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1. AKTyaJTHOCT U 3HAYUMOCT Ha pa3paboTBaHUsl HAYUYEH NP0oOieM
[To npencraBeHuss OT aBTOpa JUCEPTALMOHEH TPYyA HUMa peauua

pa3paboTtku, kato Hanpumep Te3u Ha Ceménos K. I1., Axymku, Carlucci D., Jacobson
S.Chena T., Huang W., Zhanga W., Qia Y., Guod Z.Hartline, P. C., Abraham, G.,
Rowe, W. F. Mc Connell M. P., Triplett G. M., Rowe W. F. Moxnes J., Froyland O.,
Skriudalen S., Prytz A., Teland J., Friis E., Odegardstuen G. u ap., Kakto u
HACTaBJICHUS, TPABUIHUIM WU TP, MyOJWKYBaHW B CICHHAIU3UPAHU H3AAHUS |
JOKJIaIBAHU Ha KOH(EpEeHIIMH M CUMIIO3UyMHU. Te obade He OMMCBAT JOCTAThYHO
MOAPOOHO MPOIECUTE CBBbP3aHU C HABJIM3AHETO, JBMXKEHHETO BBHB BOJHA Cpela U
HAIyCKAHETO Ha ChIAaTa OT KypIIymMa, KOUTO Ca U3KJIIOYUATEIHO BAXKHU OLIEHKA Ha 3a
aHaju3a Ha (PaKTOPUTE BIUSEHIN BbPXY CTAOMIHOCTTA HA KypIllyMa MpH ABUKEHUE B
pa3nuyHu cpeau. AHAIM3bT HA MOCIEAHUTE OT CBOSI CTPaHA MOXE J1a C€ U3MOJI3BA 3a
neduHUpaHe Ha H3UCKBaHUS KbM (opmaTa Ha Kypliyma 3a MoJoOpsiBaHE Ha
JBUKEHUETO MY B CPEIU C pa3IMyHA ITbTHOCT U OTPAHMYABAHE B MAKCUMAJIHA CTEIICH
MOJy4YaBAHETO HA PUKOUIETH.
ABTOPBT € u30pai 3a 00EKT Ha U3CJIEIBAHETO €IMH OT Hall-pa3npOCTPAHCHUTE
y Hac 6oemnpumnac - 7,62x54 mm. KypiiryM, KaTO OCHOBHUSAT MIPEAMET Ha U3CIIEBAHETO
€ OIICHKaTa Ha BIMSHUETO HA PaJHalIHA KaHAJIU, U3pa00TEHH 110 O’KUBAJIHATA MY YacT
BbPXY PHUKOLIETHOTO MYy JEWCTBHE INPU yAap BbB BOAHA cpeda. B Ta3um Bpb3Ka €
dbopMmynupaHa 1enTa Ha AUCEPTAIMOHHUSA TPYJ — H3CJEABAHE Ha BIUSHUETO Ha
dbopmarta Ha KypIlIyMa BbpXY PHUKOIIETHOTO MYy JEHCTBHE TIPH cpelia ¢ BOJIHA Cpelia U
MOBUIIABAHE HA AHTUPHUKOIIETHOTO JEHWCTBHE HA KypllyMa Ha ChIIECTBYBAIl]
Ooenpunac, rpynupaHocTTa Ha KOWUTO Ja ObJe B HOPMHUTE 3a TPYNHPAHOCT HA
MOMA/ICHUATA 32 CbOTBETHATA CTPEJIKOBA CUCTEMA.
3a mOCTUraHe Ha Ie]Ta Ha JUCEPTAIMOHHUS TPY]l aBTOPHT CU € MOCTABUII U €
PELINI CJIEIHUTE OCHOBHU 3aJa4U:
- Cp3maBaHe Ha TEOPETHMUEH MOJed Ha (opMara Ha Kypuiyma C Iel
MOBHUIIIABaHE HA AHTUPHUKOILIETHOTO MYy JIEUCTBUE MPU CTpeJida 1Mo BoJAHA

MIOBBPXHOCT.



- U3BppiiBaHe Ha EKCIIEPUMEHTAIHO U3CJICIBaHE Ha BIUSHUETO Ha
¢dbopMaTa Ha KypIryMa BbpXy PUKOIIETHOTO My JIEHCTBUE MIPpH CTpesbda 1mo
BOJIHA TIOBBPXHOCT.

- OleHsiBaHE Ha aJIeKBaTHOCTTA Ha pa3pabOTEHUSIT TEOPETHUEH MOJIEN Ha
dbopmara Ha KyplrymMa C IIeJT MOBUINABAaHE HAa AHTHUPHUKOIIETHOTO MY
JIEHCTBUE TIPU CTpeda Mo BOJHA TTOBBPXHOCT.

[Ipu pa3paboTBaHETO HA TUCEPTAIMOHHUS TPYA Ca HW3MOJ3BAHU Pa3IUIHU
HAyYHHU METOJIA ¥ TIOIXO/IH, KaTO aHAJIN3 M CHHTE3, CUCTEMEH ITOIX0/1, MAaTEMaTHIECKO
MOJIeJIUpaHe U JIPYyTH.

TemaTta Ha qUCepTaIlMOHEH TPYJ CHOTBETCTBA Ha OCHOBHOTO ChIIbP)KaHHE Ha
pazpabotkara. IlpencraBenusi Tpya Cbabpxka peauiia HOBU (aKTH, KaTo OCOOEHO
[IEHHU ca pa3pabOTEHUTE METOJUKH W TOJyYCHUTE B PE3yJITaT Ha IMPOBEJACHUTE
EKCIIEPUMEHTH JaHHU TOTBBPIKAABAIN AaHATUTUYHUTE PE3YJITATH.

