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npoyecce zawugposvieanus ungopmayuu, 3amo areopumm ElGamal noxazan ¢ 10 paz ayuwyio nponycxkuyio cnocobrnocms no
cpasnenuto ¢ aneopummom RSA 6 npoyecce pacuwupposvieanus ungopmayuu; OnuHa 3auUBPOBAHHBIX OAHHIX AN20OPUMMOM
ElGamal ¢ 2 pasa onunnee ucxoonvix dannvix, 6 mo épems Kak pasmep sawugposannvix arzopummom RSA oannvix bonviue
PasmMepa UCXOOHbIX OaHHbIX 6 cpeonem Ha Kos(pguyuenm 1,4; ons ecex onun xmouen arcopumm ElGamal cozdaem napy
OMKPLIMO20 U 3aKpblmo2o kuouell 8 cpednem 6 10 paz Gvicmpee, uwem aneopumm RSA, umo ocobenno zamemmno npu
HAYUMENLHOM YeenudeHuy pasmepog Kkmoyeil; ons arcopumma ElGamal epews cenepuposanus rmoueii pacmem auneino c¢
VeenuyeHuem pasmepos Kioyeil, 8 mo spems kak 0as aneopumma RSA ono pacmem 6 ceomempuieckoil npoepeccuu.

Knrouesvie cnosa: acummempuunvle aneopummol, wiu@posanue, oewugposanue, kpunmocmotikocmos, RSA, EIGamal.

RESEARCH AND COMPARATIVE ANALYSIS OF ALGORITHMS OF ASYMMETRIC ENCRYPTION
T. Matveichuk, V. Smychok

Using a developed software product, a comparative analysis of asymmetric text data encryption algorithms, their
advantages and disadvantages, cryptographic strength, experimental evaluation of their characteristics with respect to the
efficiency of their computer memory usage, the duration of key generation, data encryption and decryption ability of algorithms,
key dimensions, volumes of encrypted and decrypted files has been made. Based on the results obtained, recommendations were
given on the use of the encryption methods considered. The RSA and EIGamal algorithms are chosen as asymmetric encryption
algorithms.

From the point of view of practical implementation, both in software and hardware, there is no tangible difference between
these two methods. However, in their characteristics they are noticeably different. Briefly, the main estimated results obtained
are as follows: the cryptographic strength of the EIGamal algorithm is significantly higher than that of the RSA algorithm; the
RSA algorithm has a higher speed when encrypting information, and the EIGamal algorithm has the best during decryption; as
the key sizes increase, the decryption time by the RSA algorithm grows exponentially, while the duration of the decryption by the
ElGamal algorithm has a linear growth order; the RSA algorithm showed 2 times better bandwidth than the EIGamal algorithm
in the process of encoding information, but the EIGamal algorithm proved 10 times better throughput compared to the RSA
algorithm in the process of decrypting information; the length of the encrypted data by the EIGamal algorithm is 2 times longer
than the original data, while the size of the data encrypted by the RSA algorithm is larger than the size of the original data by an
average of 1.4; for all key lengths, the EIGamal algorithm creates a pair of public and private keys on average 10 times faster
than the RSA algorithm, which is especially noticeable with a significant increase in key sizes; for the EIGamal algorithm, the
key generation time increases linearly with increasing key sizes, while for the RSA algorithm it grows exponentially.

Keywords: asymmetric algorithms, encryption, decryption, cryptographic resistance, RSA, EIGamal.
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Hayxoeo-oocnionuti yenmp pakemmuux eiticox i apmunepii, m. Cymu

METOUYHMI MIAXII 10 BU3SHAUYEHHS 3AJIEXKHOCTI BIIXWJIEHHS
MMOYATKOBOI IIBUIKOCTI CHAPSIJIIB YEPE3 ITOIOBKEHHS 3APSITHOT
KAMOPH APTWIEPIICLKUX TAPMAT, BUMIPSIHE 3A JJOTIOMOT OIO 13K

