHo € U € u3paboTeHO
HECTaHJAPTHO MPHUCIOCOOJICHHE - IAHTOB JOPHUK IO pa3Mepure Ha
ruizaTta Ha Ooernpumnaca ¢ yCTOW4MBO (PUKCHMpaHe Ha MaTpoHa 3a JTYJIETO
Ha TWJ13aTa, KaTO BEHELBT ONUpPa B 3aIHUS Kpall Ha JTOPHUKA.

3.3.4. MacoBa XapaKTepuCTHKa Ha KYypPIIYM C IpPOMeHeHa
0’KMBAJIHA YACT.

WN3uncnenusaTa moOKa3BaT, Y€ HaW-roJsIMaTa pasiavuka B Macara,
KOATO C€ MOoJIy4yaBa, € MOo-MaJika OT IOJOBUHATA Ha JIOMYCKa B PAa3JIMKUTE
Ha MacuTe Ha KypulymMa U IpU YCpPEJAHEHa CTOMHOCT Ha MacuTe Ha
(paOpuyHUTE KypIIyMH, MacaTta Ha MpepadOTEeHUTE KypIIyMH OCTaBa B
JIOIYCKHUTE 3a Maca Ha Ooerpuriaca ¢ HOMEHKJIATypeH WHACKC 7,62x54
mm.

3.4. U3paboTBaHe HAa IJIABAlla MUIICHA 32 PErHCTPUPaHE HA
PHUKOILIETH HA KYPUIYMH OT BOJHA cpe/a.

3a OTYMTAHE HAa PUKOLIETUTE OT BOJHA Cpela € IMPOEKTUpaHa U
n3paboTeHa MJaBalla MUIIEHAa C LIUT ChC 3aKpeneH Ha Hero (asep c
pasmepu 1,7 mx 1,5 m.

3.5. N3paboTBaHe Ha peryjupaimia cTOiKa 3a 3aKpenBaHe Ha
CTAHOK ,,bapunos*.

3a yCTOMYMBOTO 3aKpenBaHE Ha CTAHOK ,.bapuHOB e n3paboTeHa
CTOMKa, KOSITO TIO3BOJIAIBA YCTOMYMBO (DUKCHpaHE Ha CTaHOKa,
XOPU30HTHUPAHETO MY M CTAOUIIHOTO MY CBHCTOSIHUE Ha Opera Ha BOJHHUS
OaceiiH.

3.6. Pe3ysaraTn 0T eKClIEpUMEHTAJIHOTO U3CJe/IBAHE.

3.6.1. OnpenesnsiHe Ha pe3yJaTATUTEe HA TPYNHPAHOCTTA HAa
cTpesifdaTra BB QyHKIUS HA (pOpMATA HA KYpIIyMa.

Crpenbara ce u3BbpIIBa OT OATMCTUYHA 1I€B, MOHTHPAHA HA CTAHOK
,,DApUHOB".

Onpenenst ce rpynupanHocrra Ha 100 m ot aynHHs cpe3 3a
U3MOJI3BaHaTa MapTusi Ooenpunacu 1 U3Moj3BaHaTa 0alnucTUYHA 1IEB Ype3
npousBexaaHeTo Ha 20 u3cTpesna ¢ BCEKH MOJAEI KypIIyMH.

3a CTOMHOCT Ha TPYIUPAHETO CE€ MpUeMa MOo-rojsiMaTta CTOMHOCT OT
JBETE€ U3MEPBAHUATA 10 XOPU30HTAIIHATA U BEPTUKAJIHATA OCH.

3.6.2. OmnpenesnsiHe Ha pe3yJTAaTUTe HAa H3MEHEHHETO HA
CKOpPOCTTAa BbB QYHKIUA HA (popMaTa HA KyplIyMa.

Crpenbara ce u3BbpiIBa OT OATMCTUYHA 11€B, MOHTHPAHA HA CTAHOK
,,DapUHOB*.

Omnpenenst ce CKOpOCTTa Kypuiyma Ha 25 m OT JyJIHUS Cpe3 3a
U3MOJI3BaHaTa MapTusi OOenpunacu 1 U3MoJ3BaHaTa OaNuCTUYHA 1IEB Ype3
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npousBexaaHeTo Ha 20 u3cTpena ¢ BCEKU MOJIEN KypIIyMH, C anaparypa
3a m3MepBaHe ckopoctra Ha Kyprryma Drello Bal 4040 m WEIBEL
SCIENTIFIC WinDopp 1.5.50.29.

3.6.3. Omnpeaensine Ha pe3yJTaTUTe HA PHUKOIIETHOTO
JAelicTBHE BbB BO/IHA cpelia BbB (PYHKUIMS HA (popMaTa HAa KypuIyma.

Peructpupanero Ha pe3yaTaTHTE c€ U3BBPILBA CIe/a MpedposiBaHe
Ha Oposl Ha MMONa/IeHUATa 10 MULIEHHUTE JIMCTH, IOCTABEHU BHPXY ILUTA
Ha IUIaBallaTa MUIIEHA.

H3Boan:

1. Ha 6a3aTa Ha IpoOBEI€HN TEOPETUYHHU U3CIEABAHUS U ONUTA OT
NOJIMTOHHATa IPaKTHKa € CbCTaBEHAa METOAMKAa 3a IOJUTOHHU
U3NNTBAaHUS 3a W3CJEABAHE Ha BIMSHUETO Ha (opmara Ha Kypllyma
BbPXY TIpYyNHMpPAHOCTTAa Ha cTpeiidaTa, M3MEHEHHUETO Ha CKOpPOCTTa U
PHUKOILIETHOTO ACHCTBUE BHB BOJHA CPEIA.

2. [IpoextupanuTte u U3pabOTEeHH TEXHOJOTUYHU
npucnocoOsieHnst 3a u3pabOTBaHE HaA KaHaiM 3a M3MEHEHHE Ha
reomeTpuyHata (¢GopMa Ha KypulymMa, MHILIEHAa 3a PErucTpUpaHe Ha
PHUKOLIETH Ha KypIIYMUTE OT BOJIHA CPeJla, CTOMKa ¢ MPUCIIOCOOIEHNUS 32
YCTOMYMBO 3aKpernBaHe Ha CTaHOK ,,.baprHOB* Ha Opera Ha BojieH OaceiiH
OCHUT'YpsIBaT YCIIEIIHOTO U3IbJIHEHUE HA EKCIIEPUMEHTA.

3. U3paborenuTe KaHanu BBPXYy OKMBajHaTa 4acT Ha
npepabOTEeHUTEe KypIIyMH OKa3BaT BIMSHME Ha CKOpOCTTa Ha
JBHKEHUETO MM, U3MEPEHA Ha 25 MeTpa OT IyJHHMs Cpe3, KaTO KaHaJIUTE
10 O’KMBAJIHATA YacT, Hali- OTAAJIEYEHU OT BbpXa Ha Kypuryma (Mozein 4 u
5) HamansBatT B HAl-TOJIsIMA CTETNIEH CKOPOCTTA.

A1lpu Brean Ha yaapa 2° ce HaOMOAaBa yBeJIWYaBaHE Ha
BHCOYMHATA HAa PUKOILIETUTE Ha MPepabOTEHUTE KypUIYyMH B CPABHEHUE C
TE€3H, MOJYUYEHHU MPU CTpesida ChC CTaHAAPTEH Ooenpurac, KOeTo Mmokas3pa,
ye mnpepadOTeHHUTe KYypUIyMH HE OTCKayaT OT BOAHATa MOBBPXHOCT, a
HaBIIM3aT BBB BOJHATA Cpela, ClieJ] KOETO PHUKOLIMpaT C BbIVIM Ha
PHUKOLIET, MO-TOJEMH OT BI'BIIBT Ha CpPeIlla C BOJAHATA MOBBPXHOCT.

S5.Ilpu Brmm Ha ckioHeHue Mexay 2° u 8,8° 3a maTHUTE
KypiwiymMu u Mexnay 1° u 8,7° 3a MoauduIMpaHuTe KypLIyMH Ce
Ha0JII01aBa PUKOILIETHO JCHCTBUE Clie]l HABIIM3aHE BbB BOJHATA Cpea.

6. Ilpu brau Ha ckJOHEHWE OT §,8° 3a IIATHUTE KYyPIIYMH U OT
8,7° 3a MmoauUIUpPaHUTE KypIIyMH PUKOUIETUTE 3all0YBaT Ja HaMaJlsBatT
U KypIIyMHUTE OCTaBaT MOJ] BOJAHATA MOBBPXHOCT.

7. Ilpu brau Ha ckJIOHEHUE Haja 15° 3a ATHUTE KypIIyMHU U Hal
14° 3a momuduIUpaHUTE KypIIyMH, OTCHCTBAT PHUKOIIETH W BCUYKH
KypILIyMH OCTaBaT I10J] BOJHATA MOBBPXHOCT.

I'maBa IV OBPABOTKA HA PE3YJITATUTE U OLIEHKA
HA AIJEKBATHOCTTA HA MOJEJIA

4.1. Onpenesisine HA HEOOXOAMMHUSAT MUHUMAJIEH OPOH ONMUTHHU
JaHHH.

Crnen u3BBpIIBaHE HA U3YUCIICHUSITA, 32 MUHUMAJICH OpOl OMUTHU
nanHu nomyanxme b=12,665. U36panute Opoii usctpenu B cepunte € 20
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naTpoHa 3a MOJEN 3a cepus, KOETO YAOBIETBOPSBA HEOOXOAUMHUS
MUHUMAJEH OpOil OMUTHU TaHHU.

4.2. Kputepuii 32 olleHKA HA a/IeKBATHOCTTA HA MOJIeJINTe.

[Ipu wMonenupaneTo Ha MHOTO(PAKTOPHUTE OOEKTH TOJSIMO
3HAYEHHE MMAT JIBE€ OLICHKH, KOMTO MO BPEME C€ MOJydaBaT Mpeau WIH
MapaJieIHO C OCHOBHHSI €KCIIEPUMEHT M IPENX0KJIAaT MAaTEeMaTHUYECKOTO
0o0pa0oTBaHE Ha EKCIIEPUMEHTAHUTE JAHHU: OLIEHKAaTa Ha JUCIEPCUsTa
Ha €KBUBAJEHTHOTO CMYIABAlll0 BB3JACUCTBUE € M OLEHKaTa Ha
ynpasisieMocTTa Ha o0ekTa. [IbpBara OT Te3u OLEHKU UTpac 3HAUUTEIIHA
poJii IpU MPOBEKIAHETO Ha ISUIOCTHUA CTATUCTHUUECKH aHaIM3 Ha
MoJiena, a BTOpaTa C€ M3IO0J3Ba 3a OLICHSBAaHE LEJIEChOOPA3HOCTTA OT
MOJEIIUPAHETO.

4.3. CraTuCcTHYeCKH MOJeJ HAa Mpoleca Ha HABJHM3aHE HA
KypllyMa BbB BO/JHA cpeja.

Cratuctryeckuss MOZEN Ha Mpoleca Ha HaBIM3aHE Ha Kypllyma
BbB BOJHA Cpeia MPEeACTaBIsiBa MHOTO(PAKTOPEH PErPECUOHEH MOJEN, B
CpaBHEHUE C MPHUETHUSI CTATUCTHUYECKH MOJE] MPU HOPMAJIHU yCIOBHS Ha
ctpenba. Ho mopaau clOKHOCTTA Ha KOJIMYECTBEHOTO OTYUTAaHE
MOOTJAETHO BIMAHMETO HA BCEKH €IMH OT (aKTOpuUTe OT Kiaca
KIUMAMUYHU U Opyeu npupooxu € TPUIOKEH eIHO(MaKTOpEeH MOJEN, B
KOMTO LeNMsl MpolLieC Ha HAaBJIM3aHE Ha KyplulyMa BbB BOJIHA Cpela €
MpeJICTaBEH KOMIUIEKCHO KaTo eIuH (QaKTop.

HanpaBenu ca ekCriepyMMEHTH, OTYUTAIU Oposi Ha PUKOILIETUTE Ha
KypIIyMHTE OT BOJHA cpeAa Hpu cTpenda Moj pa3iuyHU BIJIM Ha
CKJIOHEHHE KbM BOJHATa MOBBPXHOCT C Pa3IMYHU MOJEIU KypILIyMH,
BBPXY O’KMBaJIHATa YacT Ha KOUTO MMa U3pabOTEHH paJUaiHU KaHAJIH.
CraTtucTUYeCKUTE JaHHHU OT €KCIEpUMEHTa ca MpeacTaBeHu B Tadm. 4.1,
[Tpunoxenue 4.

[Ipn MozpenupaHeTO Ha MpolEca HAa HABIM3aHE HA KypIIyMa BbB
BOJ[HA CpeJla Ca U3MOI3BAHU ChIIUTE EMITMPUYHHUTE 3aBUCHUMOCTHU KAaTOB T.
2.2, KOUTO UMAaT BHUA

Ve, = ax (4.20)

Pr, =ax*+bx+c (4.21)
Pr, = ax> +bx*+cx+d (4.22)
Py, = aeb* (4.23)

Pr, = ae?* + ce®™ (4.24)

3a 00paboTBaHE HA JAaHHUTE € U3MOJI3BAH COPTYEpHHUS TPOIYKT
“Matlab - version 7.0”. IIpunoxkeHara mpoieaypa 3a perpeCUOHEeH aHaIu3
Ha CTAaTUCTHYECKUTE JAaHHU W HW300p HA Hal- MOAXOMSIIUS MOJEN €
omucana monpo6Ho B rTnaBa II, T. 2.2. IlomydeHuTe pesynratu 3a
OLICHKHTE Ha KOC(PHUIMEHTH Ha perpecuoHHute ypaBHenus (4.20, 4.21,
4.22, 4.23 u 4.24) ca nocoyenn B Tabmuiu (4.1, 4.2, 4.3, 44 u 45) u
rpadukuTe UM ca mocouenu Ha ¢urypu (¢ur. 4.1, pur. 4.2, gur. 4.3, dur.
4.4 u ¢wur. 4.5).
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Haxrnow wa yewra [deg)

Que. 4.2. Cpasuasane Ha
excnepumMeHmantume OaHHU ¢ U3HUCIeHume
N0 6MOPO pecpecuonio ypasnenue Py, =
—0,6023x2 + 13,3x + 653,4 dannu.

S—

Que. 4.1. Cpasuasane Ha
eKCnepuMeHmanrHume OaHHU ¢ USHUCTIEHUmME
N0 NBPEO PEPECUOHHO YPAGHEHUE Ty =

70,92x oannu.

RST——
Que. 4.4. Cpasnsasane na
eKCnepuMeHmanHume OaHHU ¢ U3HUCIEHUme
N0 4emebPMOo pecpecuonto ypasnenue Yy, =
682,1e9005266.x qppy.

PE—
Que. 4.3. CpasHsasane na
EeKCnepUMEHMANHUmMe OAHHU C UYUCTIeHUmE
N0 Mpemo pezpecuonto ypasHenue Py, =
0,1178x3 + (—3,471)x? + 32,65x + 623,5
OanHuU.

Haxknou Ha yeera [deg]
Que. 4.5. CpasHsaeane na
excnepuMeHmanHume OaHHU ¢ U3HUCIeHUme
N0 NEMo pezpecuonto ypasHenue Yy =

711,2e%001387% 4 (—162)e 0847 ggupy.