2.0011a XapaKTepUCTUKA U CTPYKTYPA Ha AUCEPTALMOHHUSA TPy
JlucepTallMOHHUAT TPYJ CE€ ChCTOM OT: YBOJ, YETHUPH TJIABH, 3aKIIOUYEHUE,

CHHMCHK Ha Hay4YHUTE MyOJMKALlMU 110 TeMaTa, CIUChK Ha M3IO0JI3BaHATa JIMTEPATYpa,
MPUIIOKEHUS.

HuceptanioHHusT Tpya € B ooem 142 ctpanunu, ¢ 30 6post Tabmuim, 35
Oopost gurypu, 22 crpanunu npuioxkeHus. JluteparypHarta crpaBka BkiIrouBa 132
JUTEPATYPHU U3TOUHHUKA.

[IpoBeneHnTEe aHANW3M, W3BBPLICHUTE W3CIECABAHUSA, MOJEIUpaHUATA U
IIPOBEICHUTE EKCIIEPUMEHTH U3SICHIBAT IETAlIHO BIUSIHUETO Ha (popmaTa Ha 7,62x54
MM KypIIyM BbPXY PUKOIIETHOTO MY JIEHCTBHE IIPU CPEIIA C BOJAHA CPEAA, KAKTO U Ha
OCHOBHUTE (DAKTOPH CBBP3aHU C MOBUIIaBaHE HAa aHTHUPUKOIIETHOTO MY JEHCTBHE U
OCUT'ypsIBAaHE Ha HW3MCKBaHaTa TPYNUPAHOCT Ha TOMAJCHUSTA MPU HETOBOTO

H3I1I0JI3BAHC.



B I'masa I - AHAJIN3 HA ®AKTOPUTE, OKA3BAIIIU BJIMSHUE HA
PUKOIIETHOTO JIEMCTBUE HA KYPIIIVMA OT BOJIHA ITOBBPXHOCT ca
pasrielaHd yCJIOBHUATA 3a BB3HUKBaHE W (AKTOPUTE BIMSCIIA HA PUKOIICTHO
JIEUCTBME Ha KypIIyMa - BBHINHO OaTUCTUYHUTE M MEXaHUYHUTE MapameTpu Ha
KypIIyMa 1 MEXaHUIHHUTE XapaKTePUCTUKN Ha Cpeara.

OcBeH TOBa ca aHAIM3UPAHM CHINECTBYBAIIMTE MOJESIH Ha KypIIyMH 3a
HaMajJeHO pHUKOLIETHOTO JEHCTBUE TMpU Cpelia C BOJAHA TMOBBPXHOCT -
CyTepKaBUTAIMOHU OOempuacy, OOCIPHUITACUTE ¢ KAaBUTUPAIIl ChPICUHUK.

OnucaHo € MPOTUBOPEUUETO MEXKIY XUAPOOATMCTUYECKUA XaPAKTEPUCTUKH
Ha KypIIymMa H aepoAMHAMUYHHUTE MY XapaKTePUCTUKH, KOUTO BIHUAIT Ha
TaIeK0O00HHOCTTa U TPYITUPAHOCTTA HA MTONAACHUATA.

dopMynHpaHd ca HM3BOAM 3a TOBA, Y€ CBHIICCTBYBAIIUTE KaBUTHUPAIIU
Ooempumnacy, KOUTO ca TMpeAHa3HAYeHW 3a CTpenda KbM, OT M BBHB BOAHA cpena
MPUTES)KABAT BIOMICHN OAMCTUYHN KadeCcTBa BHB BB3YIIHA CPElla, ue pa3TiIcaaHuTe
XUAPOOATTMCTUYHU MOJIENIM HAa OOEKTH C pa3jinyHa YeJIHAa YacT HE MO3BOJISIBAT Ja ce
aHaIM3Mpa U3MEHEHUETO HAa TEXHUTE BHHITHO-0ATMCTUYHH TTapaMEeTPH U Y€ CIUH OT
BB3MOKHUTE HAUYMHU 32 OTPAaHUYABAHETO HA PUKOIIETHOTO JEHCTBUE HA KypIllyMa OT
BOJ[HA Cpella M ¢ MUHMMAJTHA 3ary0a Ha KWHETHYHA €HEPTHsl BbB BB3AYyIIIHA CpPeaa ©
pa3paboTBaHe Ha KypIIyM Ha CTaHAapTeH OoemnpuIiac ¢ npepaboTeHa YelHa 4acT.

B I'masa 11 - MOJEJIMPAHE HA ITPOLIECA HA ITPOHUKBAHE U
JNBWXXEHUWE HA KYPIIYM C UISMEHEHA TEOMETPUA HA YEJIHATA YACT
BHB BOJIHA CPEJIA e ananmu3upaHo BIusHHE Ha (opMara Ha Kypliyma Mpu
JIBMKEHUETO MY BbB BB3/YIIIHA Cpe/ia upe3 OATMCTUIECKUS KOSPHUITUESHT.

[Topamu ¢upMeHa KOH(PHIACHIMATHOCT B JOCTHITHUTE HW3TOYHHIIM YECTO
HsIMa KOHKPETHH JaHHU 33 OATMCTHYHUS KOC(PHUIIMCHT U ChOTBETHO 3a KOC(HHUIIMEHTA
Ha ¢dopmara Ha KyplIyMa 3a KypIIYMH C paJdajHd KaHajdd, KaTo 3a TAXHOTO
oTpeesTHE My aBTOPHT MpHUiIara eMIUPUICH MOIX0J, CBbpP3aH C MPOBEKIAHETO Ha
EKCIIEPUMEHTATHU CTPETION 3a KOUTO € pa3paboTeHa METOIHKA.

