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BPOHEBINHI CHAPA U 3 TPSIMOTOYHUM
HHOBITPAHO-PEAKTUBHUM JIBUT'YHOM

Y emammi npoananizoeano npobremu niokanibepHo2o onepeHozo cHApsady, 3anponOHO8AHUL 8apIaHm 0ONIAOHAHHS
Maxo2o CHAPAOY NOGIMPAHO-PEAKMUSHUM OBUSYHOM, HaeedeHi 2paiku cuni Onopy noeimps, NpoeeoeHi po3paxyHKu
HeobXiOHOI cunu mseu NOSIMPAHO-PeaKmMUueHo20 0suzyHa. Poszianymo ocobnugocmi Oponeditinux cHApAOie 3 NPAMOMOYHUM
NOGIMPAHO-PEAKMUBHUM OBUSYHOM, OCHOBHI PO3PAXYHKU GUKOHAHI 13 3ACMOCY8AHHAM 3ac0Di8 BUCOKOPIGHE8oi MO8
npoepamyeanns Python.

Kiouosi cnosa: oponebitinuil niokanibepruil oneperuti CHapsi0, NOSIMPIHO-PeAKMUGHUI O8USYH, 306HIWUHSA baicmuKa

INocTanoBKa npodaemMu

B manmit wac B skocTi OpoHEOIMHMX OO€mpUIAciB IMUPOKE 3aCTOCYBaHHSI OTpUMAIA OpOHEOiiHI
migkanioepri onepeni cHapsay (BI1IOC), 1110 BONOiF0TH BUCOKOKO TIPOHUKAFOYOIO 3IATHICTIO.

Ile mocsraeThcsl 3a paxXyHOK BHCOKOI TOYATKOBOI MIBHAKOCTI Ooempumacy (1650—1840 m/c) i manoro
nonepeuHoro mepepizy (d = 20-30 mm). g kommeHcamii cuiii OMoOpy MOBITPS 3aCTOCOBYIOTH HAJAHHS
Ooenpuracy peakTUBHOI TATH.

AJIe TOJIOBHUM HENIOJIIKOM TaKUX CHAPSIIB € 3aJISKHICTh CIIPOMOKHOCTI IPOOMBAHHS OpOHI BiJl BiICTaHI 110
. To 6 To, y 3B’53Ky 13 OIIOPOM ITOBITPST BTPAYAETHCS MIBUAKICTH TIOJIBOTY CHapsIIa, a caMme foro enepris. Ynm
BOHHU 1 YCTYMarOTh KYMYJSITHBHAM CHapsijiaM, JJisl SIKUX CIIPOMOXKHICTh TPOOWBaHHS OpOHI HE 3aJIeKUTh Bil
Bifcradi 1o 1. Cy4acHa OpOHROBaHa TEXHiKa Ma€ 3HAa4HI MOKa3HUKU OpoHtoBaHH: i BIIOC BTpayaroTh CBOIO
BOKJIMBICTh Ha BIICTAHSAX BEACHHS BOTHIO KyMyJsSTUBHMX cHapsiaiB Ta [ITKP. BumpaButi Take mojoxeHHs
MOXJHBO, K110 BITIOC obnagHaTH NPsIMOTOYHIME NOBITpsSIHO-peakTuBHUMY aBurynamu (ITTTPJT).

Mera crarTi — 00rpyHTYyBaHHs AoninbHOcTi 06nagaanHs BITOC noBiTpsHO-peaKTHBHUMU JIBUT'YHAMH.

BukiiasieHHs1 0OCHOBHOTO MaTepiajty A0C/IiIKeHHs

[Mpsimotounmii oBiTpsiHO-peakTiBHUiA 1BUryH (TTI1P/I), mpocTuii mo KOHCTPYKIii, Mae BUCOKHH KOeDillieHT
KOPHUCHOT Mii MPH BEJIMKUX Yuciaax Maxa, KOMIAKTHHH, OCKUIbKM HE BUMAara€e HasBHICTh OKHCITIOBaYa B CKJIAJi
IaJIMBa, TaK K BUKOPUCTOBYE KUCEHb HABKOJIMIIIHBOIO cepenoBuiia [1].

[puaITMT po6oTH [P /1.

[oBiTpst 31 MBHAKICTIO TONBOTY HAIXOIWThH Y BXIMHUA NPUCTpIH MBUTYHa 3araibMoByeThes a0 0,1-0,2
Maxa, mpu IpOMY KiHETUYHA SHEPTis MOBITPsI IEPETBOPIOETHCS Y BHYTPIIIHIO €HEPTil0 MiJBUIILYETHCS HOTO THCK
i temmeparypa. IloBiTps MOKHa BBaKaTW idealbHUM Ia30M, TOMY CTaBJIEHHS HOIO CTaTHYHOTO THCKY MO
aTMOC(EPHOTO THCKY BU3HAYAETHCS CITIBBIIHOIICHHSM:

=1 4 2 e )

JIe p — THCK B ITOBHICTIO 3araJIbMOBaHOMY ITOTOLIi; PO - aTMoc(epHuii THCK; Mn - uncio Maxa; k- mokaszHuk
aniabatu piBHHH 1,4.
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CTucHEHE MOBITPsS MOTPAINJISIFOUN 3 BXIJHOTO MPUCTPOIO B KaMEpy 3TOPSIHHS HArPIBAETHCS 32 PaXyHOK
OKHCJICHHS TIOCTaBJICHOro B Hel nanuBa. CTBOpEeHa 3 CyMillll MOBITPS 3 TPOAYKTAMH TOPIHHS ra30Ba CyMilll —
pobode TiJIo B COTUTI AOCSTAE 3BYKOBOI IIBUIKOCTI, @ HA HOTO BUXO/1 PO3IIMPIOIOYUCH /IO Ha[3BYKOBOT.