Monimopune mexuiuno2o cmaHy apmunepiliicokoco 030pocHna 3opounux Cun Yxpainu ceiouums npo
00CMamuill CMyniHb 3HOCY KAHANI8 CMBOLI8 051 3HAUHOI KiIbKOCMI apmuaepiticoKux cucmem, ujo 6e3nocepedHso
BNIUBAE HA eeKMUBHICMb SUKOHAHHA B0CHESUX 3a80aHb apmunepicio. Y cmammi Hasedeno Nopadok ma
0cobUBOCMI BU3HAYEHHS BIOXUNEHHA NOYAMKOBUX WBUOKOCEl CHApsA0i8 uepe3 NO008HCeHHA 3apAO0HOI Kamopu
apMunepiicokux eapmam 3 GUKOPUCIAHHAM Mabauyb SHYMPIWHbOI OamricmuKku, HAOAHO IHGOpMAayilo npo
830EMO036 SI30K MidC OCHOBHUMU NAPAMEMpPamu 6HYMpiuHboi banicmuky ma ix eniueom HA 3HAYEHHs NOYAMKOB0I
WBUOKOCTI CHAPSOI8; BUSHAYEHO NEPeiK GXIOHUX OAHUX, HeOOXIOHUX 0N BUSHAUEHHS PIGHS NAOIHHSA NOYAMKOBO!
WBUOKOCMI CHAPAOLE OJ151 APMUAEPILICOKUX CUCTNEM 3 BIOOMUM PIBHEM 3HOCY KAHALY CMBOA.

Knrouosi cnosa: enympiwns b6anicmuxa, apmuiepilicbka cucmema, novamKosa wWeUuoKicmos CHApsioie, 3HOC
KaHaxy cmeond, NOO0BIUCEHHS 3apsiOHOI KaMopu apmuiepilicbkol 2apmamu.
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ITocTanoBka npodaemu

Bizomo, 110 BH3HAUYEHHS CTYIEHS 3HOCY KaHAy
CTBOJIIB apTUIIEPIACHKUX TapMaT Ta HOrO0 MOXIIHBOIO
BIUIMBY Ha €(DEKTHBHICTh BUKOHAHHSI BOTHEBUX 3aBJaHb
apTWIEPICEKUMU TiIPO3/iNaMu 3MIHCHIOETECS T Yac
BHUKOHAHHS 3axXO0XiB OaJiCTUYHOI IMATOTOBKH IUIAXOM
BU3HAYCHHS BIIXWJICHHS TOYATKOBHX LIBHIKOCTEH
CHapsmiB Bim iX TabaMYHMX 3Ha4YeHb. SIK TpaBHIIO,
3a3HayeHi 3aX0I1 0asicTUUHOI i ATOTOBKHU
3MIHCHIOIOTBCS. 32 JIOMIOMOIOK  apTHIIEPIHCHKOT
Gamicruunoi cranmii (ABC) a6o mpwiamy 3amipy
kamopu ([I3K) 3 momampmiM — BUKOPHUCTAHHIM
crieliayIbHUX TaONMIL 3anexHocreil. Ha nanmii yac y
36poiinnx Cunax (3C) Vkpainu 4epe3 HEIOCTaTHICTh
3a0e3MeueHHs  apTHiepidchkux — miaposaimie  ABC
BU3HAYCHHS 3MIiHM [MOYAaTKOBOI INBHIKOCTI CHApsIiB
npoBoauThes 3a gonomororo I13K. V Toit sxe yac He 11
BCIX apTWJIEPIHCBKUX CHUCTEM, SKi 3HAXOJiThCA Ha
030poerni 3C  VYkpaiHd, CKJIAQJICHO MpPaKTUYHI
pekoMmeHaaIii (Tabnuil 3aJeXKHOCTI) 3 BU3HAYCHHS
BIIXWJICHHS TIOYAaTKOBOi IIBHIKOCTI CHApsIiB Uepes
MOIOBXKEHHST 3apsiHOoi Kamopu. J[o Takux cucrem
Hanexatb 152-mm rayoumi 2C19 ta 2A65, rapmat 2C5
ta 2A36, a Takox 203-mm camoximni rapmatu 2C7.

BpaxoBylour  3a3HaueHe, [UTAHHA  BH3HAYCHHS
3aJIEKHOCT]  BIOXWIEHHS  I[IOYaTKOBOI  IIBHUIKOCTI
CHapsIIB 4epe3 TOMOBKEHHS 3apsiiHOl KaMOpH €