OcBeH TOBa B Ta3W TJIaBa aBTOPHT € MPEIIOKIIT aJanTHPaH 3a pa3TIIekKIaHUI

cnyqaﬁ Ioaxona 3a XI/II[pO6aJ'H/ICTI/I‘—IHO MOACINPAaHC Ha ITPOLCCHUTC BbB BOJHA CpCa. Ha



Ta3u 0a3a TOM € MpoBeJ JETAaHIHO MOJIEIMpPAaHe Ha Mpolieca Ha BIU3aHE Ha KypIIyMa
BbB BOJHA Cpela U CTAaTUCTUYECKO MOJEIHMPAHE HA PUKOLICTHOTO JCHCTBUE Ha
KYpILYM CpeieH KanuObp 3a CTPEIKOBO OPBKUE NPH Cpella C BOJHA Cpela.

B pesynarar Ha u3ciieiBaHusTa BbB BTOpA r1aBa aBTOPbT € GopMyIupall U3BOIU
3a TOBa, Y€ OPOAT HA KaHATUTE, U3pA00TEHU BHPXY 0KMBAJIHATA YACT HA KyplIyma, HE
OKa3Ba CHIIECTBEHO BIUSHAE BHPXY OATUCTUICCKUS KOS(HUIITUCHT, KOUTO 3aBUCH B TIO-
rojisiMa CTENEH OT OTCTOSIHMETO Ha I10-OTJAJICYCHUs KaHajl OT BbpXa Ha KypllyMa,
MO3UIKATA HA KypIIyMa BbB BOJHATAa KyXHHA CE€ BJIMSEC CHIIECTBEHO OT ,,KaMIIMKA®,
KOETO Ompeess Jaliu TMOJBOJHATA TPACKTOpHsS Iie ObJe HACOUYEHAa Harope KbM
MOBBPXHOCTTA, HAJI0TY WIIH T10 MIpaBa JIUHUS, IPEII0AKEHOTO ypaBHEeHuUE (2.25) onrcBa
Bpb3KaTa MEXJY YCKOPEHHETO Ha KyplIyMa MpPH yIap C BOJAHATAa MOBBPXHOCT B
3aBUCUMOCT OT BI'bJla HAa HAKIOHA Ha TPaeKTOpUATA B MOMEHTAa Ha yJapa u
OanuCTUYEeCKUs] KOC(PUIIMEHT Ha CHOTBETHHUS MOJIEN KYypIIyM, a MPEIOKECHUTE
dbynkunoHanHu ypaBHenus 2.31; 2.33; 2.35; 2.37 u 2.39, nosiyueHu B pe3yaTaT Ha
00paboOTEeHNUTE CTAaTUCTUYECKHM JaHHU omnucBaT (GYHKIUATA HAa H3MEHEHHE Ha
YCKOPEHHUETO Ha KyplLIyMa IpHU yAap BbB BOJHATA IOBBPXHOCT B 3aBUCUMOCT OT bI'bJIA
Ha HAKJIOHA HA TPACKTOPUATA HA KyplIyMa CHPSIMO BOJHATa MOBBPXHOCT B MOMEHTA
Ha yzaapa.

B I'masa III - EKCIIEPUMEHTAJIHO U3CJIEABAHE HA BJIMAHUETO
HA ®OPMATA HA KYPIIVMA BBPXY PHUKOIIETHOTO MY JIEMCTBUE
TP CPEIIA C BOJAHA CPEJIA aBTOpBT € M3cieaBal BIUSHUETO Ha ¢opmaTa Ha
KypllyMa BBPXY TpYNHUpPAHOCTTa Ha CTpendaTa, M3MEHEHHETO Ha CKOPOCTTa U
PUKOULIETHOTO JEHUCTBUE BbB BOJHA CpPEA.

3a ompenensiHe Ha TpynupaHocTTa Ha 7,62x54 mm maTpoHU ca MPOBEIACHU
W3MHUTBAHUS CJel MpoMsiHa Ha QopMara Ha KyplIiymMa UM C IIeJI HaMalisBaHE Ha
pUKOIIETHOTO My AeiicTtBue. Ilpu chimute mpomeHn Ha (popMara Ha Kypliyma ca
MIPOBEJCHN M3MHUTBAaHUS C LEJ M3CIEABAHETO HAa M3MEHEHHETO Ha CKOPOCTTa Ha
7,62x54 mm naTpoHH, KaTO C€ € OMPEAEAI0 U3MEHEHUETO HA CKOPOCTTA HA KypIllyMa
Ha pa3CTosiHuE 25 MeTpa OT AyJHUs cpe3. M3cinenBane Ha pUKOIETHOTO AEHCTBHUE Ha

7,62x54 mm maTpoHH clieql TpoMsiHa Ha (popmaTa Ha KypllyMa UM € TIPOBEJIEHO KaTo



ca ce € OlEHsBAIM Oposi HA KypIIYMUTE, PUKOIIMPAIM OT BOJHATA MOBBPXHOCT MpHU
paznuyHu briM Ha magade (ot 1° mo 15° cmpsiMo Xopu3oHTajgHaTa paBHUHA)
YCTAaHOBEHH 4pe3 Oposi Ha MNpOOOMHHUTE BBPXY WIIUT MU CIEHUATHO pa3padoTeHa
IIJIABAIA MUILIECHA.