4.4. Moagen Ha PpHUKOIIETHOTO /JAelicTBHE HA OOMKHOBEH
KYPLIYM CpeleH KaauObp 3a CTPEJIKOBO OPbiKHUe.

HanpaBeHusaT exkcnepuMEeHT M YCTAaHOBEHATa HMHTECH3MBHOCT Ha
PUKOLIETUTE HA KypIIyMa OT BOAHA CpPeAa NMPHU Pa3IMuHM bIJIM Ha Cpella
C BOJHATa TOBBPXHOCT HHU JaBa OCHOBAaHME Ja C€ W3BbBpPIIU
CTaTUCTUYECKO MOJICIMpPAHE Ha Mpolieca Ha HaBJIM3aHE Ha KyplllymMa BbB
BOJIHA cpeaa. Upes mpuiiarane TeOpusiTa Ha CTATUCTUYECKUS aHATIA3 MOXKE
Jla C€ YCTAaHOBU TOYHOCTTA Ha OLICHKUTE MOJy4yaBaHU OT Mojena. OieHka
Ha TIOJIyYCHUTE MOJIENIM C€ OCBIIECTBSBa Ha 0Oa3aTa Ha TOKA3aTEIUTE
naneHy B Tabauna 4.6

Tabnuya 4.6

Buja na mojena SSE R-sguare |DFE |Adj R-sg |RMSE
9y, = ax 1,659.10% |-2255501 | 16 |-225,5501 |312,1502

Pr, =ax*+bx+c  [1,1475.10° | 0,8332 14 0,8094 9,0534

e _ 3 2

Yoy = aX7 bi d+ 13726016 | 00458 | 13 | 009333 | 53543
Px, = ae* 2,9343.10% | 0,5736 15 0,5452 | 13,9863

P, = ae* + ce™ 15,3713 0,9978 13 0,9973 1,0874

44



CpaBHEHHUTE EKCIIEPUMEHTUPAHN PETPECHOHHH YPaBHEHHsS ca
npeacTaBeHu Ha ¢ur. 4.6.
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Que. 4.6. I papuuno cpasnenue na mooerume 6 3a8UCUMOCTL OM eKCNEePUMEHMATIHUME
OQHHU.

Ha ocHoBaHMe Ha W3YUCICHUTE OLEHKH, PETPECHOHHOTO
ypaBHeHue (4.24) ce mpuemMa 3a MaTeMAaTHYEeCKHM MOJEN, OIKMCBAII
Bpb3KaTa Ha YCKOPEHHUETO Ha BJIM3aHETO Ha KypllyMa BbB BOJia U BI'bla
Ha cpelia ¢ BOJHATA MOBbPXHOCT.

70— a——asm e

YcKopeHue Ha Kypliyma npu

/ *  eKCiepUMEeHTaNHU AaHH!
/ — M34MCNEHN AaHHM

cpella ¢ BogHara cpeaa [m/szl

5 10

HaknoH Ha uesTa [deg]
Due. 4.7. Cpasuseane na excnepumeHmannume OAHHU ¢ USYUCTEHUME NO
peapecuonnomo ypastenue . = 711,2.e%001387% 4 (—162)e“0847)% gapyy sq
cmandapmen boenpunac.

4.5. Moaes1 Ha PUKOUWIETHOTO [eMCTBHE HA KYPIUYM CpeleH
KaJIuOBp 32 CTPEJKOBO OpbXKHE ¢ HM3MEHEHa TreoMeTpHusl Ha

— Que. 4.8. Cpasusisane na
eKxcnepumMeHmannume OaHHU ¢
usyucIeHume no pecpecuoHHomo
ypasnenue Py, = 709,1.e%001536x 4

(—178,2)e "O8438)% \uuny 3a Goenpunac,
Mooen 1, c uzmenena ceomempus Ha
0XICUBANIHAMA Yacm ¢ Kanaa ua 3 Mm om
8bPXA HA KYpULYMA.
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Haxnon va uewra (deg] H ara [deg]

@ue. 4.9. Cpasussane na Que. 4.10. Cpasusasane na

eKCcnepumMenmaniume OAHHU C eKCnepumMeHmanHume OaHHuU C
U34UCIeHUme no pecpecuoHHoOmo uyuUcIeHume no pecpecuoHHomo
ypasHeHue }’}xs = 702,7.60,001992.x + ypasHeHue y‘xs = 706,1. 60,001748.x +
(—226,3)e(798339% ygupy 34 (—200,9)e(708392)X 34111 34
boenpunac, Mooen 2, ¢ usmenena boenpunac, Moden 3, ¢ usmenena
2eoMempus Ha 0JCUBATIHAMA YACT C 2e0Mempusl Ha OAHCUBATIHAMA YACT C
Kanaau Ha 3 mm u 6,4 mm om 8vpxa Ha Kauan Ha 6,4 Mmm om 8vpxa Ha Kypuiyma.

KypuLyma.

* sccnepunsesTan 2sH -

Haxnor a uesTa [deg]

Que. 4.11. CpasHnasane Ha
eKxcnepumenmanuume OaHHU ¢
u3yUcIeHume no pecpecuoHHOmo
ypasnenue Yy = 697,6.¢0002352x 4

Que. 4.12. Cpasnasane Ha
eKcnepumMeHmanHume OaHHu ¢
usqUCIeHume no pecpecuoHHOmo
ypashenue Py = 691.e%002813% 4

(=262,8)e 0826V a0 50 (—308,6)e 0818 \upyuy 3a 6oenpunac,
boenpunac, Mooden 4, c usmenena

2eomMempusi Ha OHCUBAIHAMA YACM C
Kanan na 12,7 mm om evpxa Ha

Kypuiyma.

Mooen 5, c usmenena ceomempus Ha
024CUBATIHAMA YACM C KAHANU HA 3 MM U
12,7 Mmm om 8vpxa Ha Kypuiyma.

4.6. CpaBHMTeJIeH aHAJIM3 HAa H3CJeJIBAHMTE YPABHEHHS HAa
npoieca Ha HABJIM3aHe BbB BOJIHA Cpe/a.

[Ipy u3BBpIIBAaHE HAa CPABHUTEIEH AaHAJIU3 Ha W3CJIEABAHUTE
ypaBHEHHUS HAa U3MEHEHHETO Ha YCKOPEHUETO ce HaO0JaBaT CICIHUTE
3aBUCUMOCTH:

- Ilpy enuH TrTpagyc HAKIOH Ha LEBTa CTOMHOCTUTE Ha
YCKOPEHHETO IIpH Cpelta ¢ BOAHA Cpeia Ha Pa3IMYHUTE MOJEIN KypIIyMHU
C IPOMEHEHA IEOMETPHUS HAa O0XKMBAJIHATA YACT Ca PA3JIU4YHM, KaTO Hau-
BHCOKA € CTOMHOCTTAa HAa YCKOPEHUETO HA CTAHJAPTHUTE KYPIIyMHU.

- Ilpu HamruMe Ha eqUH KaHaJl CTOMHOCTTA HAa YCKOPEHUETO € T10-
rojsiMa OT Ta3d Ha Kyployma C JBa KaHaja (YCKOPEHHETO Ha KypIIyM C
kaHam Ha 3 u 6,4 MM OT BbpXa Ha KypurymMa Mojen 2, € mo-Majko OT
yCcKOopeHueto Ha Kypmiymu Mogen 1 m Mogen 3 ¢ enWH KaHaln Ha
YKa3aHUTE OTCTOSHMUS OT Bbpxa Ha KypurymMa. ChIIOTO C€ OTHAcCS W 3a
KypIIyM Cc KaHaiau Ha 3MM 1 Ha 12, 7 MM, Mogen 5).

- C yBenuuaBaHe Ha BI'bJAa HA Cpellla C BOJHATAa MOBBPXHOCT,
pa3yIMKaTa B yCKOPEHHMTA HA MOJEIUTE HaMaJIsBa.
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N

——0 - cTaHAapTEeH KypLwyMm
1 - kypwym Mogen 1
2 - kypwym Mogen 2
——3 - kypwym Mogen 3
4 - xypwym Mogen 4
5 5 - kypwym Mopen 5

YcKopeHne Ha Kypluyma npu
g
T

cpella ¢ BoaHa cpeaa [m/szl
g 8 8§ 2 8 8 3@

& N ®ao

g

HaknoH Ha ueeta [deg]

Que. 4.13. Cpasnasane na uzducieHume OAHHU 3a pasiuyHume mooeau boenpunacu, ¢
UBMEHEeHA 2eOMempUsl HA OHCUBATHAMA YACT HA KYPULYMA, C U34UCTIeHuUme OaHHU 3a
cmanoapmeH Kypuiym.

4.7. OneHka Ha aJeKBAaTHOCTTA Ha MoOjeJia HA W3MEHEeHHe Ha
YCKOpeHHeTOo BbB PYHKIUA HA (popMaTa HA KyplIyMa.

[IpenBua moay4aBaHETO HA KOPEKTHU PE3YJITATH M ChKpalllaBaHE
Ha BPEMETO 3a pellaBaHe Ha 3aJauylTe Ca peAU3UPaHU CIICIHUTE
nporeaypu upe3 “Statistics Toolbox” Ha “Matlab - version 7.0:

Pesynratute cnen M3MBJIHSABAHE HAa M3YUCIUTEIHATA MPOLETYpa

3a CTATUCTUYECKU aHAJIU3 Ha ypaBHEHUSTA 32 PA3IMYHUTE MOJICIU U MIPU
noBepuTeseH narepai 95% ca nanenu B Tadu. 6.1, 6.2, 6.3, 6.4, 6.5u 6.6
OT MIPUJIOKECHUE 6.

————

e e s
5 et e g P 2

e o

Haxnon na uesta [deg]

Que. 4.14. Pesynmamu om
obpabomkama Ha
cmamucmuyeckume oantu 3a Mooen
0 npu 0osepumenen unmepsan 95%.

Que. 4.15. Pesynmamu om
obpabomxkama Ha
cmamucmuyeckume oanHu 3a Mooen
1 npu dosepumenen unmepsan 95%.

%

Que. 4.16. Pesynmamu om

Que. 4.17. Pezynmamu om
obpabomkama Ha

obpabomxama Ha

cmamucmudeckume oannu 3a Mooen
2 npu 0osepumenen unmepsan 95%.

cmamucmuyeckume Oannu 3a Mooen
3 npu dosepumenen unmepsan 95%.
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Harcton na eara [deg]

Que. 4.18. Pesynmamu om
obpabomkama Ha
cmamucmuyeckume oannu 3a Mooden
4 npu oosepumenen unmepsan 95%.

Que. 4.19. Pezynmamu om
obpabomkama Ha
cmamucmuyeckume dannu 3a Mooen
5 npu 0osepumenen unmepean 95%.

[Ipu pa3paboTBaHETO HA CTATUCTUYECKUTE MOJIETN HA PUKOIIMpPAHE
€ wu3Noj3BaHa 0aszara OT JaHHU CbCTaBE€HA OT pE3yJITaTUTEe Ha
excnepumenture, nposeaeHu B LIATUII npu temneparypa Ha OKOJHaTa
cpema +20°C.

CpaBHHUTEHUAT aHAIW3 HA PE3YJNTATUTE OT H3CJEIBaHUATA Ha
HABJIM3aHETO BBB BOJA HA CTAaHAAPTHU M NPEpadOTEeHH KypIIyMH, JaBa
OCHOBAHME J1a C€ HAIPABST CJIETHUTE U3BOJINU:

1. Ctpyktypara Ha eMIOUpHYHaTa 3aBUCHUMOCT, OINMCBalla
Ipolieca Ha HABJIM3aHE, € €Ha U ChIlla, KaKTO 3a CTaHIAApTHH, Taka U 3a
pepabOTEeHH KypUIyMH.

2. Paznuuuero Ha w30paHus MOJEN C€ ChCTOM B OLICHKUTE Ha
KOe(DUIIMEHTUTE Ha PETPECUOHHUTE YpaBHEHUS.

3. [Ipn HaBnmM3aHe BBHB BOJHA Cpela, KypPIIYMHUTE C paJHalHA
KaHAJIM 0 OKMBAJIHATA YacT MPEIU3BUKBAT MO-MaIbK OpOMl PUKOIIETH
Py MO-MaJKW BIVIM U HE CHh3/1ABAT PHUKOIIETH MHPHU IMO-MAJIKU BIIU B
CpPaBHEHHE ChC CTAaHAAPTHUTE KypPIIyMHU.

4.8. O0paGoTKa Ha pe3yJTATUTE U OLlEHKA HA TPYNHPAHOCTTA
HA TMONAJEHUSTA NMPH eIUHUYHA CTpesda ¢ KypuHIyM ¢ M3MEHeHa
reoMeTpHUs HA 0:KUBAJHATA YaCT.

CorimacHo Mertoauka 3a TOJUTOHHU HW3IUATBAHUS CE€ OMNMpENEIs
rpynupanocrra Ha 100 m oT OynaHUS Cpe3 3a M3MOJI3BaHATa MapTHUS
Ooernpunacu M M3MoJ3BaHaTa OaNIMCTUYHA LIEB Ype3 MPOU3BEKIAHETO HA
20 u3cTpena ¢ BCEKU MOJIEN KypIIyMHU.

3a OlEHABaHE CTOMHOCTTAa Ha TPYNUPAHOCTTA HAa CTPEIKOBOTO
OpBXKHE € MPHUETO ChlaTa Ja ce pasriexjaa, Karto Kpbr C JUAMEThp —
D1oo, B koitiTo momanat 100 % ot momagenusita. C 1en mo-mperu3HO
U3CJIe/IBAaHE Ha W3MEHEHUETO Ha TPYNHUPAHOCTTA, TS C€ pas3riexiaa, He
KaTo KpPbI, a KaTo eJuIca Ha pa3ceiiBaHe, KOSATO Ce CbCTOM OT roJjiiMa U
Manika oc (purypa 2.10). 3a cToOWHOCTM Ha JuaMeTbpa Ha Kpbra Ha
rpynupanoctta (D;go) ce mpuemMa CTOMWHOCTTA Ha MO-TOoJsiMara OT JABETE
OCH.

HeoOxoaumo € 1a ce M34rciau CTOMHOCTTA Ha Pa3CTOSHUETO MEXKIY
KOOpPJIMHATUTE HA TOYKUTE HA MomnajeHusTa. ToBa MOXke Ja ce MOCTUTHE
OCPEICTBOM (HOPMYITUTE:

- 3a BEpTHUKaJIHAaTa paBHHUHA:
AY = Yax — Ymin  [mm] (4.37)
- 33 XOpU3OHTAJIHATa pABHUHA:
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AX = Xmax — Xmin ~ [mm] (4.38)

3a Mmo-Mpeur3HO ONpeAessiHE Ha CTOMHOCTUTE Ha TojsMara u
MaJIKaTa OC Ha eJIMIicaTa Ha pa3ceiiBaHeTo € HEOOXOAMMO Jia Ce MPOBeAatT
EKCIIEpUMEHTAJIHU CTpPEeIOM, NpH KOUTO M€ C€ TMOoJIydaT TEXHUTE
CTOMHOCTH 3a U3MOJI3BaHaTa MapTusi OOMHU MPUTIACH.

Cnen ompenensiHe Ha CTOMHOCTUTE Ha rojisiMaTa M MajikaTa oc Ha
enuIcata Ha pasceliBaHeTo, u3snojsBaiiku dopmymu 4.37 u 4.38, ce
ompesens CTOMHOCTTa Ha JauaMmerbpa Ha rpynupaHoctTa (Digo). 3a
CTOMHOCTH Ha JMaMeThpa Ha TPYNUPAHOCTTA CE€ MpHUEeMa CTOMHOCTTA Ha
MO-TOJIsIMaTa OT JIBETE OCH.