AKTYyallbHUM 1 B&XIJIUBUM 3aBJIaHHSM. B OCHOBI pillleHHs
MOAIOHMX 3aBJaHb MOKIAJCHO PO3B’S3aHHS CHUCTEMH
mudepeHiiHUX PiBHAHb BHYTPIIIHBOI Oamictuku. Ha
IaHui 4yac HaWOLIbLI TOYHHUM CIIOCOOOM BU3HAYEHHS
BIIXWJICHHS MOYaTKOBUX HIBHUAKOCTEH CHApsIiB depes
3MiHy TOr0 YM IHIIOTO MapamMerpa BHYTPIIIHBOI
0aiCTHUKX  BBAXKAETHCA  MPOrPaMHO-MATEMaTHYHHUN
Croci0, Mpu SKOMY yci PO3paxyHKH 3IIHCHIOIOTHCS 13
3aCTOCYBaHHSM €JICKTPOHHO-O0UUCITIOBAIFHUX MAIUH
[1]. Pa3som 3 TuM, 3a3HayeHHi CrOCIO Mae CyTTEBHiA
HENONIIK — HEOOXIMHICTh CTBOPEHHS CIICI[iaIbHOTO
MPOTrpaMHOTO 3a0e3neucHHs. Sk albTepHATHBHHUN Ta
OUTBII TOCTYIHWH CIOCI0O BW3HAUYCHHS BiIXHMJICHHS
MOYaTKOBUX IIBUAKOCTEH CHApSAIIB depe3 MOJOBKCHHS
3apsiHOl  KaMOpW  apTHICPIMCBKUX — rapMar — mpo-
MOHYETHCS METOMUYHUN MIXil 13 3aCTOCYBaHHSAM
TaOIUIb BHYTPIITHBOI OaJiCTUKH.

AHaJIi3 0CTAHHIX JOCTiIXKeHb i myOaikamii

PesynabraT aHanmizy 0OO#OBOro  3acTOCyBaHHS
apruiepii B AHTUTEpOPUCTUYHIM omepaliii Ha TepuTopii
JHonenpkoi 1 Jlyrancekoi obnacreii mpotsrom 2014-
2015 pokiB cBim4aTh, IO YacTKa y4yacTi apTuiepii y
BOTHEBOMY YpaKeHHI NMPOTHBHUKA csirana maibke 90%,
a IHTCHCHBHICTb BUKOHAHHS BOTHEBHX 3aBJaHb
cranoBwia iHKomM 10 15% Ha apTuiepiiicbky OaTapero
(unenb-Bepecenb 2014  poky Ta  CIUEHB-JIIOTHH
2015 poky) [2]. 3a3HaueHe HeMHHydYe BIUIMHYJIO Ha
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TEXHIYHWH CTaH apTHIEpiHCHKUX cucTeM. MOHITOpHHT
TEXHIYHOIO CTaHy apTIUiepiichkoro 030poerus 3C Ykpaiau
CBIYUTH NPO JIOCTATHIM CTYIiHb 3HOCY KaHaJiB CTBONIB
JUISL 3Ha4YHOI KUIBKOCTI apTuiepiiicbknx cucreM. J[lani
00cTaBMHU MalOTh Oe3mocepeIHil BIDIUB Ha ¢(PeKTUBHICTh
BHKOHAHHS BOTHEBHX 3aB/IaHb apTuiepieto [3].

®opMy.TI0OBAHHSA METH CTATTI

Mertoro cTarTi € Omuc MOPSIAKY Ta OCOOMHMBOCTEN
BU3HAYCHHSI BiJIXMJICHHSI IOYATKOBOI LIBUKOCTI CHAPS/IIB
4yepe3 MOAOBKEHHs 3apsAHOI KamoOpH, BUMIpsHE 3a
nonoMororo II3K TaGmuyHuM criocoOoMm, SIKMH MOXKE
OyTH 3aCTOCOBaHMH ITiJi 4ac MPOBEACHHS MONEPEIHIX
OaJiCTUYHMX PpO3pPaxyHKIB y XOAi pO3poONeHHS Ta
CKIaZaHH] BIAMOBIAHUX TaOJMIb 3aJEKHOCTEH IS
152-mm rayowuins 2C19 Ta 2A65, rapmat 2C5 Ta 2A36, a
takox 203-mm camoxinHoi rapmaru 2C7.