[TocoueHnTe H3MUTBAHETO CAa C€ M3BBPIIBAIA O CHEUUATHO pa3zpaboTeHa
metoauka cbBMecTHO ¢ [IATUII - 3meiioBo ¢ mo 20 uzctpena ¢ 6oenpunacu ot Besika
MoauduKalys Ha KypIryma.

Ha Oa3zata Ha mnpoBeJeHUTE B TpeTa TjaBa H3CIEABaHUS € pa3paboTeHa
METO/IMKA 3a TIOJMTOHHU M3MUTBAHUA 32 W3CJICJBAHE HA BIMSHUETO HA (popMara Ha
KyplIyMa BBpPXy TIpYNHpPAHOCTTAa Ha CTpesdaTa, W3MEHEHUETO Ha CKOPOCTTa H
PHUKOILIETHOTO JIEHCTBUE BbB BOAHA cpesia. OCBEH TOBa ca MPOEKTUPAHU U U3pAOOTEHH
TEXHOJIOTMYHU MPUCIIOCOOTEHUsT 3a H3pabOTBaHE HA KAaHAIM 3a HW3MEHEHUE Ha
reoMeTpuyHaTa (opma Ha Kypllyma, MUIIEHA 3a PErHMCTPUpaHE Ha PHUKOIIETH Ha
KypILIyMHUTE OT BOAHA CPe/ia, CTOMKA C MPUCIIOCOOIEHUS 32 YCTOMUMBO 3aKpENBaHE Ha
CTaHOK ,,baprHOB*‘ Ha Opera Ha BOJIeH 0ACeiiH OCUTYPSIBAT YCIIEIIHOTO U3IIbIHEHUE Ha
EKCIIEPUMEHTA.

Koncratupano e, 4e mpu brbJ Ha yaapa 2° ce yBelW4yaBa BUCOUYMHATA Ha
PUKOLIETUTE HA MPEPaOOTEHUTE KyPILyMHU B CPABHEHUE C TE€3H, OJYUECHH IIPU CTpesioa
ChC CTaHJIapTeH OoenpuIiac, KOeTo MoKa3Ba, 4ye NpepaboTEeHUTE KypIIyMH HE OTCKayaT
OT BOAHATa MOBBPXHOCT, @ HABJIM3aT BbB BOJHATA CPENA, CIEI KOETO PHUKOIIMPAT C
bIJIM HA PUKOLIET, IMO-TOJIEMHU OT BI'BIIBT HA CpPEIla ¢ BOJHATA TOBBPXHOCT. [Ipu brim
Ha CKJIOHEHue Mexay 2° m 8,8° 3a marHuTte Kypuymu U mexay 1° m 8,7° 3a
Moau(ULIpaHUTE KypIIyMH ce HaOJi0JaBa PUKOLIETHO JEWUCTBUE CIIE]] HABIIM3aHE
BBB BOJIHaTa cpeaa. [Ipu brim Ha CKIOHEHHE OT 8,8° 3a MATHUTE KypLIyMH U OT 8,7°
3a MOIU(DUIIMPAHUTE KYPIIYMHU PUKOIIETUTE 3al0YBaT Ja HAMAISIBAT U KypUTyMHUTE
OCTaBaT IOJ BOAHATa MOBBPXHOCT. lIpu brim Ha ckinoHeHue Han 15° 3a matHUTE
KyplryMu 1 Haj 14° 3a Monu@uIMpanuTe KypiryMu, OTChbCTBAT PUKOIIETH U BCUUKH

KypmayMH OoCTaBat I1oa BOJHATA ITIOBBPXHOCT.



B T'maBa IV - OBPABOTKA HA PE3VJITATHUTE W OLEHKA HA
AJIEKBATHOCTTA HA MOJIEJIA aBTOpbhT € NpeayioKuiI MOAXO 3a ONPEACISHE
Ha HEOOXOAMMHUAT MUHHMMAaJEH Opoil ONWTHMU JaHHU M KPUTEPHUM 3a OIEHKAa Ha
aJICKBaTHOCTTA Ha MOJICIIUTE.

[IpeniokeH € CTaTUCTUYECKH MOJIEN Ha ITPOLIECca HAa HABJIM3aHE HAa KypIIyMa BbB
BOJHA Cpela C M3MOJI3BAHE HA EMIMPUYHUTE 3aBUCMMOCTH OT BTOpA IJIaBa, KaTo 3a
o0paboTBaHE HA JJAHHUTE € M3MOJI3BaH copTyepHuUs NpoaykT “Matlab - version 7.0”.
[Ipunoxena e npouenypara 3a perpeCHOHEH aHAJIW3 HA CTaTUCTUYECKUTE JAHHHU U
n300p Ha HaW-MTOAXO/SIINS MOJIEN ONMCaHa BbB BTOpA TJIaBa.

B Ta3u rnaBa aBTOPBHT € MPEIOKHI MOJCIA HAa PUKOIIETHOTO JCHCTBUE Ha
OOMKHOBEH KYpILLyM U Ha KypIIyM C ©3MEHEHA T€OMETPHS Ha 0KMBAJIHATA YacT CPEJICH
KaJuObp 3a CTPENIKOBO Opbkue. [IpoBesieH € CpaBHUTENEH aHAINU3 HA U3CJICIBAHUTE
ypaBHEHUS Ha MPOLIeca Ha HABJIM3aHE BbB BOJIHA CPEJIa M OIIEHKA Ha aJIeKBaTHOCTTA Ha
MoOJ/ieJla Ha M3MEHEHHE Ha YCKOPEHHETO BbB (PyHKIMS Ha ¢opmara Ha Kypuiyma.
[IpencraBenu ca o0paOOTEeHUTE pe3yJTaTH M OlLEHKaTa Ha TPYNUPAHOCTTa Ha
NonajeHusITa TpU €AUHUYHA CTpenda ¢ KypUIyM C HU3MEHEHa TI€OMETpHUsl Ha
O’KMBaJIHATA YacCT.