WN3mepennTe KOOpAMHATH HA MOMAJCHUATA HAa KYpPIIYMUTE MpHU
NPOBEACHUTE EKCHEPUMEHTH Ha TPYNUPAHOCT Ha TNONAJACHUATA ca
npencraBeHu B Tabnuna 8.1 Ha npunoxkenue 8.

PesyntaTtute OT WM3BBPIICHUTE HW3UYUCICHUS, ChIJIAaCHO (HOpMyIH
4.37 n 4.38 ca nagenu B TabOmuna 13.

Tabnuya 13
Ne Bun na
10 KypLIYMUTE B AX AY
pen cepusiTa
1. | Mozen O 96 104
2. | Monen 1 93 196
3. | Mogen 2 101 152
4. | Mopen 3 124 145
5. | Moznen 4 128 174
6. | Mogen 5 105 130
H3BoaM:

1. 30paHusiT CTaTUCTUYECKU MOJIEN Ha MpOoIeca Ha HaBJIM3aHE Ha
KyplilyMa BbB BOHA cpena (4.24) e ajieKBaTeH U OMKCBA C JIOCTOBEPHOCT
R-sguare=0,9978 3a ¢abpuuHus M 3a BCUYKH MOJENU MNpepaboTeHu
KypIIyMH, KaTO pa3ihKaTa ce€ 3aKjiiovaBa B KOS(QUIIMECHTUTE Ha
PETPECHOHHOTO YpaBHEHHE.

2. YCKOpEHHEeTO TpH yJap ¢ BOJAHATa Tperpaga 3aBUCH OT
pa3MoJIOKEHUETO M Oposi Ha KaHAIWTE M3Pa0OTEHU BHPXY OKHUBaJIHATA
9JacT Ha KypIlyma, KaTo KaHaJIWTE Pa3MoJOXKEHH MO Ha3aJ OT BbpXa Ha
KypIlTyMa OKa3BaT MO-TOJIIMO BIMSIHHE BHPXY PUKOIIETHOTO JCHCTBHE.

3. 'pynupanoctTa Ha ToMaJCHUATA MPU CTpesda BHB BB3IYIIHA
cpena ce BiaMs€ OT Oposi U Pa3NoOJIOKEHHETO Ha KaHaJWTe, KaTo
OTKJIOHCHHETO OT TPYMUPAHOCTTAa HA CTAHJIAPTHUS Ooempuriac € Haii-
MaJIKO TIPU MOJIEIUTE C JiBa KaHaja (Mojen 2 U 5) v IpynupaHoCTTa Ha
MOJZEN 5 Cc€ OTKJIOHSBAa B Hal-Majka CTEIEH OT TIPyNHPAaHOCTTa Ha
CTaHIapTHUS Ooernpumnac.
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3akioueHue.

@dakTopuTe, OKa3Ballld BIUSHUE BHPXY PUKOLIETHOTO ACHCTBHE
Ha KyplIyMa BbB BOJIHA CPeAa Ca: YCKOPEHHETO Ha KyplIymMa B MOMEHTA
Ha cpenia ¢ BOJAHATA ITOBBPXHOCT, BI'BIBT, KOUTO CE CKIIOYBA MEXKIY
JonypaTenHaTa KbM TPAeKTOpHATAa HAa KypllymMa M paBHUHATA Ha
BOJIHATAa MOBBPXHOCT B MOMEHTA Ha Cpenia ¢ BOJHATa ITOBBPXHOCT,
(¢opMaTa Ha yesHaTa 4yacT Ha KypIlIyMa.

N3paboTeHuTe MO OXMUBAJIHATA YacT Ha KypllyMa KaHaJIU
OKa3BaT BIUSHUE BbPXY U3MEHEHHETO HA CKOPOCTTA, IPYNUPAHOCTTA HA
IIONa/ICHUATA BbB BB3IyIIHA CPEJla U PUKOLIETHOTO JEHCTBUE BbB BOJIHA
cpela, KaTo KypIIyMHUTE C KaHaJIM, Pa3lOJOKEHH HAa OKMBAJHATA YacT
Hall-OTAAQJIedeHH OT BbPXa, IOKA3BaT HaW-ONM3KU pe3ynTatu J0
KEJIIAHUTE CTOMHOCTHM Ha OAJIUCTUYHUTE U  XUAPOOATUCTUYHUTE
IapaMeTpH.

CratucTuyecku  OmpeneneHara  eMIOMPUYHA  3aBHCUMOCT,
ONMCBAILIA IIPOLIECa HA HABJIM3aHE BbB BOJHA CPENA, CTPYKTYPHO € €IHA
U ChIllA, KAKTO 32 CTAaHAAPTHHU, TaKa U 3a NpepabOTEeHU KypIIyMHU, KaTo
pa3IMYMETO C€ u3pa3siBa B OLEHKUTE HAa KOEPUIMEHTUTE Ha
PErPECUOHHOTO YPaBHEHHUE.

Ilpy HaBnu3aHe BBB BOJHA Cpelna, KypLIYMHUTE C paavuaiHU
KaHaJM 10 OKMBAJHATAa 4acT MPEJU3BUKBAT MO-MadbK OpOi PUKOIIETH
IIPU IIO-MAJIKHU BIJIM U HE CH3JaBAT PUKOLIETH IIPU IIO-MAJIKU BIJIA B
CPaBHEHME CbC CTAHIAPTHUTE KYypPIIYMH, KOETO C€ IBJDKU HA BIUSHUETO
Ha KaHaJIUTE BbPXY PUKOILIETHOTO ACHCTBHUE HA KyplIyMa.

CepuiecTByBalIUTe  KaBUTUpALM  Ooempumacd  JIOMycKar
MUHUMAaJIEH OpOoN pPHUKOILIETH, HO IMPUTEXKaBaT BJIOLICHH OaTUCTHUYHU
KAaueCTBa BbB Bb3/IyLIHA Cpea.

[Ipn orpaHnyYaBaHe HAa PUKOLIETHOTO JEKWCTBUE OT BOJHA Cpela
Ha CTaHJapTeH Ooernpunac ype3 npepaboTeHa YesiHa 4acT Ha KyplIyMa,
ce HaOJt0JaBa MUHUMAJIHO M3MEHEHHWE Ha BBHIIHO OaJIMCTUYHUTE
napamMeTpH, KOETO TII0Ka3Ba [O-YCNEIIHO 3ana3BaHe Ha OoHHUTE
XapaKTEPUCTUKU Ha MpepabOTeHUs CTaHIApTEeH KypIIyM B CPaBHEHHUE C
KaBUTHPAILLAS.

Bbpost Ha kananurte, U3pabOTEHH BBHPXY OKMBaJIHATA 4YacT Ha
KypIllyMa, HE OKa3Ba CHIIECTBEHO BIMSIHHE BbPXY OAIMCTHUECKHUS MYy
KOe(UIUMEHT, a 3aBUCH B MO-TOJsIMa CTENEH OT Pa3MOJI0KEHUETO Ha TI0-
OTJAJIEYEHHUsI OT BbPXa Ha KypIllyMa KaHal.

3aKbCHUTEIHOTO JABW)KEHUE Ha KypUIyMa B KaBUTallMOHHAaTa
KyXWHATa BIJIMSE€ BBbPXY IMOABOJHATA MY TPACKTOPHUs M BIVIOBUSA MY
UMIYJC U BOAM IO BB3HMKBAHETO Ha Je()OPMALIMOHHU HAIIPEKEHUS B
KOPILyCHHUTE €JIEMEHTH Ha KypIIyMa.

MN3BeneHo €  ypaBHEHHE, OIKACBAIlO  BPbB3KAaTa  MEXIY
YCKOPEHMETO Ha KypllymMa IpU yAap € BOJHATa IIOBBPXHOCT B
3aBUCUMOCT OT bI'bJIa HA HAKJIOHA HAa TPAEKTOPUATA B MOMEHTA Ha yapa
U OanucTUYeCKus KOe()UIMEHT Ha ChOTBETHUS MOJIEN KYPIIyM.
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ChbcTaBeHH ca ypaBHEHHMs Ha YCKOPEHHETO Ha KypllyMma Mpu
yAap BBB BOJHATa MOBBPXHOCT B pe3yarar Ha o0paboTeHHUTE
CTaTUCTUYECKU JIaHHW, BBB (YHKIUS HA brbjia Ha HAKIOHA Ha
TPaeKTOpHUsTA HAa KypIllyMa CIIPSIMO BOJHATA MOBBPXHOCT.

OnpeneneH € KPUTUUHHUAT BIBJI, KOUTO MMa cTOMHOCT 15° 3a
IIaTHUTE KypuyMu U 14° 3a MoauduuMpaHUTE KypIIyMH, NpPU KONTO
OTCHCTBAT PHUKOIIETH M BCUYKMA KypUIYyMH OCTaBaT TIOJ BOJHATa
MOBBPXHOCT.

N36paH e ctaTUCTUYECKH MOJEN, KOMTO € afeKBaTeH M OIUCBa
Ipoleca Ha HaBJIM3aHE Ha KypllyMa BbB BOJHA cpena 3a GpaOpuuHus U
3a MOJEIUTE Ha MpepadOTEeHUTE KypLIYMH, KaTo pas3jiukara ce
3aKJII0YaBa B KOS()ULMEHTUTE HA PETPECUOHHOTO YPABHEHHUE.

['pynupaHocTTa Ha NOMageHUSATa MPHU CTpeda BbB BB3IYIIHA
cpela 3aBUCHM OT Oposi W pasloJIOKEHHETO Ha KaHaJluTe, Karo
OTKJIOHEHHETO OT IpYNUPaHOCTTa Ha CTaHJAapTHHUs Ooenpuriac € Haii-
MAaJIKO IIPU MOJIETIUTE C J[Ba KaHAaJa.
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FEATURE OF THE DISSERTATION WORK
1. Type of dissertation work

Research work printed in its essential part, covering a comprehensive
scientific problem with the staging of objectives and tasks, proven by
theoretical studies and experimental results. Models and methodologies
have been developed, their own experiments have been conducted and
relevant analyses and conclusions have been made.

2. Actuality and importance of the dissertation work

In many cases, the ricochet phenomenon has been used and managed
to achieve better results, but in certain situations it can be dangerous and
even deadly. The bullet loses some of its energy, changes its trajectory, and
eventually its integrity is compromised. For these reasons, it is necessary to
limit the occurrence of unwanted ricochet, and for this purpose it is
necessary to study the conditions for ricochet from different types of
surfaces and to bring out dependencies describing the conditions of its
occurrence, the way in which it is managed or prevented.

In artillery firing, ricochet firing is used to obtain an air rift after
encountering the projectile with the ground (water) barrier. The rift of
ricochet by living force and fire remedies in the open air and in open
trenches is much more effective than earth's, as the area of action of the
oscillas increases.

Ricochet shooting is used in combat aviation to inflict significant
damage on overwater ships during a ricochet bomb.

Despite the long-standing practice of using ricochet, its appearance
in contact with a water surface is not sufficiently studied and the existing
mathematical models do not fully clarify the process. Partial studies and
experimental results have been published in some specialised
publications[107][108][128], but do not affect in detail the entry of the
bullet into water, its movement and the departure of the aquatic
environment as a result of ricochet.I'pemka! W3ToYHMKBT HAa
npenparkara He e HamepeH.I'pemika! U3TOYHMKBT HA IpenpaTKkara He
e HamepeH.I'pemika! U3TOYHUKBT HA IpenpaTKaTa He € HaMepeH.

The study of phenomena arising from ricochet from the aquatic
environment helps in the analysis of factors that affect the stability of the
bullet when moving in different environments. The analysis of factors can
be used to define requirements for the shape of the bullet to improve its
movement in environments of different density and limit to the maximum
extent the receipt of ricochets. Obtaining a bullet with a shape that meets
the required striking action in environments of different density is a
problem of extreme theoretical complexity. It requires solving three tasks
at the same time — the task of the external ballistics, the task of meeting the
bullet with the aquatic environment, determining its shape to limit the
ricochet and the task of its stable movement in the water under cavitation
conditions. [108] [128]I'pemka! U3TOYHHKBHT Ha NMpenpaTKara He e
HamepeH.I'pemka! U3TOYHUKBT HA MPENPATKATA HE € HAMEPEH.



In the development of the dissertation work, the following scientific
approaches are used: analysis and synthesis, systematic approach,
mathematical modeling, etc.

The mathematical apparatus applied for the development of
analytical models uses: matrix algebra, differential algebra and statistical
analysis.

3. Subject and subject of the dissertation work

The subject of the study is a bullet of a ammunition with a
nomenclature index of 7.62x54 mm.

Subject of the study: assessment of the influence of radial ducts
made on the ogive of the bullet on its ricochet action when hit in the aquatic
environment.

4. Purpose and tasks of the dissertation work

The purpose of the dissertation work is to study the influence of the
shape of the bullet on its ricochet action in encountering an aquatic
environment and to increase the anti-ricochet action of the bullet of an
existing ammunition, the grouping of which is within the norms for
grouping the hits for the respective shooting system.

Tasks of the dissertation work:

1.Create a theoretical model of the shape of the bullet in order to
increase its anti-ricochet action when shooting on a water surface.

2.Perform an experimental study of the influence of the shape of the
bullet on its ricochet action when shooting on a water surface.

3.Assessment of the adequacy of the theoretical model of the shape
of the bullet developed in order to increase its anti-ricochet action when
shooting on a water surface.

5. Methods of study

In the development of the dissertation work, the following scientific
approaches are used: analysis and synthesis, systematic approach,
mathematical modeling, etc.

The mathematical apparatus applied for the development of
analytical models uses: matrix algebra, differential algebra and statistical
analysis.

6. Contributions

On the basis of the analysis carried out and the models synthesized,
the experimental studies carried out, the results obtained and the
conclusions drawn from them, the following contributions may be defined:

Scientific and applied contributions:

1. Further developed the theory of determining the ballistic
coefficient, in the presence of radial ducts along the ogive of the bullet.



2. The theory for determining the acceleration of the bullet when
entering the aquatic environment is further developed, taking into account
the influence of the ballistic coefficient and the angle of encounter with the
water surface.

3. A statistical model has been developed to study the change in the
acceleration of the bullet when entering an aquatic environment, taking into
account the influence of the angle of encounter with the water surface.

4. A methodology for polygon tests has been developed to study the
influence of the shape of the bullet on the grouping of the shooting, the
change in the speed of the bullet and its ricochet action in the aquatic
environment.

Applied contributions:

1. It has been experimentally found that the presence of radial ducts
along the ogive of the bullet leads to adecrease in ricochet activity in the
aguatic environment.

2. A procedure for testing the ricochet action in the aquatic
environment, the grouping of hits and the change of the speed in the air
environment of an ammunition bullet with nomenclature index 7.62x54
mm has been developed.

3. Physical models of a 7,62x54 mm bullet have been created with
an altered shape of the ogive in order to reduce ricochet action in the aquatic
environment.

4. Technological equipment has been designed and constructed to
provide an experimental examination inane and to produce physical models
of bullets on a 7,62x54 mm nomenclature index, with an altered shape of
the ogive.

8. Approbation

The results of the theoretical and experimental research were
reported and discussed at the Scientific Session of the Faculty of Acrtillery,
Air Defense and CIS at the “Vasil Levski” National Military University in
the town of Shumen, Department of Armaments and Equipment in 2018,
Annual University Conference with International Participation ,,Current
security issues* in 2019 of the “Vasil Levski” National Military University
- Veliko Tarnovo, , X Scientific Conference Logistics and Public Systems
”in 2021 of the “Vasil Levski” National Military University - Veliko
Tarnovo*

9. Structure and volume of thesis work

The dissertation work consists of: introduction, four chapters,
conclusion, list of scientific publications on the subject, list of literature
used, annexes.