BuxJjaa ocHOBHOro MmarepiaJy

3HOC KaHaJIy CTBOJA apTHIEPIHChKOI rapMaTy mif
yac CTPUIBOU € pe3yIbTaTOM KOMIUIEKCHOTO MEXaHid-
HOT'0, TEIUIOBOTO, Ta30AWHAMIYHOIO Ta XIMIYHOTO
BIUIUBY CHApsi/ia i MOPOXOBHMX Ta3iB Ha MOBEPXHEBUI
ap MeTalxy, B pPe3ylbTaTi SKOTO JiaMeTp KaHaly
crBoia (0COONMBO TIOYATKOBA MiJISIHKA HOTO HApi3HOI
YacTHHH) 30UIBIIVETHCS, a 3HAYCHHS II0YaTKOBOI
MIBUIKOCTI CHapsiia 3MEHIIyeThcs. Po3paxyHOK 3MiHH
MOYATKOBOI IHIBHIKOCTI CHApPSAiB y HACHIOK 3HOCY
KaHally CTBOJNIa apTHJICPIHCHKOI TapMaTH BBAXKAETHCS
OJIHIEI0 3 OCHOBHHMX 3a/1a4 BHYTPIIIHbOI 0aiiCTHKH.
[Jana 3aiaua nepenbayae, 1m0 B yMOBax BiZJOMOro piBHs
3HOCY KaHajly CTBOJA NOTPIOHO 3HAWTH 3HAYCHHS
MajJiHHA MaKCHMMAaJbHOTO THUCKY TMOPOXOBHMX Ta3iB Ta,
BIJIMOBIIHO, MaAiHHS TyIbHOI (ITOYATKOBOI) INBHIKOCTI
cHapsza [1, 4, 5, 6]. Ilig aynpHOMO MIBHIKICTIO CHapsiaa

(V,) po3yMitoTh WBHAKICT CHApsiJa BiTHOCHO CTBOJIA B

MOMCHT TMPOXOIKCHHA Horo JAHOM OYJBHOI'O 3pi3y
rapmMartu. I[aHa HIBI/I,HKiCTI) € BiHHOCHO}O Ta, SK IpaBUJIO,

Ha 1...2 % MeHIa 3a noyatkoBy wBKAKicTs cHapsia (V) ),

are mij gyac po3B’si3aHHS 33724 BHYTPIIIHBOI 0alliCTHKH
JlaHi MBHAKOCTI 3a3BHYaif OTOTOKHIOWOTH [1, 4, 5, 6].

AmHamni3 cucTeMH piBHSHb BHYTPIIIHBOI 0OaiCTHKA
BKazye Ha Te, IO HA 3HAYEHHS JYJBbHOI IIBHUIKOCTI
CHapsiia BIDIMBA€ CYKYIHICTH MapaMeTpiB BHYTPIIIHBOT
Oamicruk, skumiu € [1, 4, 5, 6]:

KOHCTPYKTHBHI ITapaMeTpH KaHaly CTBOJIA,

rapaMeTpy YMOB 3apsiKaHH;

€HePreTUYHI XapaKTepPUCTUKH MOCTPLITY.

BpaxoBytoun 3a3HaueHe, OyIbHY IIBHAKICTH
CHapsiJja MOXKHa TIPEJICTABUTH HACTYITHOIO 3aJIEXKHICTIO!

V, =f(d,s,q,f,8,0,8, 3.k 4 1 p, 2,0W5,0,1,), (D)
e d — Kamxiop rapMmary;
S — IUIONIA MONEPEYHOrO MEPETUHY KAHATY CTBOJA;
g - Maca (Bara) cHapsna;
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f - “cuma” mopoxy (poGora, sKy Mir Ou
3MIACHATH 1 KT TOpPOXOBHX Ta3iB MiJl dYac CBOTO
PO3IIMPEHHS B MEXaX TEMIIEPATypH Bin 1. 1 10 0°C npu

HOCTIHHOMY 3HAYCHHI THCKY);

a — KOBOJIIOM MTOPOXOBHX Ta3iB (06’eM MOIeKy: i
TBEPIUX 3AIHIIKIB TOPOXY, AKi YTBOPIOIOTHCS IIiCIIA
3rOpaHHsI IOPOXOBOTO 3aPsIy);

6 — TIOKa3HUK a/1iabaTHIHOTO MPOLIECY;

J . — IMIyJIbC THCKY TOPOXOBHUX Ia3iB;
K
(k,A, 1) - xoediuientn reomerprunoi (opmu
3epHa MOPOXOBOr0 3apsy;
P, — THCK MOpPOXOBUX Ta3iB (THCK (opcyBaHHs);

) — Koe]ilLlieHT MOOBKEHH: 3apAaHOI KaMOpH,
@ — maca (Bara) OpOXOBOI'O 3apsy;

W, — nouarkoBuii 06’em 3apsiaHOi KaMOpH;

@ _

BpaxyBaHHS OMOPY PyXy CHapsiia KaHAJIOM CTBOJIA);

koedimieHT  GikTUBHOCTI  (KoedirieHT

I{) — HOBHUH IIIAX CHaps/la KaHaJIOM CTBOJIA.