Ha 0a3zata Ha U3I0KEHOTO MOra Ja TBbPJSA, Y€ M30paHUAT OT JOKTOpaHTa
MOJIXOJ1 OCUTYPSIBA MOCTUTAHETO HA TTOCTABEHUTE TIPEJT HAYYHUSI TPY/I LIeT U 3aa4H.

[TocTurnarure pe3ynaTaTd B TUCEPTAIIMOHHMS TPYJ CE SBSIBAT TEOPETHYHA
HOBOCT, JOMBbJIHEHA C €KCIIEPUMEHTATIEH U (PAKTOJIOTHYECKH MaTepHuall, OTBOPEHa 3a
JTOMBJIHUTEIHN U3cheABaHusA. HampaBeHUTe 3aKiIOYEeHUs MPaBUIHO OOSCHSBAT
dbu3nyeckaTa KapTUHA HA U3CJICIBAaHUTE SBJICHUS U Ca JIOTUYECKU 3aBbPIICHH, TOPAIn
KOETO MAaTepUATbT € JJOCTOBEPEH U MPETEHIWPAHUTE OT aBTOpa MPUHOCHU CIIEJBA Jia

ObJaT MPU3HATH.

3.XapakTepucTHKA HA HAYYHUTE U HAYYHO-TIPHJIOKHUTE MIPUHOCH B
AUcepTalMOHHUSA TPYA. JlocToBepHOCT HA MaTepHaJia
B nucepranmonnust tpya ca (GopmyJiMpaHd HAyYHO-TIPUJIOKHUA W TPHIIOKHU

IIPUHOCH, KOUTO IIPUECMEM 34 JIMYHO ACJI0 Ha aBTOpaA. I[OCTOBepHOCTTa Ha pE3yJITaTUTC

€ IIOTBBPACHA YPE3 HATYPHHU CKCIICPUMCHTH.



4.01eHKa HA HAYYHHUTE Pe3yJTATH U NPUHOCUTE HA TMCEPTAIMOHHUSA TPY]
B pesynTaTt Ha u3cnenBaHusATa, aBTOPHT € AePUHUpAN YETHPU OpOsl HAYUIHO —

OPWIOKHU TPUHOCH, CBBP3aHM C JIOpa3BUTa € TeopusiTa 3a OIpeessiHe Ha
OamcTrueckusi Koe(hUIMEeHT, Ha YCKOPEHUETO Ha KypIllyMa Py HaBJIN3aHE BHB BOJIHA
cpela Mpu HaJIMYME Ha paJualHM KaHAIM MO OXKMBajHaTa 4YacT Ha KyplIyma,
pa3paboTBaHe Ha CTATUCTUYECKU MOJIET 32 U3CJIeIBAaHE U3MEHEHUETO HA YCKOPEHUETO
Ha KyplIyMma NpH HaBJIM3aHE BbB BOJIHA CPEJla C OTYMTAHE HA BIUSHUETO HA BI'bIIBT HA
cpellla ¢ BOJHATa MOBBPXHOCT M Ha MeToluKa 3a MOJMIOHHU HW3MUTBAHUS 32
W3CIIC[IBAaHEC Ha BIMSHUETO Ha ¢opMara Ha KypliymMa BBPXY TPyHHPAHOCTTAa Ha
cTpenbdara, I3MEHEHHUETO Ha CKOPOCTTA Ha KypIllyMa U pUKOIIETHOTO MY JCHCTBHE BbB
BOJIHA Cpefa.

ABTOpPBT € AepuHUpaT U YETUPU OpOsi MPUIOKHU MPUHOCHU, OTHACSIIU CE€ J10
EKCIIEPUMEHTATHOTO KOHCTAaTUpaHe Ha (akTa, ye HAIMYMETO Ha paualIHi KaHAIH 110
O’KMBaJIHATA YacT Ha KypIllyMa BOJM JI0 HAMAJIsIBAHE HA PUKOIIETHOTO JICHCTBUE BHB
BOJHA cpena, A0 pa3pabdoTBaHe Ha MpoOLEAypa 3a H3MNUTBAHE HA PHUKOIIETHOTO
NEUCTBUE BBB BOAHA CpeAa, IPYyNUPAHOCTTA HaA IMONAJCHHUATA U W3MEHEHHE Ha
CKOpPOCTTa BbB BB3/IyIIIHA CpeJla Ha KypIIIyM Ha OOenpuriac ¢ HOMEHKJIATYPEH UHJIEKC
7,62x54 mm., no cb3gaBaHe Ha (U3MUECKH MOJEIM Ha IOCOYCHUS KYypIIyM C
M3MeHeHa (popMa Ha O’KMBAJIHATA YacCT, C 11eJT HaMaJIIBaHEe Ha PUKOIIETHOTO JICHCTBHE
BbB BOJHA Cpela, KaKTO M JI0 MPOEKTHUPAHE M H3pa0OTBaHE Ha TEXHOJOTHMYHO

obopy/IBaHE 32 OCUTYPSIBaHE Ha HETOBOTO €KCIIEPUMEHTATHO U3ITUTBAHE.