The dissertation work is in a volume of 142 pages, with 30 tables, 35
pieces of figures, 22 pages of applications. The literary reference includes
132 literary sources.






SHORT CONTENT OF THE DISSERTATION WORK

Chapter I ANALYSIS OF FACTORS AFFECTING THE
RICOCHET ACTION OF THE BULLET FROM A WATER
SURFACE

1.1. Ricochet action of the bullet.

The ricochet occurs when the speed vector of the center of the bullet
mass [CG] at the time of encounter with the target is oriented in a direction
other than that of the target and is characterized by small angles of the
encounter (defined as the angle between the tangential surface vector and
the vector of the speed of the center mass of the projectile). The angle of
inclination of the trajectory of the centre of the bullet mass relative to the
plane of the target at the time of impact and the mass of the bullet, as well
as the geometry, inertia and properties of the target.

There is a threshold of the angle of impact (critical angle) beyond
which the ricochet cannot occur. I'pemika! I3TOYHAKBT HA penpaTKaTa
He e HamepeH. Then the bullet slams into the target or defragments.

When the bullet hits a surface, at an angle smaller than the critical
one, the bullet will ricochet off the surface instead of penetrating it. After
the ricochet, the bullet will lose a significant part of its speed and invariably
lose its stability. The trajectory of the bullet becomes unpredictable, and it
can cause damage in random directions. Predicting the value of the critical
angle for each bullet/surface configuration is extremely difficult. Factors
such as bullet shape, construction, speed and the properties of the surface
from which the ricochet affects the result.

The parameters influencing the potential for ricochet are very varied.
It is difficult to establish any rigid and rapid rules on the conditions for the
occurrence of ricochet. Therefore, empirical studies should be carried out
on a case-by-case basis. However, there are several summaries that can be
applied.

1. In most cases of bullets ricocheting from a hard surface, the
ricochet angle is significantly less than the angle of fall. In the case of hard-
shell bullets, high-speed bullets hitting brittle material such as stone or
concrete, the ricochet angle is not always less than the angle of fall. If there
is enough cratering of the surface when a bullet hits, the exit plane of the
crater will have a larger angle than the angle of fall. This is due to the fact
that the bullet hits the surface at a larger angle of fall and therefore a larger
ricochet angle.

2. The critical angle for a bullet with a soft or hollow point shall
be lower than that for an equivalent bullet with a whole shell. In this case,
the deforming nose of the bullet with a hollow point increases the angle of
fall, thereby increasing the propensity to ricochet.

3. The critical angle for a type of bullet-mash environment
depends on the speed at the moment of impact.



4. Bullets invariably lose their gyroscopic stability and will roll
over after ricochet. This overturning produces a characteristic whistling or
buzzing as the overturning bullet passes through the air.

5. Bullets ricocheted of glass, steel, concrete or wood shall have a
distinctive feature characteristic of the material with which the contact is
made. If the material is glass or polished steel, the mirror surface is
characteristic. It's a completely different result when the bullet ricochets
into an aquatic environment. In this case, no traces of the mechanical
interaction between the bullet and water are observed on the bullet housing.

6. High-speed bullets with a thin shell usually break down before
ricochet. This applies even to ricochet action in an aquatic environment.

1.2. Analysis of factors influencing the ricochet action of the
bullet

1.2.1. Factors depending on the characteristics of the bullet:

1.2.1.1. External ballistic parameters.

External ballistic parameters affecting the ricochet action of the
bullet are:

- caliber (d) — affects the fore resistance (c,), the bullet shape
coefficient (i) and the ballistic coefficient (BC));

- mass (m) — affects the inertia of the bullet, the ballistic coefficient
and the action of the bullet in the target;

- initial speed of the bullet (v,) — determines the speed of the bullet
during the flight on the trajectory depending on the ballistic coefficient of
the model;

- bullet shape — determines the coefficient of shape (i). It directly
affects the speed of impact of the bullet in the target through its dependence
on air resistance;

- bullet speed when encountered with the septum (v, ) — the speed of
the bullet when encountered with a water barrier is proportional to the delay
of the bullet in the water, but affects by the cavitational number (o) of the
formation of a cavitational cavity;

- angle of encounter (&) — the angle of encounter with the septum at
values less than the critical angle for the bullet-barrier pair, the conditions
for ricocheting of the bullet.

1.2.1.2. Mechanical parameters.

The mechanical parameters affecting the ricochet action of the bullet
are:

- mechanical strength — strength of the bullet - determines its
condition after a blow to the septum. The bullet can severely deform,
defragment or retain its geometric dimensions relatively unchanged
depending on its mechanical qualities;

- deformability — property of the bullet, which allows changing the
geometric parameters of the bullet without defragmentation.



1.2.2. Influence of the mechanical properties of the medium on
the ricochet action of the bullet.

The mechanical properties of the medium affecting the ricochet
effect of the bullet are:

- hardness;

- density;

- roughness;

- coefficient of friction.

Due to the complexity of the impact of the properties of the
environment, the ricochet action of a bullet in different types of
environments has been analyzed.

1.2.2.1. Ricochet in solid wood environment.

The values of the ricochet angle in wood usually correspond to the
ricochet of the bullet from susceptible surfaces, where the ricochet angle of
the bullet is higher than the angle of encounter. When the critical angle is
reached, the bullets pierce the wooden surfaces or get stuck in them. There
Is a link between the critical angle of the bullet and the hardness of the
wood. The harder the wood, the larger the critical angle. The resulting
phenomena could occur due to the combined effect of the shape, the speed
of the bullet and, most importantly, variations in wood properties and
unique surface reactions when ricocheting bullets.

Despite the different hardness values for each type of wood, the
values of the critical angle are very close. The increase in the speed, energy
and shape of bullets does not significantly affect the critical angles of
bullets when hitting pine wood. [99]'pemika! HM3TOYHMKBT Ha
npenparKara He € HAMepeH.

1.2.2.2. Concrete ricochet

Concrete surfaces have varying degrees of roughness, in which the
ricochet surface and its reaction to bullet shocks are the factors influencing
the ricochet action of the bullet. When the angle of inclination begins to
approach the critical angle for the respective type of surface, the bullets
begin to defragment and separate a cord from a heart, with the heart not
breaking or deforming.

No perforation or even mere penetration of bullets is observed when
the angle of inclination reaches the value of the critical angle for the
respective surface, and the bullet fragments significantly.

Angles made of bullets ricocheting from concrete surfaces and
concrete samples of different surface textures/compositions can vary
greatly. Small differences in surface texture and composition for an
impervious material, such as concrete, can lead to many different surface
reactions when a bullet ricochets. [98]I'pemika! W3TOYHMKBT Ha
npenparkara He € HAMepeH.

1.2.2.3. Polymer plate ricochet.

When an armored bullet hits an inclined plate, it can be deflected by
the asymmetric forces that the target exerts on the bullet. This is a well-
known phenomenon that has been studied when various metal targets are
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hit with armor-piercing bullets. Analysis of the phenomenon shows that if
the angle of fall is less than the critical one, the bullet can ricochet from any
metal target, provided that the target is thick enough. Plexiglas targets exert
the strongest asymmetric forces on an armored bullet. The important
properties of the target that control the ricochet and deviation processes are
the high pressure strength and low tensile strength of the target. The high
fragility of the plexiglas is the cause of the large deviation.

The interaction of bullets at an angle with a plate is characterized by
asymmetric forces that are exerted from the plate, diverting the bullet from
its original trajectory. With the right combination of bullet speed, target
strength and attack angle, these asymmetric forces can lead to bullet
ricochet, preventing the target from perforating.

Oblique plexiglas and epoxy plates were found to exert a strong
asymmetric force when hitting 0,300 armoured bullets. This interaction
leads to a strong deviation and deviation of the bullet, which has not been
proven by other inclined targets (either metals or polymers). [110]I'pemxka!
MN3TOYHUKBT HA npenparxkatTa He € HAaMEpPEH.

1.2.2.4. Ricochet in sand.

When the bullet hits the sand, its energy dissipates due to the
destruction of the sand grains, accompanied by the observation of a very
fine white powder due to the pulverization caused by the bullet. It is
assumed that 8% of the energy of the bullet is lost for the atomization of
the particles of the sand in case of hypersonic penetration. During sand
compression, the drag point is associated with the onset of particle
destruction. When applied load on the sand, it changes both its shape and
shrinkability. Due to changes in the structures of the grains, the volume
decreases. This is due to the friction forces between the particles of the sand
leading to bending or rolling of the grains. When the load increases, the
grains are crushed.

For water and sand, a ricochet angle is established, about 20% larger
than the angle of impact. If the angle of the cone at the top of the bullet is
less than 90°, the bullets become more unstable and the critical angle
decreases. For the sand, it was also found that as the speed increases, the
critical angle decreases.[95]

1.2.2.5. Ricochet in water.

It is known from the theory of impact in theoretical mechanics that
every elastic body, when it encounters a rigid septum, is reflected. In this
case, the angle of reflection is almost always greater than the angle of fall.
A similar phenomenon is observed in the firing of projectiles to an earthly
(water) surface. However, the barriers are not rigid here, so the conclusions
of the impact theory cannot be fully used.
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Figure 1.1. Scheme of ricochet of the bullet from an aquatic environment.

1. v, — water resistance force; 2 v,— bullet speed; 3. v, - resultant speed of the
bullet; 4. v, - water resistance force; 5. v, - bullet speed; 6. v, - resultant speed
of the bullet; 7. vy, - water resistance force; 8 v, - bullet speed; 9 - v, resultant

bullet velocity.

Ricochets from the aquatic environment vary depending on whether
the bullet hits the water surface and bounces off it or enters the aquatic
environment, then comes out of it.

In the first case, the angle of reflection of the bullet from the water
surface is approximately equal to the angle of the encounter. The direction
of movement of the bullet hardly changes.

In the second case, the angle of reflection measured in relation to the
water surface is greater than the angle of meeting. At the moment of the
bullet's impact into the water, its speed has two constituents: the final speed
of the bullet v, and the strength of the water resistancev,_. Therefore, the

resultant speed is Uz , which is why the bullet moves from item C to item

C1. In item C1, the speed v also has two constituents, such as v ,<v.. In
this position, as can be seen from the figure, the direction of the bullet
velocity vg_ is constantly changing and is directed towards the water
surface. There comes a time when the bullet leaves the water and moves in
the air.

When changing the angle of encounter, the number (percentage) of
ricochets may change. [38] [34]I'pemika! M3TOYHHKBT HA MpenpaTKaTa
He e HamepeH.I'pemka! I3TOYHMKBT HA NMpeNpaTKaTa He € HaMepPeH.

1.3. Analysis of existing bullet models for reduced ricochet
action when encountered with a water surface.

1.3.1. Supercavitation ammunition.

Ammunition for different environments, which are designed in two
variants:

- be launched into the water from the surface or air, thereby allowing
shooters on board vessels to take part in combat against adversaries' divers,
unmanned underwater vehicles or underwater swimmers.

- be launched underwater to neutralize the adversary above the
surface.

12



Due to the unconventional shape and significant mass, these bullets
offer a great ability to penetrate against multilayer structures and spherical
shapes.

Fig. 1.2 Supercavitation bullet.

The feature of the ammunition declared by the developers is the lack
of ricochet when entering the water at almost any angle, up to 2 degrees in
restless water, up to 7 degrees in normal water. The bullet of the
ammunition does not leave the initial air trajectory when entering the water-
the shooter only needs to take into account the optical refraction. I'pemika!
MN3TOYHUKBT HA npenparkatTa He € HAMEpPEH.

1.3.2. Ammunition with a cavitating core.

Cavitational core cells can be used with a sawn-off and smooth
weapon, using a shell casing and a meta-charge of standard ammunition.
These ammunition is mainly designed to strike underwater targets when
shooting underwater or from the air to the water. Shooting from an aerial
environment to a target located underwater can be carried out by any
standard weapon.

The requirement for cavitating core cells is to have a sustained
movement in the air and aquatic environment, as well as to pass sustainably
from one environment to the other. Stabilization of the flight of a cavitating
core in the air is carried out by breast stabilization by means of a
multilopathic stabilizer for non-rotating core cells, and when stabilized by
rotation, the heart must have a conical cylindrical shape for greater
gyroscopic resistance.

Reducing the angle at the tip of the bullet reduces the cavitational
resistance factor cx and the pulse load when the bullet enters water. To
create a cavitation cavity, the value of the cavitation parameter value is
required
1. d?

2 (1.1)
do not change. Therefore, when reducing c, by reducing the angle of the tip
of the bullet, the diameter of the nasal surface d. At taper angles less than
60°, the formation of a cavitation cavity with the required contour is
unreliable. Therefore, if necessary, the use of a flat front surface is allowed.

W = Cy.
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(a) rotating; (b) non-rotating

The requirements applied to cavitating core are diametrically
opposed. They must have good aerodynamic and hydrodynamic qualities.
Aerodynamic qualities are defined by external ballistics, and
hydrodynamic qualities — by hydrobalistics. To have good aerodynamic
qualities, bullets must be of a sharp tip and a small length. For good
hydrobalistic qualities, a blunt tip is required to create a cavitational
cavity, a large mass of the bullet, in order to increase the long-range
underwater and increase the frontal resistance c,.

It follows from the above that in order to obtain good hydrobalistic
characteristics of the bullet, this will aggravate its aerodynamic
characteristics, which in turn affect the long-range and grouping of hits.

Conclusions:

1. On the basis of the analysis carried out, it was found that the
factors affecting the ricochet action of the bullet in the aquatic environment
were: the acceleration of the bullet in encounter with the water surface, the
angle to be concluded between the tangent to the bullet's trajectory and the
plane of the water surface at the time of encounter with the water surface,
the shape of the front of the bullet.

2. Existing cavitating munitions, which are designed to fire to, from
and into the aquatic environment, have inferenable ballistic qualities in an
aerial environment.

3. The hydrobalistic models of objects with different frontal parts
do not allow to analyze the modification of their external ballistic
parameters.

4. One possibleway to limit the ricochet action of the bullet from
an aquatic environment and with minimal loss of kinetic energy in an aerial
environment is to develop a bullet of standard ammunition with a processed
frontal part.

CHAPTER Il MODELLING OF THE PROCESS OF
PENETRATION AND MOVEMENT OF A BULLET WITH
ALTERED GEOMETRY OF THE FRONTAL PART IN AN
AQUATIC ENVIRONMENT

The forces creating the acquired angular speed and the dependence
of these forces on the conditions of entry depend on the shape of the tip of
the bullet. Most shapes at the top give the bullet an impulse upwards, but a
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dull enough tip gives it momentum down. Dull peaks are rarely used due to
the high resistance associated with them, so research deals with peaks of a
finer shape. Since the angular speed acquired on impact depends on the
shape of the tip of the bullet, the critical angle of inclination varies

depending on the shape of the ngfe. L

N
N ~
RN N \
Wmnync, Hacouealy, Mmnync, HacouBaly bes Hmnym\:,
BbpXa Ha Kyplyma BbpXa Ha Kypluyma Haco4Ball Bbpxa Ha
Harope Hapony KypLIyma

Figure 2.1 Forces dependent on entry conditions and depending on the
shape of the bullet creating acquired angular velocity

The force of the impact causes both a sudden change in impact speed
and an angular speed around a horizontal axis. The change in linear speed
clearly does not play an essential role in determining the subsequent
behavior, but the sudden occurrence of angular speed causes the nose to
lift, the tail to fall and determines whether the subsequent trajectory turns
up or down.