3a3HayeHNH TEpeNiK IapaMeTpiB BHYTPILOIHBOL
0amicTUKM BIUTMBAE TAaKOX 1 HAa 3HAYCHHS MAaKCH-
MAaJIBHOTO THCKY TOPOXOBHUX Ta3iB (THCK rasiB Harpu-
KiHIII 3TOPaHHS TIOPOXOBOTO 3aPSy).

Jis rapMaT 3 BIIOMUMH XapaKTepUCTHKAMHU
MOPOXOBOTO  3apAqy CYKYIHICTh TapaMmerpiB, IO
BIUIMBAIOTh, JEIIO 3MEHIIYEThCS Ta MA€ HACTYITHHN
Burisz [1, 4, 5, 6]

V, = 1(s,q, py, 0,W5,0,1,). (2)

3ajarounch MEBHUMH 3HAYEHHSM 3HOCY KaHaly

CTBOJIa MOYKHA 3HAWTH PiBEHb MaIiHHSI MaKCHMAaJbHOTO

THCKY Ta BIAMOBIAHO TMAiHHA IyJbHOI IIBHUAKOCTI
CHapsijia apTUIEePificCbKOT rapMaTH.

JIys1 BU3HAYEHHS BiIXIJICHHS TIOYATKOBOT IIIBUIKOCTI
cHapaziB ( AV, ) uepe3 NOJOBKEHHs 3apsIHOI KaMOpH i3

3aCTOCYBaHHAM  3alPOIIOHOBAHOTO  METOJUYHOIO
MiIX0My B SIKOCTI BXIJHHMX J@HHX BHUKOPHUCTOBYIOTHCS
HACTYITHI TapaMeTpH BHYTPILIHBOI 0aJTiCTHKH:

1. Kani6p rapmaru (d ).

2. Koedinient BpaxyBanHs ri1uOMHM HapiziB (N, ).

3. HominanpHa ((popmyisipHa) DOBKHHA 3apsIHOL
xamopH (1, )-

, .
4. O6’em 3apsHoi kamopu (W, ).

5. IToBHuMiA IUISIX cHapsia KananoM creona (| o)

6. Bara cuapszga (Q).

7. MakcumanbHuit THCK MopoxoBuX rasis (0, ).

8. Bara niopoxosoro 3apsiay (@ ).

3a3HavyeHl BUXIiJHI JlaHi 3a3BUYail BKa3yOThCS B
TEXHIYHIH, eKCIUTyaTaliiHiii Ta KOHCTPYKTOPCHKIi
JOKYMEHTAIIii Ha apTUIEPIHChKY cucTemMy (acmopTu Ta
dopMyasipy, TEXHIYHI ONUCH Ta IHCTPYKIil 3
eKCIUTyaTallii, TabjaMili CTpiBOM TOIINO), a TAKOXK Y
BIJIMIOBITHIH JTOBIIKOBIi JTiTEpaTypi.
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V winoMy 3anporOHOBaHWNA METONWYHHMHA ITiAX1H
JI0 BU3HAYEHHS 3MiHM MOYATKOBOI IIBUIKOCTI CHApS/IiB
4yepe3 MOJOBKEHHS 3apsiIHOI KaMOpU apTHIIEPiHChKUX
rapmatr, BuMipsHe 3a gomomoror II3K, wmarume
HacTymHuH Bursn (puc. 1):

_@

BusHaueHHs NOA0OBXEHHS 3apsIHOI KaMopu
rapmatu A/l 3a gomomororo [13K

_@ I

[poBeneHHs monepeHiX Po3paxyHKiB
napaMeTpiB BHYTPILlIHBOI OaTiCTUKH
4 1 41 1
(BU3HAUCHHSA MApaMeTpiB s, A , Ry ,Ao)

®

BusHaueHns 0anicTUYHOI BEJIMUUHA B |
sIKa XapaKTepH3ye YMOBH 3apsKaHHs
(mapamerp Jpo3nosa)

®

Busnauenns Ta0IMYHOr0 3HaYEHHS
JyAbHOI WBUIKOCTI CHApsaa j
o
T

®

BusnaueHHs qiiiCHOr0 3HAYEHHS
JTyIBHOI MIBUAKOCTI CHapsiaa v,

®

BuzHaveHHs MOYaTKOBOI IBUAKOCTI CHapsaa &
Ta 11 BiIXWICHHS BiJ TAOJWYHOTO 3HAYECHHS AV,