HOJ’Iy‘lCHI/ITC pe3ydaTaTu UMaT BaA)KHO MCTOAOJOTMYCCKO U IIPHUJIIOKHO 3HAYCHHC 3ad

pa3BUTHE HAa BOCHHATAa HayKa M 0Opa3oBaTesiHaTa JAEMHOCT B 00JIaCTTa HA TMHAMUKATa U

OaJIMCTUKATA.

5.0neHKa Ha MyOJMKANMUTE M0 AUCEPTANUATA U ABTOPCTBOTO

[To TemaTukaTa Ha TUCEPTALMOHHUS TPYJ JOKTOPAHTHT € MpeAcTaBuiia o010 TpU

HY6J'II/IKaI_II/II/I, ABC CaMOCTOATCIIHM H C€IHAa B CBbABTOPCTBO, KOCTO JOKAa3Ba HCIOBOTO

aBTOPCTBO B chiuTe. [lyOnukamnronHaTa 1eHHOCT Ha aBTOpa OTroBaps Ha W3UCKBAHUATA

Ha 3PACPD u [IpaBuiiHrKa 3a HETOBOTO MPUJIOKEHUE.

6.JluTepaTypHa 0CBEJOMEHOCT U KOMIIETEHTHOCT HA JOKTOPAHTA



ABTOpBT € M3MOJ3Bal TBopuecku 132 Oposi JIUTEpaTypHU H3TOUYHUKA, KOETO
JI0Ka3Ba J1I00pOTO MO3HABAaHE HA CBETOBHUTE JOCTUKEHUS B U3CJIe/IBAHATA 00JIACT.

7. Ouenka Ha aBTopedepara
ABtopedepaTsT € ¢ 06eM OT 51 cTpaHWIM U MPABUIHO OTpPa3siBa OCHOBHHUTE

IMOJIOKCHUA M HAYYHHUTC IMPHUHOCH HA AUCCPTAUOHHUA TPpyd B CBOTBCTCTBHUC HaA
HN3HUCKBAaHUATA.

8. Kputuunm OejieskKku
Ha otnmennm mecTta ca JOMyCHAaTH TEXHWYECKH TPEIIKU M YCIOKHEHH H3Pa3u.

[IpemoppuBaM Ha aBTOpa Ja YyBEIMYM IyOJUKALMOHHATA CHU JIEHHOCT C Lell
NOMYJIIPU3UPAHE Ha MMOTYYEHUTE B TUCEPTAMOHHUS TPy PE3YJITATH, a ChILO TAKa /1a
LUTUPA [10-9ECTO U3MOI3BAHUTE JIUTEPATYPHU U3TOUHHIIU

9.JIu4HM BNeYAT/IeHNs U IPYTH BHIPOCH, N0 KOUTO PeleH3eHThT CYNTA, ye
cJie[IBa 1a B3eMe OTHOLIeHHe
Hsamam nmuyHu BrieyaT/IeHHs] OT HAYYHOTO Pa3BUTHE HA IOKTOPAHTA..

10. 3akJIloueHue
[IpeacTaBeHUAT AUCEPTANMOHEH TPYJ MPEICTaBIIsABA 3abJIO0YCH U 3aBbPIICH

TPyl BbpPXY aKTyajlHa 3a pa3BUTHUETO Ha JAWMHAMHUKAaTa M OaJuUCTUKATa TeMa, C
ITIOCTUTHATU MHTEPECHU HAYYHO-TIPUJIOKHU U MPWIOKHU NIPUHOCH, TOM J0Ka3Ba, ye
JOKTOPAHTHT UMa 3HAHUS, YMEHUS U Bb3MOXKHOCTH J1a pa3pab0TBa BaXKHU BHIIPOCH OT
TEOpUsATa U MPAKTUKATA HA BHOPBKEHHETO. ChIIMUAT OTroBaps Ha U3MCKBAHUsATA 3a
npuaoOMBaHe Ha oOpa3oBaTelHATA WM Hay4yHa CTENeH ,,JJOKTOp~ OT aBTopa Ha
JTACEPTAMOHHUS TPY.

11. OueHka HA TMCEPTALMOHHUSA TPYH
JlaBaM TIOJIOKUTENIHA OIICHKAa Ha JUCEPTAIlMOHHMS TPyl M TMpejiaraMm Ha

YJIEHOBETE Ha yBakaeMoTo HayuyHo xypu na rimacysar ¢ “/IA” 3a nmpucexiaaHe Ha
Pocen Henkos JlazapoB oOpa3oBaTenHara u Hay4Ha cTerneH “/[okTop” mo JOKTOpcka
nporpama ,,JlnHamuka, 0aJuCcTHKa U yTIpaBJeHHE Ha I0JIeTa Ha JIETaTeTHUTE arnapaT’,

5.13. O61110 UHXKEHEPCTBO, 5. ,, TeXHUYECKH HAyKHU .

19.05.2022 r. Penensenr:
rp. Codus npod. /H. JI. T'eoprues/
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1. Relevance of the scientific problem developed
According to the thesis presented by the author, there are a number of

developments, such as those of Séménov K. P., Yakuski, Carlucci D., Jacobson
S.Chena T., Huang W., Zhanga W., Qia Y., Guod Z.Hartline, P.C., Abraham, G.,
Rowe, W. F. McConnell M. P., Triplett G.M., Rowe W. F. Moxnes J., Froyland O.,
Skriudalen S., Prytz A., Teland J., Friis E., Odegardstuen G. etc., as well as
Instruction, regulations, etc., published in specialized publications and reported at
conferences and symposiums. However, they do not describe in sufficient detail the
processes related to the penetration and movement in the water environment and the
departure of the bullet from the same, which are extremely significant for the analysis
assessment of the factors affecting the stability of the bullet in different environments
moving. The analysis on the last in turn may be used to define bullet shape
requirements to improve its movement in environments of different density and limit
to the maximum extent the receipt of ricochets.