Thus, the relative amount of effort to be devoted to ensuring proper
movement in the air and proper movement in water varies depending on the
specific frontal part of the bullet.

2.1. Influence of the shape of the bullet in its movement in an
air environment.

To study the problem posed, the shape of the bullet is considered,
which has a significant influence on its speed of movement and is defined
by the bullet shape coefficient, which is inversely proportional to the
ballistic coefficient.

The aggregated ballistic coefficient has the type I'pemka!
MN3T0YHUKBT HA IpenpaTKkarTa He € HAMepeH. .

m \ (Po
= — (== 2.1
where:

BC; - ballistic coefficient, relative to the resistance function " j "
i; - bullet shape factor relative to resistance function " j "
j — standard bullet shapes ING, 1, 2, 5, 6, 7, 8 or SPI'pemxka!
MN3T0YHUKBT HA IpenpaTrKkaTa He € HaMepeH..
m - bullet mass [kg]
d - reference diameter of the bullet [m]
p - local air density [kg/mq]
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po- Standard air density at sea level (py,=1,3 kg/m3)

The correction of air density is used to calculate trajectories at
different altitudes above sea level. If p = p, the ballistic coefficient for the
standard density of air at sea level decreases to the classical form:

m
BC; = (W) (2.2)

Typically, the manufacturers of combat supplies give the ballistic
coefficients for their own production. No specific data on ballistics and
bullet coefficient with radial ducts are found in the available sources. To
determine the relevant ballistic characteristics of the bullets with a changed
shape of the ogive, an empirical approach is applied, which is based on the
formula:I'pemka! U3TOYHUKBT HA MpeNpaTKaTa He € HAMEPEH.

~0,0052834.x

BC; =
SN

(2.3)

Where:
V, - is the initial distance speed [m/s];
Vy, - is the final distance speed for the corresponding bullet model [m/s];
x - is the distance between the two measuring points [m].
After replacing the resulting and averaged values from the
measurements, the ballistic value and the coefficient for the specific bullet

BC; are obtained. [Annex 1].
Table 2.1 The calculated ballistics and coefficients of bullet models used in the
experiments

Bullet pattern BC
Factory 0,39
Model 1 0,35
Model 2 0,32
Model 3 0,37
Model 4 0,24
Model 5 0,21

By determining the ballistic bullet coefficients of each of the models,
the corresponding bullet shape fa

S8R
\

Fig. 2.2 Modification of ballistic bullet coefficients with one and two radial ducts
made on the ogive.

The calculated ballistic coefficients of the bullet models used in the
experiments are shown in Table 2.1.
Using the ballistic coefficient value of the standard bullet, the
ballistic coefficient of each individual bullet model can be calculated.
16



By comparing the graph of the law's function of changing the ballistic
factor of bullets with a single duct with the graph of the function of the law
to change the ballistic coefficient of bullets with two ducts, it was found
that the function by which the ballistic factor is modified depending on the
ducts made on its ogive is the same for bullets with one and two ducts, with
only the coefficients different.

2.2. Ricochet action of the bullet in an aguatic environment

2.2.1. Hydrobalistic modelling of processes in the aquatic
environment.

When meeting the aquatic environment, the frontal part of the bullet
creates a cavity of approximately conical shape, so only the tip of the bullet
Is in contact with the water. This continues as long as the bullet is several
lengths below the surface of the aquatic environment, and during this time
the bullet is subjected to a slowing force that tends to point the bullet
downwards if the bullet is upside down to its trajectory, and therefore tends
to overcome the initial angle speed created on impact at the top upwards. If
thetip of abullet hasn't deviated from its trajectory, the resistance force adds
torque to an initially produced angular moment of upward angular velocity.
As a result, the bullet will have contact with either the upper or lower part
of the cavity. If it hits the upper part of the cavity, the bullet will move
along a roughly circle of a trajectory curved downwards. The slope and
angles of the trajectory at entry, the magnitude of the initially acquired
angular velocity and the subsequent angular acceleration, determine the
direction of deviation.

The forces creating the angular velocity of the water surface and the
dependence of these forces on the conditions of entry into water depend on
the shape of the tip of the bullet. Most forms of the nose give the bullet an
impulse upwards, but enough dull noses give it an impulse downwards.

Since the angular speed acquired on impact depends on the shape of
the nose, the critical angle of inclination varies depending on the shape of
the nose.

Identifying the emerging forces that affect the movement of the
bullet is a complex task. In hydrobalistic phenomena with the greatest
practical power are inertia, gravitational and viscous forces. Because
momentum is always important in the range of speeds to be taken into
account, other forces are compared to it.

The movement of a bullet in two environments should not only be
considered as a period of movement in the air and a period of movement in
water, but it is also necessary to consider the transition from air into water.
During this period, there is a real possibility of mechanical damage to the
bullet. In addition, the forces of fluid that act on the bullet during the
transition period can cause the bullet to get out of the water, change its
direction sharply, or get out of control and deviate from the desired
trajectory.
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Figure 2.3. Angles of attack, inclination and trajectory.

a-Bullet attack angle [deg]; ¢-Angle of inclination of the bullet [deg],
&-Angle of bullet trajectory, [deg]

The high-speed cavitational movement of the cavitational bullet in
water is accompanied by the formation of a natural caver expanding after a
cavitational protrusion in the nasal part, and continues until the dimensions
of theI'pemka! U3TOYHMKBT Ha MpenpaTKaTa He e HaMepeH.I'pemka!
N3T04YHMKBT Ha npenpaTkara He e HaMepeH.I'pemka! U3T04HUKBT Ha
npenparkara He e¢ HamepeH.I'pemka! U3TOYHMKBT HA mpenpaTrkara
He e HamepeH.I'pemka! I3TOYHMKBT HA MpeNpaTKaTa He € HaMepPeH..

The initial dimensions of the caver repeatedly exceed the size of the
bullet. The resistance of the bullet in the caver is provided by its rear part
at the expense of the periodic sliding of the bullet's lysing surface into the
walls of the caver, so that the largest diameter of the cross-section of the
rear part determines the calibre of the bullet.

The amplitude of the angular fluctuations of the bullet in the caver
depends on the distance between its recliing surface and the contour of the
caver, and the technical dissipation of the underwater trajectory depends on
the depth of the inertia displacement of the clay surface of the lactating part
and its geometry, which determines the magnitude of the unilateral
resistance to lysing.

When changing/losing the outline of the caver in its middle or front,
the bullet loses resistance, rolls over and moves slowly with its lateral
surface forward.

In order to obtain a caver when the bullet comes in at small angles
relative to the water, it is preferable to make a ring channel at the front of
the bullet with a smallest diameter equal to 1,2-1,6 of the diameter of the
cavitation protrusion. This option allows a temporary cavitation zone to be
created when the bullet enters the water at small angles, and after the
cavitation protrusion enters the water, the cavitational cave will be created
from the protrusion. I'pemka! M3TOYHHKBT Ha NpenpaTrKara He e
HaMepeH.
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2.2.2. Modelling of the bullet's entry process into an aquatic
environment.

When entering water, the formation of cavities depends on the
characteristics of bullets. The physical properties of the bullet, gas and
liquid together establish the force that, combined with gravity and inertia,
determines the type of bullet entering an aquatic environment. The force
exerted by the tip of the bullet on the water opens up a cavity that continues
to expand by virtue of its own inertia until gravity causes the water to return
to its equilibrium position of rest. The mechanisms influencing the behavior
of the cavity have been widely observed, but not fully described
mathematically.

®AKTOPU, KOUTO BNUAAT BLPXY ABNEHUATA NPU HAB/IN3AHE HA BOLA

[ I I I 1
HAYA/THW YCNOBUA NPU
Bb3/IENCTBUE HA BOLATA
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Fig. 2.4 Factors influencing the phenomena of the bullet entering water

Kynon ot cuBupre Ha

npwcrnTe
Kopora ot npsckn 3

Figure 2. 5. Phenomena when entering water.

The phenomena of entering water are traditionally divided into four
phases:
1. Impact
2. Flow formation
3. Open cavity
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4. Closed cavity

These factors were studied separately, although no phase of the
bullet's trajectory was independent of the previous ones.

When the bullet in itsflight from the air to the environment hits the
water in an environment, it creates a cavity that also grows during the
underwater trajectory. Initially, the cavity develops to the surface of the
water. cavity until the cavity is blurred in the water. Getting into water is a
series of phenomena after a quasi-stationary air flight.

The linear and angular speeds of the bullet detected during the air
flight have a major impact on the phenomena of entering the water
environment, as these speeds, combined with the physical properties of the
bullet, determine both the inertia of the bullet and its orientation in relation
to the surface of the water. determines the specific shape of the bullet that
first comes into contact with the water.

2.2.2.1. Impact.

The impact initiates a short-term high-speed shock wave, moving
approximately at the speed of sound in the water. The force of the impact
is very large and can cause deformations of the bullet when water enters.
The short duration (part of a millisecond) excludes its strong influence on
subsequent hydrodynamic flows when closing the cavity at low speed. The
shrinkability of the fluid environment has little effect on the dynamic
behavior of the bullet. The curve of the cavity shell is not formed by the
path of individual particles, but rather by the integrated pathways of many
particles.

After a stroke of the bullet, there is a slight rise in the surface of the
liquid beyond the crown by splashes, which is due to the inlet shock wave.

2.2.2.2. Flow formation

Immediately after the impact, the water is driven by the bullet and a
process of formation of a flow begins, during which the pressure of the fluid
on the bullet is significantly lower than in the process of impact, but
significantly greater than the late quasi-stable flow mode. This flow
formation mode is extremely complex and is not yet described in the
literature.

After the impact, the water leaks from the bullet and begins to form
a cavity. The wetted surface of the bullet increases until a relatively stable
line of separation of the cavities is established.

This dividing line can be sharply prominent, uneven, deformed or
hesitant, resulting in clear, vague, irregular or distorted cavities
respectively.

Uneven separation is associated with unstable trajectory behavior.
When the bullet has a smooth, simplified configuration, the fluid flow
almost corresponds to the shape of the bullet, and only a thin layer of gas
separates the bullet from the water. Sometimes this gas film is displaced by
water, which distorts the line of separation of cavities. If the bullet has a
blunt tip, large distances are created between the bullet and the cavity, with
a clear and sharp dividing line.
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During the flow formation phase, a large energy exchange takes
place. The change in angular speed (whip) occurs when the resultant
component of the hydrodynamic force applied to the nose of the bullet does
not pass through the center of the bullet masses. The whip also arises from
the phenomenon of pressure.

Hydrodynamic whip occurs when the bullet is obliquely entered an
aquatic environment, as it first contacts the underside of the bullet. The
hydrodynamic pressure is on the normal surface of the bullet, which is
located below the surface of the water, and the resulting force creates a
moment around the center of gravity of the bullet. The whip from this
moment creates a flat zone under the nose of the bullet and protruding like
a hemisphere upwards. When the nose of the bullet enters the water, the
moment of tilting from this force created by hydrodynamic pressure
becomes zero.

The delay in excretion creates the possibility of a suppression effect
when the distance between the bullet and the wall of the cavity becomes so
small that the water takes the gas located in the layer between the bullet and
the cavity faster than can be replaced by the gas in the cavity. Such small
distances are formed at a thique body, but can also occur when struck on
small slopes, when the bullet is oriented asymmetrically in the cavity.

2.2.2.3. The open cavity.

A complete mathematical description of transient behavior when
entering water into the cavity is not yet available. [128]I'pemka!
HN3TOYHMKBT HA MPENPATKATA HE € HAMEPEH.

During the third or open phase of entry into water, the cavity remains
open to the atmosphere of the surface and is prolonged as the bullet moves
along its trajectory. The gas enters from above to fill the cavity behind the
bullet, which leads to the mixing of ambient air with water vapour. The
width of the cavity is determined by the speed at which energy is
transmitted to the water, with the wider cavity associated with a greater
energy transfer. The growth of the cavity is determined mainly by the shape
and speed of the bullet, by the density and pressure of the atmospheric gas
and by the position of the bullet in the cavity. The surface tension of the
liquid, the viscosity of the liquid and gas and the state of the bullet surface
are usually of secondary importance.

The orientation of the bullet in the cavity affects the shape of the
trajectory. A straight trajectory converging the continuation of the
trajectory from the air occurs when the bullet moves, contacting the water
only with its nose or its posterior end oscillating between the upper and
lower surface of the cavity. If the posterior end remains in contact only with
the upper or only the lower part of the cavity, a curved trajectory (either
diving down, or going up).

2.2.2.4. Closing the cavities.

Closing the cavity can be obtained on the surface, at some point
below or both. The nature of the closure is determined by the firing
conditions and by the physical properties of the bullet, liquid and gas. The
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closure stops the flow of atmospheric air into the cavity, although it is
possible that the inertia of the fluid flow can lead to a slight enlargement of
the cavity after closure.

The conditions that determine the closure of deep cavities are the
inertia of water and gravity. The impulse transmitted by the bullet to the
water causes the cavity to open. Hydrostatic force on the cavity and surface
tension of the liquid acting in the walls of the cavity tend to close the cavity.
When the closing forces become dominant, the cavity will begin to narrow,
form a neck and finally close.

The more complex phenomenon of surface closure is observed
without being able to be explained exhaustively. The power system at the
entrance to the cavity arises from both water and gas flows. In the
cavitational cavity due to the water masses located in it, a large
hydrodynamic force can occur. The hydrodynamic forces in the dispersion
are small because there is little water involved. However, spraying can not
be ignored, since thereby significantly affects the gas flow in the cavity. So
three separate streams - cavity input, splashes and gas - interact to
causecavity closure.

The main hydrodynamic flow in the cavitational cavity is initially
directed outwards when the water flows away from the impact. Then the
surface tension of the liquid and hydrostatic forces together will seek to
restore the disturbed surface to its normal state of rest. The pressure forces
created by the inertia of the gas flow, which enters the cavity, create an area
of low pressure on the underside of the entrance to the cavity. The higher
atmospheric pressure acting from above causes the cavity to close.

The gas flow produces pressure in proportion to atmospheric density.
Then the cavitational cavity continues to expand until hydrostatic forces
and surface tension forces restore the surface to its normal state of rest. In
these circumstances, the growth of the cavity is terminated by deep closure.

Above the surface quickly rises a ring of splashes. Over time,
spraying falls backwards, compacts to the base, and the forces of tension
act to close the cavity. At some height, the shell closes completely and
forms a dome. Above, the forces of surface tension form the remaining
water ring in a circle of droplets. The dome closing the cavity is not resistant
and can be destroyed by the flow of gas into the cavity or can spread from
the jet formed by the closure of the "lips" of the cavity. The irregular surface
of the spray shell after vertical entry indicates that the spraying is of
variable thickness.

Hair entry by its very nature causes an asymmetric splash. In general,
the closure of the surface follows a deep closure during such infloes into
the aquatic environment.

Numerous forces affect the closure of the surface and make it
difficult to model. Among these forces are the surface tension, the viscosity
of the liquid, the viscosity of the atmospheric gas, the adhesive forces
between the bullet and the liquid (determined by the state of the bullet
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surface), the gas cores in the liquid and the purity of the surface of the
liquid.

When closing the cavity, water jets are produced directed up or
down. Ascending jets formed at deep closure of the cavity are almost or
accurately vertical, even for non-vertical entries, because the outgoing jet
Is caused by collision of water masses at deep closure as a result of the
restorative action of hydrostatic pressure. For this reason, ascending jets do
not form at an inclined entry at a small angle. Descending jets appear when
closing the cavity and on the surface and in depth.