Puc. 1. CTpykTypHa cxemMa MeTOAMYHOI0 MiAX01y 10
BHU3HAYEHHS 3MiHM MI0YATKOBOI INBUIKOCTi CHAPSIAiB
Yyepe3 MOAOBKEHHS 3apsiIHOl KaMOpH apTHIIepiiicbKuX
rapmar, BuMmipsite 3a gonomoror 3K

BusHayeHHs BigXwieHHsS NOYaTKOBOI IIBUAKOCTI
CHapsIIiB Yepe3 MOM0BKEHHS 3apsAHOI KAMOPH 13 3aCTO-
CYBaHHSAM 3alpPONOHOBAHOTO METOIMYHOrO IMAXOIY
3IIHCHIOETHCS HACTYITHUM YHHOM:

1-it kpok. BusHayaeThCs TMOMOBXKEHHS 3apsaHOI
KaMOpH TapMaTH.

[MonoBsKeHHs 3apsHOL KaMopu (AR)
BuMiproeThest [13K Ta BU3HAUa€eThCs K

AL = — A, @)

ne A — JoBkuHA 3apsaHOi KamMopu (yMOBHA),

BuMipsiHa 3a noromororo I13K.
VYMoBHa [OBKHMHA 3apsiiHOl Kamopu  (pwc. 2)

Oinpmma 3a miicHY (| Ha JOBXWHY BiJ IEepeIHBOI

Kam )

*
KPOMKH BEIy4Oro Macka 0 JHa CHapsia (') ta
BHU3HAYAETHCS K

A=l

Kam

+17 (4

Ha puc. 2 takox 1no3HaueHo:
|, — npusenena noskuna sapsaHoi kamopn —

JIOBXKMHA MPSIMOTO HWIIHAPA, O00’€M SKOrO TOPiBHIOE

06’emy (W, ), a mioma OCHOBU — IUIONIi TONEPEYHOro

nepeTuHy Kanany crBoina (S );
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I{) — IOBHHH IUIAX CHapdgaa KaHaJlOM CTBOJIA —

JIOBXKHMHA BiJl THA CHapsiia O IyITBHOrO 3pi3y CTBOJIA
(6e3 BpaxyBaHHS IyJBHOTO TaibMa). SIK mpaBMIIO,

BiZloMa JTOBKHMHA HAPi3HOI YaCTHHH KaHasia cTBoja ( |H )

TOMY 3HAY€HHS IIOBHOTO WUISXy CHapsga KaHAJIOM
CTBOJIa MOXKHA PO3PaxyBaTH SIK

=1, +1". ®)

e ]

e

=

lia

lo ly
Puc. 2. Cxema kanasry cTBOJIa apTHJIepilicbKol
rapMaTi 3 3apsiTHOI0 KaMOpPOIo

2-ii kpok. [IpoBOnATECSI momepenHi po3paxyHKH
rapaMeTpiB BHYTPIIIHBOI 0aJIiCTHKH.

Jlani po3paxyHKH 3BOJSTBCS 1O BHU3HAYCHHS
OKpeMHUX KOHCTPYKTHBHHX IapaMeTpiB apTHIIEPIHChKOI
CHCTEMH Ta IapaMeTpiB yMOB ii 3apsypKaHHs, a came:.

1. BusHawyaeThcsl IUIONIA TTOTIEPEYHOTO MEPETHHY
KaHaja CTBOJNA, 5K

s=ngxd 2, (6)

KoedimienT BpaxyBaHHS TTHOMHH Hapi3iB CTBOJIA

rapMati  (n,) 3BuYaiiHo TpmiimMaetbes [1, 51 mna

CTBOIIB 3 TNIMOMHOKO HapiziB y 1% kani6py n = 0,8; ms

CTBOIIB 3 IMOMHOI0 Hapisis y 2% kaniGpy n = 0,82;
TS HEHapi3HUX CTBOJIIB n,= 0,785.