The author has chosen for the object of the study one of the most common
ammunitions in Bulgaria - 7.62x54 mm bullet, as the main subject of the study is the
assessment of the influence of radial duct made on its ogive upon ricochet action of a
hit in the water environment. Due to this it is formulated the purpose of the
dissertation - research of bullet's shape influence on his ricochet action in
encountering at water environment and enhancing 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.

In order to achieve the purpose of the dissertation, the author has set and
decided on the following basics tasks:

- Creation of a theoretical model of bullet’s shape in order to increase its
anti-ricochet action when shooting on a water surface.
- Conduction of an experimental study of bullet’s shape influence on his

ricochet action while shooting on a water surface.



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

In the development of the dissertation, various scientific methods and
approaches are used, such as analysis and synthesis, systematic approach,
mathematical modeling, etc.

The theme of dissertation corresponds to the main content of the development.
The dissertation presented contains a number of new facts, with the methodologies
developed and data obtained as a result of the experiments confirming the analytical
results.

2. General characteristics and structure of the dissertation.
The dissertation consists of: introduction, four chapters, conclusion, list of

scientific publications on the subject, list of literature used, and annexes.

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

The analyses, studies, modelling and experiments carried out detailed
clarifying the influence of a 7,62x54 mm bullet’s shape on his ricochet action while
encounter water surface, as well as the main factors related to increasing its anti-
ricochet action and ensuring the required grouping of hits in its use.

In Chapter I - ANALYSIS OF THE FACTORS INFLUENCING OF THE
BULLET’S RICOCHET ACTION FROM WATER SURFACE have been examined
the conditions of occurrence and factors influencing the bullet’s ricochet action -
externally ballistic and mechanical parameters of the bullet and mechanical
characteristics of the surroundings.

In addition, existing bullet models for reduced ricochet action when
encountered with a water surface have been analyzed - supercavitation ammunition,
ammunition with a cavitating core.

Has Dbeen described the contradiction between the hydrobalistic
characteristics of the bullet and its aerodynamic characteristics, which affect the

range and grouping of hits.



Conclusions have been formulated that existing cavitating ammunitions,
which are designed to fire to, from and into the water surface, possess worsening
ballistic qualities in an airy environment, that the review hydrobalistic models of
objects with different frontal parts do not allow to analyse the modification of their
external ballistic parameters and that one of the possible way to limit the ricochet
action of the bullet from the water environment and with minimal loss of kinetic
energy in an airy environment is to develop a bullet of a standard ammunition with a
revised frontal part.

In Chapter Il - MODELING OF THE PROCESS OF PENETRATION
AND MOVEMENT OF A BULLET WITH MODIFIED GEOMETRY AT THE
FRONTAL PART IN AN WATER ENVIRONMENT, is analyzed the influence of
the shape of the bullet in its movement in the air through the ballistic coefficient.

Due to business's confidentiality, on the available sources, there is often no
specific data for the ballistic coefficient and, accordingly, for the bullet shape
coefficient with radial duct, as for their determination the author applies an empirical
approach related to the conduct of experimental shootings for which a methodology
has been developed.

Furthermore, in this chapter, the author suggested adapted for the reviewed
case approach for hydrobalistic modeling of processes in the water environment. On
this basis, he conducted detailed modeling of the process of entering the bullet into
the water environment and statistical modeling of the ricochet action of a medium-
caliber bullet for small arms in encounters with a water environment.

As a result of the researchers in chapter two, the author has been formulated
conclusions that the number of the ducts made on the ogive of the bullet does not
have a significant effect on the ballistic coefficient, which depends to a greater extent
of the distance of the more distant duct from the tip of the bullet, the possion of the
bullet in the water 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, the suggested equation (2.25) describes the relationship between the

acceleration of the bullet in impact 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, and the suggested functional equations 2.31; 2.33; 2.35;
2.37 and 2.39 obtained as a result of the processed statistical data describe the
function of changing the acceleration of the bullet when hit in the water surface,
depending on the angle of inclination of the bullet's trajectory relative to the water
surface at the time of impact.

In Chapter 11l - EXPERIMENTAL RESEARCH OF THE BULLET'S SHAPE
INFLUENCE ON ITS RICOCHET ACTION IN ENCOUNTERS WITH THE
WATER ENVIRONMENT, the author researched the influence of the bullet shape
on the grouping of shooting, speed alteration and ricochet action in the water
environment.

To determine the grouping of 7,62x54 mm cartridges, researches have been
carried out after changing the shape of their bullet in order to reduce its ricochet
action. In the same changes in the bullet's shape, researches have been carried out to
examine the speed alteration of 7,62x54 mm cartridges, as has been determined the
bullet's speed alteration at a distance of 25 metres from the barrel cut. A research of
the ricochet action of 7.62x54 mm cartridges after a change of their bullet's shape has
been conducted by assessing the number of bullets ricocheted off the water surface at
different angles of fall (1 to 15 relative to the horizontal plane) established by the
number of punctures on a shield and specially designed floating target.

Pointed out examination have been carried out in a specially developed
methodology jointly with CATTF - Zmeiovo with 20 rounds of ammunition from
each bullet’s modification.