2.2.2.5. Closed cavity.

The final transient effects of water ingress occur during the phase of
the closed cavity, when the bullet-cavity system is not in direct contact with
the atmosphere. The cavity is slowly reduced until it is completely
dispersed by the engaging action of the water or until it slips away from the
bullet. Sudden asymmetric discharge sometimes causes gross changes in
the direction of movement of the bullet. The fourth phase ends with the
disappearance of the cavity. Then the fully wetted or purely cavitating
streams occur, which are usually found in hydrodynamics. In rare cases, the
fourth phase of water ingress does not occur. The bullet can pierce while
still wrapped in a cavity, or the open cavity can suddenly detach from the
bullet soon after its formation, causing a significant change in the trajectory
of the bullet. [128]'pemka! H3TOYHUKBT Ha mnpenparKaTa He e
HaMepeH.

Water response and late acceleration depend on water ingress
conditions and on the shape and dynamic parameters of the bullet.

The final trajectory of a bullet passing through water is significantly
influenced by its behavior in the cavity stage. The whip, Ao, the change in
the speed of the inclination of the bullet as the tip of the nose enters the
water, may be due to the strong impact of a water strike and the forces
associated with the detection of a flow.

Two separate mechanisms contribute to the whip during oblique
entry. The more important result is that the lower part of the nose gets wet
first, which leads to unbalanced forces, which can be quite large. The forces
come not only from the pressure of the liquid, but also from the decreased
pressure in the nasal cavity (pressure effect). The time thus applied to the
CG results in a change in the speed of the pitch, known as whiplash. The
other mechanism for the production of whip occurs when the bullet enters
the water with an angle of attack, a. Then the resistance forces producing
the change in axial speed contribute to a shock moment around the CG.

The whip is linearly dependent on the rate of water ingress, v, since
the forces on the head are proportional to v2, and the time during which
these forces are unbalanced (acting only on the lower side of the head)
varies as 1/v . Thus, the pulse will vary as v. For heads of spherical shape
(at small angles of attack) there must be a linear dependence of the whip on
the angle of attack. the instantoral distribution of pressure above the nose
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of the bullet during water ingress; there is currently no data on this.
[128]I'pemika! U3TOYHMKBT HA MPENPATKATA He € HAMEPEH.

After hitting the water and establishing a stream, the bullet usually
travels several lengths below the surface of the water only with its nose in
contact with the water. During this time, the resistance force usually does
not work through CG; the moment, depending on the configuration of the
head and the size of the angle of attack, is aimed at increasing or reducing
the inclination of the bullet. Thus, the angular acceleration produced from
the moment of resistance either adds or is removed from the whip.
[128]I'pemka! U3TOYHHKBT HA MPENPATKATA HE € HAMEPEH.

In the movement of the bullet from the moment of encounter of the
water barrier, two cases are possible:

- the bullet continues its movement in the water and, under the
action of the forces of reaction of the medium on its enliven part, leaves the
water surface and performs ricochet action.

-the increase in friction forces in the water as a result of a
change in the hydrodynamic parameters of the environment as a result of
the entry of the frontal part of the bullet and the occurrence of turbulence
flows leads to the result that the bullet has a late acceleration. This
significantly reduces the energy of the bullet and it is not sufficient to push
it in the direction of the surface of the aquatic environment, where its
movement continues under the water surface.

Our task is to study the change in the acceleration of the bullet after
encountering the water surface and to determine at what values the bullet
will not perform a ricochet action. To this end, let's consider the kinematic
of the hydrobalistic task of examining the process of the movement of the
bullet under the water surface.

Using the principles of mechanics, let's assume that the movement of
the bullet takes place in the rectangular coordinate system and present the
bullet as a material point, then this movement can be described as follows.
At the moment of impact in time ¢, the bullet has coordinates (x; y), and
when exiting the water surface at a time t,, its coordinates are (x,; y,), and
the radius of curvature of the trajectory is r = f(R,.).Then 4x = x, — x,
Ay =y, —y and At = t, —t. Therefore, the average x speed will be

_ Ax . __ Ay .
Vepx = 770 and more y will be v, = 0 The average speed is,

- A7

Vep. = At (216) y

It is a vector dimension and has the same direction as moving. The
average speed thus introduced does not depend on the distance travelled,
since it is proportional to the movement and is determined only by the
starting and end point of the movement.

The average speed as a scalar quantity is determined by the length of
the path traveled along the trajectory 4s, divided by the time interval At for
which it is traveled

R As

T =57 (2.17)
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The speed of a material point may change over time, both in size and
in direction. If it is Av the change in the time interval rate At, then the vector

AV
A (2.18)
Is the mean acceleration of the bullet, which is the physical magnitude
characterizing the change in speed from up ¢t to t,.

The initial acceleration of the bullet entering the aquatic environment

shall have the appearance:
dv |
T (2.19)
and is determined by the first derivative dv/dt of the speed v at the time
t, i.e. it characterises the speed at which the speed is changed. When the
speed increases, the tangential acceleration is directed in the direction of
the single vector 7, i.e. in the direction of speed. If the speed decreases, the
vectors T and d, have opposite directions — tangential acceleration is
directed back to the speed vector.
The normal acceleration of the bullet entering an aquatic
environment shall have the appearance:
LV
a, = Fn (2.20)
Normal acceleration is directed in the direction of the single vector

7, i.e. the normal to the trajectory curve in the aquatic environment.

Since the movement is curved, it can therefore be presented at two
speeds - along the tangent and on the normal to the bullet's trajectory.
Accordingly, this movement will also be characterised by two
accelerations. For the purposes of the study, the interest is normal
acceleration, which is time-delayed and must occupy smaller values in
order to have a smaller change of trajectory and thus prevent the bullet from
coming out of the water surface.

The study suggests modifying the surviving part of the bullet by
cutting rings that cause additional turbulence in the water layer that
surrounds the bullet, thereby significantly reducing the acceleration of the
bullet and not enough energy to leave the aquatic environment.

The purpose of the study is by cutting ducts along the ogive of the
bullet, the normal acceleration of the bullet when moving in water to zero
and thus to minimize the curvature of the bullet's trajectory, which could
create conditions for ricochet movement.

After examining the question of the distance of radial ducts from the
tip of the bullet in the analysis of the available literatureI'pemka!l
N3T104HMKBT Ha penpaTkaTra He ¢ HaMepeH.I'pemka! U3T04HUKBT Ha
npenparkara He e HamepeH. L = 0,4.d a duct should be made at a
distance where:

L — the distance of the duct from the tip of the bullet [mm];
d — caliber of the bullet [mm].
For the selected ammunition L= 3,05 mm.

a=

-

a, =
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Due to the shape of the bullet, this duct, when hit with the water
surface at angles close to 0° will not come into contact with the aquatic
environment and would therefore not be effective. In order to examine the
influence of the ducts, it was agreed to make two more ducts on the
surviving part of the bullet and to examine the impact of the ducts on the
ricochet action of the bullet in encountering an aquatic environment. Since
at a distance of 12.8 mm from the tip of the nose of the bullet the body of
the bullet becomes cylindrical, the distances were accepted:

- 3 mm — based on the calculations carried out;

- 6.4 mm — corresponding to the middle of the surviving part of
the bullet;

- 12,7 mm — corresponding to the end of the surviving curve.

VA A D AZ

T T

Model 0 Model 1 Model 2 Model 3 Model 4 Model 5

Fig. 2.6 Diagram of the bullet models used for the experiment.

Five bullet models were made with one and two ducts along their
ogive (Fig. 2.6):

Model 1: with one duct located 3 mm from the tip of the bullet.

Model 2: with two ducts located 3 mm and 6.4 mm from the top of
the bullet.

Model 3: with one duct located 6.4 mm from the top of the bullet.

Model 4: with one duct located 12.7 mm from the top of the bullet.

Model 5: with two ducts located at 3 mm and 12.7 mm from the top
of the bullet.

The control series has a factory bullet, defined as model 0.

Since when entering the water as a result of the high friction
resistance between the bullet and the water, the angular speed of rotation
drops sharply, in which the gyroscopic effect decreases to negligible values
and does not affect the next movement of the bullet.

Because it's an acceleration of the bullet along the curvature of the
trajectory.
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a=-—< (2.21)

Where:
v? — KBaJpaT Ha CKOPOCTTa Ha KypllyMa [P BJIM3aHe BbB BOJATa.
R —radius of trajectory curve.
From the formula for (2.3) we express the value of the entry
speed:BCive,

K.L
Ve, = <\/v_0 - BCi) (2.22)
Where:
K —is a constant worth 0.0052834
Vo — initial speed of the bullet;(%)
BCi — ballistic ski coefficientfor the respective bullet model;
L — the distance from the dul cut to the surface of the water (m),
h .
L - (tana) (223) ’

Where

h — height of the position of the double cut relative to the water surface [m];

a — angle of inclination of the barrel relative to the water surface [deg].
By replacing in equation (2.21) we get:

h 4
2 K.
_ve 1 tana | _
a_R_R<VvO BC, | ~
4 3 3

-7 ) Ge) ) (Ge)

2

v (ara) (e) el Ge) | e
‘\tana/ "\BC; Yo \tana) BC; Yo T Vo (2.24)

By streamlining the polynomial, we get:

1 3
a = W(tan a*.v3.BC;* —tana®.4hK.v2. BC;® + tana?.6h*K 2. v,. BC;?
.tana*. BC;

1
—tana.4h*K3.v}. BC; + h4K4> (2.25)

Physico-mathematical analysis of the equation derived:

-As the value of the ballistic coefficient decreases (less
favourable aerodynamic form), the value of acceleration grows.

- When encountered with the water surface at a gradient equal to
the limit angle of 8,7 ° the acceleration value of the establishment bullet is
720,4534 m/s2, in the case of a single duct bullet located at 6,4 mm is
717,6378 m/s2, at two ducts located on 3 and 12,7 mm is 709,186 m/s2.

- When encountered with the water surface at a gradient equal to
the limit angle of 10,5 ° acceleration of the establishment bullet, the
acceleration value shall be 722,2884 m/*2, in the case of a single- duct bullet
situated at 6,4 mm is 719,9588 m/* 2, for two ducts located on 3 and 12,7
mm is 712,9583 m/s?.
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- When encountered with the water surface at a gradient equal to
an angle of 14 ° the acceleration of the establishment bullet the acceleration
value is 724,523 m/*2, in the case of a single-duct bullet located at 6,4 mm
is 722,7867 m/*% ™ two ducts located on 3 and 12,7 mm is 717,5626 m/s2.

2.3. Statistical modeling of the ricochet action of a medium-
caliber bullet for a shooting weapon in encounter with an aquatic
environment.

2.3.1. Methods of mathematical modelling of ricochet action.

The statistical analysis of the resulting mathematical models of the

type
z bifi(z) (2.26)

Is an extremely important 5|de of statistical methods. Without an in-depth
statistical analysis of the main intermediate and final results, no conclusions
can be drawn about the research site, but even more so — to use these results
for the study, exercise and optimization of the site.

The need to carry out the statistical analysis is based on the fact that
each actual study uses a limited number of experimental data (N-sets),
which are a sample of the population of data. The estimates obtained from
this sample by, by, ..., bk of the coefﬁcients Bo, B1, ..., P ot the model

n= z Bifi(2) (2.27)

and the above model have some degree of credibility to be established and
comparable to the requirements of the model. It is also possible to reverse
the task: to determine the conditions (above all the number N of
observations and their location in the factor space) that ensure that the set
accuracy is achieved at a fixed degree of trust. I'pemika! U3T04HMKBT Ha
npenparKara He € HAMepeH.

The analytical model of the bullet entry process in the aquatic
environment describes the process of entry and movement into the aquatic
environment of a bullet with a modified frontal part. physical experiment
carried out by polygon tests.

Modeling the processes of the bullet's entry into an aquatic
environment makes it possible to study the influence of the bullet shape
prom in order to reduce the ricochet of the bullet from an aquatic
environment while preserving its ballistic characteristics.

Mathematical models aim to predict the behaviour of the test object
(bullet from a cartridge with a nomenclature index of 7,62 x 54 mm) at the
time of its impact with the water surface. The physical nature of the process
under consideration with the characteristics must be described
mathematically by the appropriate method and calculation procedures.
There are different types of mathematical descriptions, the most common
being deterministic and statistical.
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Deterministic models are built on the basis of fundamental
theoretical patterns, such as the legal ones of mechanics, physics,
thermodynamics, etc.

Statistical models are based on the processing of experimental data.

Due to the complexity of the bullet's process of entering an aquatic
environment, no deterministic model has been found in the literature
analysed to accurately describe the physico-ballistic and mechanical
processes taking place in a function of the shape, speed and trajectory
relative to the water surface of the bullet . the bullet's entry into an aquatic
environment.

The research object (bullet on a cartridge 7,62x54 mm) is
characterized by its geometric parameters. With the help of the collected
data, the coefficients of dependence between the input and output
parameters of the process of entry and movement of the bullet into the
aguatic environment are determined. A vector of states whose elements
determine the actual process of entry and movement of the bullet into an
aquatic environment is defined. The developed model should be adequate
to the process of entry and movement of the bullet into the aquatic
environment according to a pre-selected criterion.

When compiling the mathematical model, the following options are
possible:

1)The mathematical model is composed as a structural
relationship of physical dimensions, but the coefficient values are not
known. Then it is necessary to carry out experiments to determine them.

2) The model can be created from one of the functions
Ji(x,0)(i=1.2,..,1)
where: ¢ — is a parameter of the process;
X — Is a factor of the process.
It is necessary to conduct experiments to refine the model and
determine the unknown parameters.

3) The analytical type of the model is unknown.

Due to the complexity of the I'pemxa! HM3TOYHHKBT Ha
npenparkara He e Hamepen.of the bullet. water density, angle of
inclination of the bullet's trajectory to the surface, additional fluid
movement (current), bullet speed, bullet shape, etc., which accompany the
bullet movement process from an aquatic environment outline a complex
pattern of movement. If the influence of external factors (such as: abrasive
wear of the bullet shirt when moving in the barrel canal, deformation of the
bullet when hit with the water surface, high humidity with increased salt
content in the air, etc.) is also taken into account, then the process of entry
will be even more indeterminate. For the reasons set out, an accurate
analytical model cannot be drawn up to reflect the complex dependence of
the bullet ricochet on an aquatic environment.
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2.3.2. Selection of statistical modelling model

On the basis of the analysis carried out in Chapter One and the
possibilities of the mathematical apparatus of statistical modelling in this
dissertation, it is proposed that the modelling be carried out in accordance
with the second option. In this variant, the statistical model reflects the
Interaction between the random dimensions studied, since it is not possible
to eliminate external factors or maintain a permanent one.

In order to realize the process of statistical modeling according to the
chosen option, a database was created by conducting an experiment on the
territory of the Central Artillery Technical Test Field - Zmeiovo. The
statistics are collected from experiments with ballistic barrel mounted on
stanok "Barinov" when firing the different models of bullets at targets to
check the grouping of the shooting, located at 100 metres and on a water
surface at different angles of inclination and recording ricocheted bullets
from a floating target.

For the compilation of the mathematical model, the method of
regression analysis and the method for statistical evaluation of unknown
model parameters were used, by finding the relevant point estimates.

Variables are: The acceleration of the bullet when entering the
aquatic environment — Y and the angle of inclination to the water surface X
(the angle concluded between the tangent to the bullet trajectory and the
water surface). They are statistically dependent on each other, as changing
one leads to changing the other. The main values for determination in the
regression analysis are the type of the regression equation and its
coefficients S, ,. The regression relationship between x and the conditional
mathematical expectation M(Y|X=x) I'pemka! MHM3TOYHUKBT HAa
npenparkara He ¢ HamepeH.I' pemka! M3TOYHMKBT HA mpenpaTrkara
He e HamepeH.I'pemika! U3TOYHUKBT HA MPENPaTKATA HE € HAMEPEH.