2. BusHavaeThCs MIUTBHICTD 3apSHKAHHS K

A= )

3. Busnauaerbcst koedilieHT QiKTUBHOCTI SIK

(0:K+3£, @)
q

ne K — koedimienT CiryXxoupKoro.
4. Bu3HavyaeThCsl BIOXUICHHS TPUBEACHOI TOBXKH-
HU 3apAIHOI KaMOPH BHACIIJIOK i TIOJOBXKEHHS K

Ié=I0+Al=%+Al. ©)
s

5. Bu3HauyaeThCs MOBHUH NUIAX CHapsa KaHAJIOM
CTBOJIA 3 BpaxyBaHHIM HOT0 3HOCY SIK
1 _ *
L=, -Al=(,+1")-AL (10)
6. BusHauyaeTbCsl BIAXWIGHHS BIJHOCHOTO HUIAXY
CHapsA/a KaHaJIOM CTBOJIA BHACIIJIOK HOTo 3HOCY K

1
v
AL =

0 __1
lo

(11)

© O.A. HoBak, I.JI. Bonkos

3-if kpok. BusHauaerhcs OanicTUYHA BEITMYWHA,

sKa XapakTepU3yE YMOBH 3apsyDKaHHS TapMaTh
(mapametp po3moBa)

B="f(A, p,) (12)

[Mapamerp [posmoBa (B) 3Haxomurhes HUIIXOM

iHTEepIONALi 32 JOMOMOTOI TaONMWIb BHYTPIOTHBOL

Gamictuku [7] 3a BiIOMHM 3HAYEHHSIM MaKCHMaJIbHOTO

THCKY NOpOXOBMX Ta3iB (p, ) Ta po3paxoBaHUM

3HAYCHHAM IIUILHOCTI 3apsmkanms (A ).
4-ii kpok. BusHawaerscs BimHocHe (TabmuuHe)
3HAYEHHs AYJILHOT IIBUAKOCTI CHApAA.

Tabnuune 3Hauenns ayspHoi mBuakocti (V, )
TAF

3HAXOIUTHCA IUIAXOM IHTEPHONALMII 3a JIOMOMOIOI0
TabMuIe BHYTPIIHBOI Oamictuku [8] 3a BU3HAUECHHM
3HauYeHHsM napametpa Jposmosa (B ) Ta po3paxoBaHuM
3HAQYEHHSM BIJXWJICHHS BIJIHOCHOTO WLUISXY CHapsja
KaHaJIOM CTBOJIA BHACII/IOK Foro 3Hocy (AL ).

5-if kpok. BusHauaerbcs milicHe
JTyABHOT IIBAAKOCTI CHApSIA.

3HAa4YCHHA

Jlilicue 3HaueHHs AyibHOL wBmakocti cuapsyia (V)

BHU3HAYAECTHCA K.

o (13)
TAF q)q

6-ii kpok. Bu3HauyaeTbcs MOYATKOBA IIBHJKICTH
cHapsAa Ta ii BIIXWICHHS BiA TaOIMYHOTO 3HAYCHHS
BHACIII/IOK 3HOCY KaHaJy CTBOJIA.

Sk 3a3Havajocs BHINE, MAyJIbHA IIBUIKICT €
BiJJHOCHOIO XapaKTePUCTHUKOIO, a ii 3HaUCeHHs] MEHILE 3a
3HAYEHHS I0YaTKOBOI IIBUIKOCTI cHapsaa [1, 6], To6To

VO1 =(101...1,02)v, . (14)

OTpuMaHe 3HAYCHHS MOYATKOBOI IIBHIKOCTI BiJ-
MOBIJIA€ CTYIEHIO 3HOCY KaHajlla CTBOJIA BHACIIJIOK
TIOJTOBYKCHHS 3aPSTHOT KAaMOPH apPTHJICPIFCHKOl rapMaTH.

PiBenr mamiHHS IMOYATKOBOI MIBHAKOCTI MOXKHA
3HAKWTH SIK

V, =V,

(15)

3HAa4YCHHA

AV, =V, -V,.
ne 'V, - HomiHaibHe (TabimuHe)
MOYaTKOBOI MBHUAKOCTI CHapsa (IT0YaTKoBa MIBHUIKICT
CHaps/ia HOBOI TapMaTH).

OtpumaHe 3HA4YCHHS y BiJICOTKaX BiAITOBiIATHME
PiBHIO BiIXWJICHHS TIOYAaTKOBOI IIBHIKOCTI CHapsaa
BHACIIIIOK TIO/IOBKCHHS 3aps/IHOI KAMOPHU rapMaTH.
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BU3HAUYCHHS 3MiHH IOYATKOBUX LIBUIKOCTEH CHAPAIIB 32
noriomoroto [I3K  nnst  aprunepificbkux —cucreM, Yy
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Penen3enT: kaHTUIAT BIiMCHKOBHX HayK, Mpodecop
I1.€. Tpopumenko, CyMcbKUil AepKaBHUH YHIBEPCHTET,