Based on the conducted in chapter three examination, a methodic for polygon
tests has been developed to research the influence of bullet shape on grouping, speed
alteration and ricochet action in the water environment. In addition, have been
developed technological devices for the development of duct for changing the bullet
geometric shape, a target for registering ricochets of bullets from water environment,
a stand with devices for the sustainable attachment of frame "Barinov" on the shore

of the water pool that ensure the successful execution of the experiment.



It has been established that at an angle of the impact 2° increased the height of
the ricochet of the reworked bullets compared to those obtained by firing with
standard ammunition, indicating that the reworked bullets do not bounce off the water
surface but enter the water environment and then ricocheted with ricochet angles
greater than the angle of encounter with the water surface. At angles of inclination
between 2° and 8,8° for regular bullets and between 1° and 8,7° for modified bullets,
a ricochet action is observed after entering the water environment. At inclination
angles of 8.8° for regular bullets and 8.7° for modified bullets, ricochets begin to
decrease and bullets remain below the water surface. At angles of inclination above
15° for regular bullets and over 14° for modified bullets, ricochets are absent and all
bullets remain below the water surface.

In Chapter IV - PROCESSING OF RESULTS AND ASSESSING THE
ADEQUACY OF THE MODEL, the author has suggested an approach to determine
the required minimum number of experimental data and a criterion for assessing the
adequacy of models.

A statistical model of the process of entering the bullet into the water
environment with using the empirical dependencies of chapter two has been
suggested, by using the software product "Matlab - version 7.0" to process the data.
The procedure for regression analysis of the statistical data and selection of the most
appropriate model described in Chapter 2 has been applied.

In this chapter, the author suggested models of the ricochet action of a mid-
caliber ordinary bullet and of a mid-caliber bullet with altered geometry of the ogive
for small arms. A comparative analysis of the examined equations of the process of
entering at the water environment has been carried out and an assessment of the
adequacy of the acceleration alteration model in function of the bullet shape. The
processed results and the assessment of the hits grouping of a single fire with altered
geometry of the bullet ogive are presented.

Based on the above, | can argue that the approach chosen by the PhD student

ensures achieving set before scientific work the objectives and tasks.



The results achieved in the dissertation are a theoretical novelty, supplemented
by experimental and factual material open for further research. The conclusions made
correctly explain the physical picture of the phenomena examined and are logically
completed, therefore the material is reliable and the contributions claimed by the
author should be recognised.

3. Characteristics of scientific and scientific-applied contributions to the
dissertation. Authenticity of the material
The dissertation formulated scientific-applied and applied contributions, which |

accept for the personal work of the author. The authenticity of the results has been
confirmed by real field experiments

4. Evaluation of the scientific-applied and applied contributions of the dissertation
As a result of the examinations, the author has defined four scientific-applied

contributions related to the further developing theory of determining the ballistic
coefficient, of the acceleration of the bullet when entering the aquatic environment in
the presence of radial duct along the ogive of the bullet, development of a statistical
model for the research of the bullet acceleration change when entering an water
environment, taking into account the influence of the angle of encounter with the
water surface and of Methodic for polygon tests to examine of the bullet shape
impact on the grouping of the shooting, the bullet speed alteration and its ricochet
action in the water environment.

The author also has defined four applied contributions related to an
experimental ascertainment of the fact that presence of radial ducts on the ogive of
the bullet leads to a decrease in ricochet action in the water environment, next to the
development of a procedure for examination to ricochet action in the water
environment, the grouping of hits and a speed change in air environment of a bullet
of ammunition with a nomenclature index of 7.62x54 mm., until physical models of
the indicated bullet with an amended shape of the ogive are created in order to reduce
ricochet action in the water environment, as well as next to design and develop

technological equipment to ensure its experimental testing.



The results obtained have important methodological and applied importance for
development of military science and educational activity in the field of dynamics and
ballistics.

5. Evaluation of the publications of the dissertation and authorship
On the subject of the dissertation, the PhD student has presented a total of three

publications, two independent and one in co-authorship, which proves his authorship in
the same. The publication activity of the author responds to the requirements of the Law
on the development of the academic composition in the Republic of Bulgaria and its
Implementing Regulations.

6. Literary awareness and competence of the PhD student
The author has used creatively 132 pieces of literary sources, which proves a

good knowledge of the world achievements in the field research.

7. Evaluation of the abstract of the dissertation
The abstract has a volume of 51 pages and correctly reflects the main points and

scientific contributions of the dissertation and compliance with the requirements.

8. Critical remarks
Technical errors and complicated expressions have been made in individual

places. | recommend that the author increase his audience activity in purpose to
promote the results obtained in the dissertation work, and also to cite the more
commonly used literary sources.

9. Personal impressions and other issues on which the reviewer considers that he

should take a decision

I have no personal impressions of the scientific development of the PhD student.

10. Conclusion
The disertation presented to me is a thorough and completed work on an up-to-

date topic for the development of dynamics and ballistics, with interesting scientific-
applied and applied contributions achieved. He proves that the PhD student has the
knowledge, skills and opportunities to develop important questions from the theory
and practice of armaments. The same meets the requirements for obtaining an
educational and scientific degree "Doctor of Philosophy" by the author of the
dissertation work.

11. Evaluation of the dissertation work



| give a positive assessment of the dissertation and propose to the members of
the esteemed Scientific jury to vote with "YES" for the award of Rosen Nedkov
Lazarov the educational and scientific degree "Doctor" (PhD) under the Doctoral
Program "Dynamic, Ballistic and Air Systems Flight Control”, 5.13. General
Engineering, 5. Technical Sciences.
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