M(YIX = %) = j YF ) dy (2.28)

it makes it necessary to examine the statistical relationship between the size
of the wear and the quantity of shots produced.
The conditional mathematical expectation M(Y|X=x) depends on the
selected theoretical probability model.
The pattern of regression in the form of
MY|X =x) = p(x) (2.29)

in order to perform the regression analysis procedures and predict the

change in wear, it is necessary to know the random magnitude distribution
(X, 'pemka! U3TOYHMKBT HA mpenpaTkata He ¢ HaMmepeH.I'pemka!
N3T104HMKBT HA IpenpaTKkaTa He ¢ HamepeH.I' pemka! U3TOYHUKBT HA
npenparkara He e Hamepen.I'pemika! U3TOYHMKBT HA IpenpaTkara He
e namepen. An analysis of the literature [38] [86] [88] [128] shows that the
bullet's process of entering an aquatic environment or the statistical
relationship between dimensions X, Y is continuous and the Y parameter is
a normally randomly assigned dimension for each X value.
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In the dissertation work a database with volume n measurements
from the performed experiment is considered. Express the results of an
experiment (X;, Vi), wherei=1,2,3,...,nand j =1, 2, 3,..., m in the form
of points in a Cartesian coordinate system, and the graphical form of
systematization of statistical data (correlation field). Based on the volume
n of the sample of statistical data it is necessary to estimate the function of
the regression model and predict the conditional mathematical expectation
of the random variable Y corresponding to certain values of the random
variable X=xI'pemka! U3TOYHNKBT HA MpenpaTKaTa He € HaMmepeH.The
quantity X can also take non-random values [81] [108].I'pemka!
M3TOoYHHKBT HA MpenpaTKaTa He e HaMepeH. 10 assess the function of
the model, the approximate empirical function of regression or equation of
second-genus regression is used, which in the most appropriate way in the
sense of a chosen criterion, to approach the unknown pattern of regression
In general, M(Y|X = x) = @(x). regression dependence can be recorded in
the form of a polynomin

Y =afi(x1) + bfa(x2) + cf3(x3) (2.30)
where a, b, ¢ ... - are model parameters or regression coefficient
estimates.

In order to select the class of empirical functions of regression
describing the wear and tear process, it is necessary to perform the
following sequence of operations:

(1) analysis of the experience and research of known authors;

(2) analysis of the thermal, chemical and mechanical processes
accompanying the processes of the shot and the ricochet of the bullet from
the aquatic environment;

(3) a visual assessment of the coordinates of the statistical results
of the measurements in the correlation field;

(4) analysis of the results obtained in n independent experience
(xi;y;;) taking into account the specific conditions of the experiment.

Given the experience gained in the literature analysed and the
physico-ballistic nature of the bullet's entry into the aquatic environment,
the graphical interpretation of the dependency of "number of ducts and
distance from the top of the bullet-quantity unricoshed bullets" has the
appearance of a parabolic or stage curve. Mathematical modeling of the
acceleration of the bullet by equations of higher order functions, in
particular, through single-factor models of non-linear regression, it proves
significantly more adequate than linear process compression.

It is necessary to choose the most appropriate type of curve to most
accurately describe the studied dependency, since the variety of non-linear
dependencies is too great. The current work deals with several types of
polinomias. The estimates of the coefficients of these poliomas in the
regression analysis are determined by the smallest I'pemika! U3To4YHMKBT
Ha npenparkara He € HAaMEpPCEH..
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e First functional equation
P, = ax (2.31)

For the determination of the regression equation coefficients (2.31)
Is the composition of a normal linear equation

n n
Dvi=a) x (2.32)
i=1 i=1
e Second functional equation
Pr, = ax* +bx +c (2.33)

For the determination of the regression equation coefficients (2.33)
Is the composition of a system of two normal equations.

n n n
Zylxi = bei + alez
=1 =1 =1 (2.34)
z:ylxl2 = blez +c¢2xl3
i=1 i=1 i=1
e Third functional equation
Ve, = ax® + bx* +cx +d (2.35)

For the determination of the regression equation coefficients (2.35)
Is the composition of a system of three normal equations

n n n

Zylxi = bei +az:xl2

i=1 i=1 i=1

n n n
Zyixiz =b Z xt+a ) x? (2.36)
i=1 i=1 i=1

n n n n

yixp = szlz +bz:xi3 +az:xl4
i=1 i=1 i=1 i=1
e Fourth functional equation
P, = aeb* (2.37)

To determine the regression equation coefficients (2.37) is the
composition of a system of two normal equations

n n n
inlnyi=lnazxi+b x?

i:l i;l i=nl (238)
lez Iny; = lnaz:xi2 + bef
i=1 i=1 i=1

¢ Fifth functional equation
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P, = aeP* 4+ ce® (2.39)

For the determination of the regression equation coefficients (2.39)

Is the composition of a system of four normal equations
n n n

lelnyl lna2x1+b2x +1nchl+dZ

i=1 i=1 i= 1 i=1 i= 1

n n n

Ex Iny;, = lnazx +b2x +lnch +dz

i1=11 i i—1 (2.40)
Exf’lnyizl z x? + be +lnch +dz

i=1

n

Ex Iny;, = lnaZx +b2x +lnch +dz

i=1 i=1 i=1 i=1 i=1

These systems are always defined and incompatible and make it
possible to determine the coefficients of the ricochet process. Solving the
systems normal equations is associated with computational difficulties,
which is why the results are obtained by applying the software product
"Matlab 7.0".

After determining the coefficients, a statistical analysis of the
regression equation is performed. A number of procedures are performed
for checking hypotheses, such as checking the hypothesis of adequacy of
the regression equation, checking the hypothesis of the importance of the
coefficients in the regression equation, determining confidence intervals,
etc. I'pemika! M3TOYHUKBT HA mpenparkara He ¢ HamepeH.I'pemka!
MN3T0YHMKBT HA NPENpPaTKaTa He € HAMepeH..

Conclusions:

1. The number of ducts made on the surviving part of the bullet does
not have a significant impact on the ballistic coefficient. The magnitude of
the ballistic coefficient depends more on the distance of the more distant
duct from the tip of the bullet.

2. The position of the bullet in the aqueous cavity is significantly
influenced by the whip, which determines whether the underwater
trajectory will be directed upwards to the surface, down or in a straight line.

3. The impact of the bullet into the water surface and movement in
the cavitational cavity not only affects the underwater trajectory and
angular impulse, but is possible to cause damage to the bullet's hull.

4. The equation derived (2.25) describes the relationship between
the acceleration of the bullet when hit with the water surface, depending on
the angle of inclination of the trajectory at the time of impact and the
ballistic coefficient of the corresponding bullet model.

5. The proposed functional equations 2.31; 2.33; 2.35; 2.37 and
2.39 resulting from the statistics processed by the applied software product
describe the function of changing the acceleration of the bullet when hit on
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the water surface, depending on the angle of inclination of the bullet's
trajectory relative to the water surface at the time of impact.

CHAPTER 111 EXPERIMENTAL STUDY OF THE IMPACT
OF THE SHAPE OF THE BULLET ON ITS RICOCHET ACTION
IN ENCOUNTER WITH AN AQUATIC ENVIRONMENT

3.1. Examination of the impact of the bullet shape on shooting
grouping, speed change and ricochet action in the aquatic
environment.

3.1.1. Determination of grouping of 7,62x54 mm cartridges

The test was carried out to check the functioning of 7.62x54 mm of
cartridges after changing the shape of their bullet in order to reduce its
ricochet action.

The test shall be carried out with 20 rounds of ammunition from each
modification of the bullet.

3.1.2. Examination of the speed change of 7,62x54 mm
cartridges

The test shall be carried out to check the functioning of 7,62x54 mm
cartridges after changing the shape of their bullet in order to reduce its
ricochet action. The test shall control the change in the speed of the bullet
at a distance of 25 metres from the double cut.

The measurement shall be carried out with measuring apparatus
provided by CATIP by 20 ammunition rounds from each modification of
the bullet.

3.1.3. Ricochet performance study of 7,62x54 mm cartridges

The test was carried out to check the ricochet action of 7,62x54 mm
of cartridges after changing the shape of their bullet.

The test shall be carried out with 20 rounds of ammunition from each
modification of the bullet.

3.2. Staging of the experiment.

In order to ensure the implementation of the experiment, it is
necessary to decide onthe following:

1. Selection of ammunition.

2. Manufacture of technological equipment for the processing of
bullets - projection and manufacture of a non-standard cutting tool and non-
standard device for gripping the test specimen.

3. Production of channels.

4. Making a target.

5. Making a shooting stand from the shore of the water pool.

6. Provision by measuring instruments.

3.2.1. General

The purpose of the study is to establish the dependencies:

- the impact of the bullet's shape on its ricochet action in an aquatic
environment,

- the grouping of bullet hits of 7.62x54 mm cartridges with a steel
core in a single shooting.
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- the change in bullet speed to 7,62x54 mm of steel-cored cartridge

measured 25 metres from the dual cut in a single shooting.
It is necessary to take into account the following:

- the survey was conducted on the Central Artillery Technical Test
Field (sub. 26940 — Stara Zagora) — the results were reported with protocols
with reg. No 3-18/04.01.2021 and Reg. No 3-2280/13.12.2021;

- specialists from V.Levski National University and 26940 — Stara
Zagora university took part in the survey.

Tasks of the study:

- experimentally study the dependence of the shape of the bullet on
its ricochet action in the aquatic environment at different angles of entry
into the water in a single shooting;

- experimentally study the grouping of hits of 7,62x54 mm
cartridges with a steel core in a single shooting;

- experimentally examine the bullet speed of 7.62x54 mm of steel-
cored cartridges 25 meters after leaving the barrel in a single shooting;

The place for conducting the study — polygon and water basin in
26940 — Stara Zagora.

3.2.2. Conditions under which the study is carried out

The conditions under which the survey is carried out must ensure:

- shooting should be carried out in favourable weather conditions
(normal weather conditions) — clear and windless weather or indoor
shooting ranges; ambient air temperature 15°+20°; relative humidity of 65
+5% in accordance with 1SO 554-1976.

- the shooting on a water surface is carried out by Barinov ballistic
barrel stand, mounted on a specially designed for the experiment stand with
four adjustable supports placed on the shore of the water basin next to the
water;

- the shooting for examination changes in the speed of the bullet 25
meters from the dual cut to be carried out by stand for ballistic barrel
"Barinov", mounted on a concrete foundation;

- the shooting for the examination of grouping to be carried out by
stand for ballistic barrel "Barinov", mounted on a concrete foundation;

- combat supplies shall be the main weapons, new, legal, one party
and a year of production, in order to reduce the impact of the causes causing
a difference in the initial take-off rates of the bullets;

- the temperament of combat supplies shall be carried out in a room
with a constant temperature for 24 hours prior to the shooting, the
ammunition not being removed from their standard packaging;

- the test is carried out by firing a 7,62 mm ballistic barrel intended
for ammunition and 7,62x54 mm;

- shooting distance — 100 m from the barrel to the target shield);

- angle of inclination of the barrel — 0’relative to the horizontal plane;

- cool the barrel after producing every 40 shots.
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3.2.3. Order for carrying out the experiment on the influence of
the shape of the bullet on its ricochet action in an aquatic environment.
3.2.3.1. Preparation of weapons and ammunition.

3.2.3.2. Experimental shooting.

The results of the registered ricochet shall be recorded in the logbook
of the leader of the fire, and after completion of the experiment shall be
described in the Protocol of polygon tests carried out.

3.2.4. Order to perform the bullet speed experiment of 7.62x54
mm cartridges with a steel core 25 meters from the barrel in a single
shooting.

3.2.4.1. Preparation of weapons and ammunition
3.2.4.2. Experimental shooting

The results of the hits are recorded in the journal of the fire manager,
and after completion of the experiment are described in the Protocol of
polygon tests conducted and presented in Table 3.1

Table 3.1.

Ammunition /type/, batch 7.62 X 54 mm cartridges D 13-80-10
Air temperature 15°C
Charge temperature tempered for 18°C

24 hours
Model number of agroup of shots 0 1 2 3 4 5
Ammunition fired 20 |20 |20 |20 |20 20
Measured speed of 25 mV,s [m/s] 828 | 826 | 824 | 827 | 816 | 811

3.2.5. Order for carrying out the experiment for the grouping of
hits of 7,62x54 mm cartridges with a steel core on a single shooting.
3.2.5.1. Preparation of weapons and ammunition
3.2.5.2. Experimental shooting
The results of the hits are recorded in the journal of the firing leader,
and after completion of the experiment are described in the Protocol of
polygon tests conducted.
3.3. Development of a physical model of a bullet forming a
minimal ricochet action in an aquatic environment.
3.3.1. Description of physical models.
In order to carry out the dissertation work, five models of bullets
from a 7.62X54 cartridge with radial ducts located at certain distances from
the top of the bullet along the ogive of the nose as follows:
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Model 0 Model 1 Model 2 Model 3 Model 4 Model 5

Fig. 3.1. Bullets. Model 1: with one duct located 3 mm from the bullet tip, Model 2:
with two ducts located 3 mm and 6.4 mm from the top of the bullet, Model 3: with
one duct located 6.4 mm from the top of the bullet, Model 4: with one duct located

12.7 mm from the top of the bullet, Model 5: with two ducts located at 3 mm and
12.7 mm from the top of the bullet.

Along with the modified bullets, a control series with a factory
bullet, defined as model 0, is fired.

For the production of radial ducts with a certain profile along the
ogive of the bullet, a string knife with a hard alloy plate is used, the tip of
which is insused with a shape like the profile of the duct.

The depth of the duct is set at 0.25 mm, given the thickness of the
bullet's shirt of 1 mm, so as not to result in the destruction of the shirt in the
event of a shot due to the large forces acting on the bullet as it movements
into the barrel canal and when it hits the target.

3.3.2. Determination of cutting modes.

3.3.3. Technological equipment

For the production of the ducts forming a cavitational cavity in case
of impact with a water surface is used on a universal metal cutting machine.
A knife sharpened in the shape of a channel was designed and made. A non-
standard device has been designed and manufactured - a collet mandrel
according to the dimensions of the ammunition cartridge case with a stable
fixing of the cartridge for the barrel of the cartridge case, as the crown rests
on the rear end of the mandrel.

3.3.4. Mass characteristic of a bullet with a modified ogive.

The calculations show that the largest difference in mass obtained is
less than half of the margin of error in the bullet mass differences, and at
an average value of the masses of factory bullets, the mass of the processed
bullets remains in the tolerances for mass of the ammunition with a
nomenclature index of 7,62x54 mm.

3.4. Development of a floating target for registering ricochets of
bullets from the aquatic environment.

A floating target with a shield with a phaser of dimensions 1,7 m x
1,5 m shall be designed and constructed to read the ricochet of the aquatic
environment.

3.5. Manufacture of an adjustable stand for fastening stand
""Barinov"'.

For the sustainable attachment of stand "Barinov" is made stand,
which allows sustainable fixation of the stand, its horizontalization and its
stable condition on the shore of the pool.

3.6. Results of the experimental study.

3.6.1. Determination of the results of the shooting grouping in
the shape of the bullet.

The firing is carried out by a ballistic barrel mounted on stand
"Barinov".
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The grouping of 100 m of the dual cut for the ammunition used and
the ballistic barrel used by producing 20 shots with each model of bullets
Is determined.