MeTtoauyecKHii MOIX0/ K ONpeaesIeHHI0 3aBUCUMOCTH OTKJIOHEHUSI HAYAJIBbHON CKOPOCTH CHAPSA/I0B H3-32 y/VIMHEHUs]
3apsi/IHON KaMOPbI APTHILIEPUICKHX OPYAHii, HU3MEPEHHOr0 C IOMOIIbIO PUGOPA U3MEPEHHUSI KAMOPbI

JI.A. HoBak, W1./1. Bonkos

Monumopune mexnuyeckoeo cocmosHus apmuaLepuiicko2o 8oopyaicerus Boopyocennvix Cun Ykpaunwvt ceudemenscmeyem
0 00CMAMOYHOU CMeNneHu U3HOCA KAHAL08 CMEON08 ONsl 3HAYUMEIbHO20 KOMUYECMEAd apMUINEPUNICKUX CUCHEM, YMOo
HeNocpedCmeeHHO GIUsiem HA IPPHeKmUsHOCMb GLINOIHEHUSI 02HESbIX 3a0ay apmuiiepueli. B cmamve npugeden nopsaoox u
0COBEHHOCIU ONnpedeleHsi OMKIOHEHUS! HAYAILHBIX CKOPOCHEN CHAPSO006 U3-3 YOIUHEHUs. 3aPAOHOU KAMOPbI APMULIEPUICKUX
OpYOuUil ¢ UCNONL306AHUEM MAOTUY GHYMPEHHEl 6ANTUCIUKY; NPEOOCMAGLEHA UHPOPMAYUs O 83AUMOCEA3U MENCOY OCHOBHBLMU
napamempamu Hympentei OWIIUCMUKY U UX GIUAHUEM HA 3HAYeHUe HAYAILHOU CKOPOCMU CHAPSO08; ONpeoeneH nepedets
UCXOOHBIX OAHHLIX HEOOX0OUMbIX O/l OnpedeieHuUst YPOGHs NAOeHUsl HAYAIbHOU CKOPOCMU CHAPSO08 O/ apMUIEPULICKUX
cucmem ¢ U36eCHMHbIM YPOGHEM UBHOCA KAHALA CIMEONd.

Kniouesvie cnosa: snympennsn 6aniucmuka, apmuiieputickas CUCmemd, Ha4aibHas CKOPOCMb CHAPAO08, USHOC KAHANA
cmeona, yoruHerue 3apsiOHoU KaMOopbl apmuiiepuiicko2o opyous.

Methodical approach to determine the dependence of the deviation of the initial speed of the shells through the extension
of the charging chamber artillery guns, measured with the help of the instrument for measuring the chambers

D. Novak, I. Volkov

The analysis results of the military use of artillery in the anti-terrorist operation in the east of the country indicate a
significant amount of fire tasks, which relied on artillery and the high intensity of their implementation by artillery units, which
negatively affected the technical condition of artillery systems. The monitoring of the technical state of the artillery armament of
the Armed Forces of Ukraine indicates a sufficient degree of the trunk channels wearing out for a significant number of artillery
systems, which directly affects the effectiveness of the fire tasks execution by artillery units.

Due to the lack of artillery units provided by artillery ballistic stations, the determination of the change in the initial speed
of the shells is usually carried out with the help of gunmeters, and not all artillery systems have tables of dependence on
deflection of the initial speed of the projectiles due to the extension of the charging chamber. Taking into account the above, the
question of determining the dependence of the deviation of the initial speed of the projectiles due to the extension of the charging
chamber is a vital and important task. As an accessible method of determining deflection parameters of initial velocities of shells
through the extension of the artillery gun charging chamber, a methodological approach with the use of internal ballistics tables
is proposed.

The basis of this approach is to take into account the effect of mechanical wearing out on the gun barrel channel to change
the initial velocity of the projectile using known tabular dependencies. Input parameters of the methodical approach are: gauge
caliber; coefficient of taking into account the depth of cuts; formular length of the charging chamber; volume of charging
chamber; full path of the projectile by the trunk channel; the weight of the projectile; maximum pressure of powder gases; weight
of powder charge.

The proposed methodological approach is designed to improve the ballistic training activities carried out in artillery units
and to develop dependency tables to determine the change in the initial velocity of the shells with the help of a gun measuring
instrument for artillery systems.

Keywords: internal ballistics, artillery system, initial velocity of projectiles, barrel bore wear, lengthening of the artillery
gun charging chamber.
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