The greater value of the two measurements on the horizontal and
vertical axes shall be taken as the value of the grouping.

3.6.2. Determination of the results of the speed change in the
shape of the bullet.

The firing is carried out by a ballistic barrel mounted on stand
"Barinov".

Determine the bullet speed of 25 m from the barrel for the
ammunition party used and the ballistic barrel used by producing 20 shots
with each bullet model, with bullet speed measuring equipment Drello Bal
4040 and WEIBEL SCIENTIFIC WinDopp 1.5.50.29.

3.6.3. Determination of the results of ricochet action in the
aquatic environment in the shape of the bullet.

The recording of the results shall be carried out after counting the
number of hits on the target lists placed on the shield of the floating target.

Conclusions:

1. On the basis of theoretical studies conducted and the experience
of polygon practice, a methodology for polygon tests has been drawn up to
study the influence of the bullet shape on the grouping of shooting, speed
change and ricochet action in the aquatic environment.

2. The designed and manufactured technological devices for the
development of ducts for changing the geometric shape of the bullet, a
target for registering ricochets of bullets from an aquatic environment, a
stand with devices for the sustainable attachment of stand "Barinov" on the
shore of a pool ensure the successful execution of the experiment.

3. The constructed ducts on the ogive of the processed bullets
affect the speed of their movement, measured 25 meters from the barrel,
with the ducts along the ogive furthest from the top of the bullet (model 4
and 5) reducing the speed the most.

4.At an angle of impact of 2° there is an increase in the height of
the ricochet of the processed bullets compared to those obtained by firing
standard ammunition, indicating that the processed bullets do not bounce
off the water surface but enter the aquatic environment, then ricochet with
ricochet angles greater than the angle of encounter with the water surface.

5. At angles between 2° and 8,8° for state bullets and between 1°
and 8,7° for modified bullets, a ricochet action is observed after entering
the aquatic environment.

6. At prone angles of 8.8° for state bullets and 8.7° for modified
bullets, ricochets begin to decrease and bullets remain below the water
surface.

7. At angles of inclination above 15° for state bullets and over 14°
for modified bullets, ricochets are absent and all bullets remain below the
water surface.
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Chapter IV PROCESSING OF RESULTS AND
ASSESSMENT OF MODEL ADEQUACY

4.1. Determination of the required minimum number of
experimental data.

After performing the calculations, for a minimum number of test data
we received b=12,665. The selected number of shots in the series is 20
cartridges per series model, which satisfies the required minimum number
of experienced data.

4.2. Criterion for assessing the adequacy of models.

In the modeling of multifactorial objects, two assessments are of
great importance, which during the time are obtained before or in parallel
with the main experiment and precede the mathematical processing of
experimental data: the assessment of the dispersion of the equivalent
disturbing impact € and the assessment of the manageability of the site. The
first of these evaluations plays a significant role in conducting the overall
statistical analysis of the model and the second is used to assess the
appropriateness of modelling.

4.3. Statistical model of the bullet entry process into the aquatic
environment.

The statistical model of the bullet's process of entering the aquatic
environment is a multifactorial regression model compared to the accepted
statistical model under normal shooting conditions. But due to the
complexity of quantitative reporting individually, the influence of each of
the factors of the climate and other natural class is applied a one-factor
model in which the whole process of entering the bullet into the aquatic
environment is presented complexly as one factor.

Experiments have been carried out taking into account the number of
ricochets of bullets from the aquatic environment when shooting at
different angles of inclination to the water surface with different models of
bullets, on the enliven part of which there are made radial channels. The
statistical data from the experiment are presented in table 4.1, Appendix 4.

In modeling the process of entering the bullet into an aquatic
environment, the same empirical dependencies as in item 2.2, which have
the type of

Y, = ax (4.20)

Px, = ax*+bx +c (4.21)
Vx, = ax® +bx*+cx +d (4.22)
P, = aeb* (4.23)

P, = aeP* 4+ ce®™ (4.24)

The software product "Matlab - version 7.0" was used to process the
data. The procedure applied for regression analysis of statistics and
selection of the most appropriate model is described in detail in Chapter II,
item 2.2. The results obtained for the assessments of regression equation
coefficients (4.20, 4.21, 4.22, 4.23 and 4.24) are set out in tables (4.1, 4.2,
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4.3,4.4 and 4.5) and their graphs are indicated in figures (Fig. 4.1, Fig. 4.2,

Fig. 4.3, Fig. 4.4 and Fig. 4.5).
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Fig. 4.1. Comparison of experimental data
with the data calculated by the first
regression equation.y,, = 70,92x

Fig. 4.2. Comparison of

w wa yesta [deg]

experimental data

with the data calculated by the second

regression equation.y,,

= —0,6023x% +

13,3x + 653,4
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Fig. 4.3. Comparison of experimental data S e _
with third regression equation data.,, = Fig. 4.4. Comparison of experimental data

0,1178x3 + (—3,471)x2 + 32,65x + 623,5 with the data calculated by the fourth
regression equation.y,, = 682,1¢%005266

wa ueara [deg)

Fig. 4.5. Comparison of experimental data
with the data calculated by the fifth
regression equation.y,. =
o 711,2€0001387%  (—162)e(-0.847)x
4.4. Model of the ricochet action of a simple medium-caliber
bullet for a firearm.

The experiment performed and the established intensity of the bullet
ricochet from the aquatic environment at different angles of encounter with
the water surface gives us reason to perform statistical modelling of the
process of the bullet entering the aquatic environment. By applying the
theory of statistical analysis, the accuracy of the assessments obtained by
the model can be established. Evaluation of the resulting models is carried
out on the basis of the indicators given in Table 4. 6

Table 4. 6
Model type SSE R-sguare |DFE |AdjR-sg |RMSE

9, = ax 1,559.106 |-225,5501 | 16 |-225,5501 |312,1502

Jx, =ax*+bx+c  |1,1475.10° | 0,8332 | 14 | 0,8094 | 9,0534

Fo — 3 2
Yoy = ax° +bx"+cx | 3756016 | 09458 |13 | 0,9333 | 53543
+d
Px, = aeb* 2,9343.10° | 0,5736 | 15 | 0,5452 |13,9863
Px, = ae* + ce™ 15,3713 | 0,9978 | 13 | 0,9973 | 1,0874
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Compared with experimented regression equations are presented in
Fig . 3. 4.6.
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Fig. 4.6. Graphical comparison of models according to experimental data.
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Based on the calculated estimates, the regression equation (4.24) is
considered to be a mathematical model describing the relationship of the
acceleration of the bullet's entry into water and the angle of encounter with
the water surface.
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Fig. 4.7. Comparison of experimental data with the data calculated by the regression
equation for standard boepripass.f,, = 711,2.e%001387% 4 (—162)e(-0847)x

4.5. Model of the ricochet action of a medium-caliber bullet for
a firearm with altered geometry of the enliven part
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Fig. 4.8. Comparison of experimental data Fig. 4.10. Comparison of experimental
with regression-calculated vehicle data, data with regression regression data,
Model 1, with modified ogive with a duct  Model 3, with modified ogive geometry
of 3 mm from the tip of the bullet.y,. =  with a duct of 6,4 mm from the tip of the
709,1. e0001536x | (178 2)e(-0.8438)x bullet.y,, = 706,1.%001748x 4

(_200,9)6(—0,8392)36
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Fig. 4.11. Comparison of experimental
data with regression regression data,
Model 4, with modified ogive with a duct
of 12,7 mm from the tip of the
bullet.y,, = 697,6.¢%002352* 4

(—262,8)8(_0'8261)x
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Fig. 4.9. Comparison of experimental . | _
data with the regression equation- Fig. 4._12. Compa_rlson of experlmer]tal
calculated boepass data, Model 2, with data with regression-calculated vehicle

modified ogive with ducts of 3 mm and data, Model 5, with modified ogive with
6,4 mm from the tip of the bullet.9,, = ducts of 3 mm and 12,7 mm from the top

P 0,002813.x
0,001992.% 4 [ (~0,8339)x of the bullet.y,. = 691.e™ +
702,7.€ + (=226,3)e™ (=308,6)e(-08158)x
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4.6. Comparative analysis of the equations studied of the
process of entering the aquatic environment.

The following dependencies shall be observed when carrying out a
comparative analysis of the acceleration change equations studied:

- At one degree of gradient of the barrel, the acceleration values in
encounter with the aquatic environment of the different bullet models with
altered geometry of the ogive are different, the highest being the
acceleration value of the standard bullets.

- In the presence of one duct, the acceleration value is greater than
that of the bullet with two ducts (the acceleration of a bullet with ducts of
3 and 6,4 mm from the tip of the bullet of the Model 2 bullet is less than the
acceleration of a bullet and the Model 1 and Model 3 with one duct of the
specified distances from the top of the bullet. The same applies to a bullet
with ducts of 3 mm and 12,7 mm, Model 5).

- By increasing the angle of encounter with the water surface, the
difference in the accelerations of the models decreases.

YcKkopeHue Ha KypLiyma npu
cpelya ¢ BoaHa cpeaa [m/sz]
T

& N wao

HaknoH Ha ueeta [deg]
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Fig. 4.13. Comparison of the calculated data for the different ammunition models,
with a modified geometry of the ogive of the bullet, with the calculated data for a
standard bullet.

4.7. Assessment of the adequacy of the acceleration
modification model in the shape of the bullet.

In view of getting correct results and shortening the task resolution
time, the following procedures have been implemented through "Statistics
Toolbox" of "Matlab - version 7.0":

The results after performing the calculation procedure for statistical
analysis of equations for the different models and at a confidence interval

95% are glven in table. 6.1, 6.2, 6.3, 6.4, 6.5 and 6.6 of Annex 6.
interval of 95%.
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Fig. 4.14. Results of the processing of
Model O statistics at a confidence Fig. 4.18. Results of the processing of
interval of 95%. Model 4 statistics at a confidence
interval of 95%.

,,,,,,, s
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Fig. 4.17. Results of the processing of
Model 3 statistics at a confidence
interval of 95%.

Fig. 4.15. Results of the processing of
Model 1 statistics at a confidence
interval of 95%.

MBS 25t
T T

Fig. 4.19. Results of the processing of
Model 5 statistics at a confidence
Fig. 4.16. Results of the processing of interval of 95%.
Model 2 statistics at a confidence

In the development of the statistical ricocheting models, the database
composed of the results of the experiments carried out in CTIP at an
ambient temperature of +20 °C was used.

The comparative analysis of the results of the tests on the entry into
water of standard and processed bullets shall give rise to the following
conclusions:
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1. The structure of empirical dependency describing the entry
process is the same for both standard and processed bullets.

2. The difference between the selected model consists in the
estimates of the regression equation coefficients.

3. When entering an environment, bullets with radial channels
along the enliven part cause a smaller number of ricochets at smaller angles
and do not create ricochets at less than standard bullets.

4.8. Processing of results and assessment of the grouping of hits
in single bullet shooting with altered geometry of the revitalized part.

According to the Polygon Test Methodology,the grouping of 100 m
of the dual cut for the ammunition used and the ballistic barrel used by
producing 20 shots with each model of bullets is determined.

For the assessment of the value of the grouping of the firearm, it is
accepted that the same is to be regarded as a circle of diameter D;,— In
which 100 % of the hits fall. For the purpose of more precise examination
of grouping change, it is considered not as a circle but as an ellipse of
distraction consisting of a large and small axis (Figure 2.10). For the
diameter values of the grouping circle (D,,) the value of the larger of the
two axles shall be taken.

It is necessary to calculate the value of the distance between the
coordinates of the hit points. This can be achieved by means of the
formulae:

- for the vertical plane:

AY = Yinax = Ymin [mm] (4.37)
- for the horizontal plane:
AX = Xmax — Xmin ~ [mm] (4.38)

In order to more precisely determine the values of the large and small
axis of the distraction ellipse, it is necessary to conduct experimental
shootings in which their values for the party of combat supplies used will
be obtained.

After determining the values of the large and small axis of the ellipse
of the scattering using formulas 4.37 and 4.38, the diameter value of the
grouping (D1¢o)-

The measured coordinates of the bullet hits in the hit grouping
experiments carried out are presented in Table 8.1 of Annex 8.

The results of the calculations carried out according to formulas 4.37
and 4.38 are given in Table 13.

Table 13

Line | Type of bu_llets AX AY
No. in the series

1. | Model 0 96 104

2. | Model 1 93 196

3. | Model 2 101 152

4. | Model 3 124 145

5. | Model 4 128 174

44



| 6. | Model 5 | 105 | 130 |

Conclusions:

1. The selected statistical model of the bullet's process of entering
the aquatic environment (4.24) is adequate and describes with confidence
R-sguare=0,9978 for the factory and for all models of processed bullets, the
difference being concluded in the regression equation coefficients.

2. The acceleration of impact with the water barrier depends on the
position and number of channels made on the ogive of the bullet, with the
ducts located backwards from the tip of the bullet having a greater impact
on the ricochet action.

3. The grouping of aerial shooting hits is influenced by the number
and position of the ducts, the deviation from the grouping of the standard
battle pass being at least in the two-ducts models (model 2 and 5) and the
grouping of the Model 5 deviating to the least extent from the grouping of
the standard war pass.

Conclusion.

The factors affecting the ricochet effect of the bullet in the aquatic
environment are: the acceleration of the bullet at the moment of encounter
with the water surface, the angle that is concluded between the tangent to
the trajectory of the bullet and the plane of the water surface at the moment
of encounter with the water surface, the shape of the frontal part of the
bullet.

The channels made on the surviving part of the bullet affect the
change in speed, the grouping of hits in the air environment and the
ricochet action in the aquatic environment, and the bullets with ducts
located on the ogive furthest from the top show the closest results to the
desired values of the ballistic and hydrobalistic parameters.

The statistically determined empirical dependence describing the
process of entering the aquatic environment is structurally the same for
both standard and processed bullets, the difference being expressed in the
estimates of the regression equation coefficients.

When entering the aquatic environment, bullets with radial ducts
along the ogive cause a smaller number of ricochets at smaller angles and
do not create ricochets at smaller angles than standard bullets, which is
due to the influence of the ducts on the ricochet action of the bullet.

Existing cavitating munitions allow for a minimum number of
ricocheting, but have ingly-tested ballistic qualities in an aerial
environment.

When limiting the ricochetaction from the aquatic environment to
a standard combat fuel by a revised front of abullet, there is a minimal
change in external ballistic parameters, indicating a better preservation of
the combat characteristics of the processed standard bullet than the
cavitation.
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The number of channels made on the surviving part of the bullet
does not have a significant impact on its ballistic coefficient, but depends
more on the location of the channel farther from the top of the bullet.

The bullet's late movement in the cavitational cavity affects its
underwater trajectory and angular impulse and leads to deformation
tensions in the bullet's hull elements.

An equation is derived describing the relationship between the
acceleration of the bullet when hit with the water surface depending on
the angle of inclination of the trajectory at the moment of impact and the
ballistic coefficient of the corresponding bullet model.

Equations of the acceleration of the bullet on impact to the water
surface as a result of the statistics processed are drawn, in a function of
the angle of inclination of the bullet's trajectory relative to the water
surface.

The critical angle, which has a value of 15° for the state bullets
and 14° for modified bullets, with no ricochet and all bullets remaining
under the water surface, has been determined.

A statistical model has been chosen that is adequate and describes
the process of the bullet entering the aquatic environment for the factory
environment and for models ofprocessed bullets, the difference being in
the regression equation coefficients.

The grouping of aerial shooting hits depends on the number and
location of the channels, the deviation from the grouping of the standard
battle stock being at least in the two-channel models.
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