PoGoue TiNo BUTIIMBAE 31 MIBHUAKICTIO OLIBIIOI0 3a MIBHIKICTH 3yCTPIYHOTO TOTOKY TIOBITPS IO 1
CTBOPIOE PEAKTHBHY TATY.

Komu mBHAKICTE MOABOTY 3HAYHO MEHIIE MIBHJIKOCTI PEaKTUBHOTO CTPYMEHS, TAra 3pocrae. 3
HAOJMKEHHSIM HIBUIKOCTI TOJILOTY IO IIBHJIKOCTI PEaKTUBHOTO CTPYMEHsI TATa IMaJa€, MPOXOATIH SKUHCH
MaKCHUMYM, BIIMOBITHUH ONTHMAIBEHOT MIBUAKOCTI MOTBOTY. CXeMH pOOOTH MPSIMOTOYHOTO PEAKTHBHOTO

IBUTYHA Ha PIAKOMY i TBepAOMY TaJIMBI HABEACHI BIATOBIIHO Ha puc. 1, 2:

L

6 .

jun

1 — 3ycmpiunuii nomix nosimps, 2 — yenmpansvHe mino, 3 — 6xionutl npucmpiil,; 4 — nanuena opcyuka,
5 — kamepa 320panns; 6 — conno; 7 — peakmugHull Cmpymins

Puc. 1. Cxema npucrtpoto IIITP/] na pinunnomy nanusi
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Puc. 2. Cxema npuctpoio TBepaonaausnoro ITIP/]

Cuna tsaru [1I1P/] Bu3HavaeThCs 31 CIiBBIAHOIICHHS:
— omg
e —-— l{ﬁr—v:lrl- %E ", 2)

ne: P — cuna Tarm; v — MBHIKICTH MONBOTY; Ve — MBUAKICTh PEAKTHBHOTO CTPYMEHS OO0 IBHUTYHA;
dmf/ dt — cexynnna BuTpaTa nanuea. CekyHJIHa BUTpaTa MOBITPsI BU3HAYAETHCS 32 (DOPMYJIIOHO:

dmg _ &Y dr
& P TR TS, (3)
ne P— mrineHicTh IOBITPs (3a7ekuTh Bin BucOoTH); dV / dt — 00’ €M MOBITpS, KUl HATXOAUTH B TOBITPS
3a6ipuuk [1T1P/] B onuHMIIIO Yacy; S — miioma nepeTuHy BXOAY MOBITPs 3a0ipHUKA; V — MIBUAKICTH MONBOTY.
1100 BM3HAYUTH CEKYHHY BUTpaTy poOOUYOro Tijia JJIsl i1€abHOr0 BUIAAKY, KOJIH MaJbHE MOBHICTIO
3ropae i MOBHICTIO BUKOPHUCTOBYETHCS KHUCEHB TIOBITPS B TIPOIIECi TOPIHHS, CKOPUCTAEMOCS (HOPMYJIOFO:
gm | gmg o IO Smg, 3 dmg dmg fy 2 4
. . “4)
it gt ok @t | & db ot

ne: L — crexiomerpuynnii KoeillieHT MagbHOTO 1 IOBITPSI.
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3 PpO3BUTKOM TEXHOJIOTii CyMIIIEeBOTO TBEpIOro MaiWBa BOHO cTano 3actocoByBatucs B [IIIP/I.
[NanuBHa mamka 3 MO3AOBXKHIM IEHTPaIbHUM KaHAJIOM PO3MILIYEThCS B Kamepi 3ropsiHHs. PoOode Tino
MIPOXOJISTYH TI0 KaMepi 3rOpsSHHSI OKHCIISIE TATMBO 3 HOT0 MOBEPXHI 1 HATPIBAETHCS came.

BuxopucranHs TBepmoro naimBa Ie Ourbime crpornye KoHCcTpykmiro I[ITIPJI ockimpkm cTae He
MOTPIOHOIO KaMepa 3TOPSTHHS.

OCHOBHY YacTHHY HamoBHIOBaya cymimeBoro nanusa [P/l ctanoBuTh 1piOHOAMCIIEPCHUH TTOPOIIOK
AIMIOMIHIIO, MarHito a0o OepuiIilo TermjaoTa B3TOPsiHHS, SKUX 3HAYHO MEpPEBEepIIyE TEIUIOTY 3TOPSHHS
BYTJIEBOTHEBUX TOPIOUHX.

[Ipuknagom TBepaomanusHoro [P /] Moke cIyKuTH MapIIoBUi ABUTYH ITPOTUKOpadensHol pakeTn [1-
270 Mockir. 3anexxkHo Bif mBuakocTi monboTy [P/l mominsroThcst Ha TO3BYKOBi, HAI3BYKOBI i
rimep3BykoBi. Lle#t moain 00yMOBIEHO KOHCTPYKTHBHUMH OCOOJMBOCTSIMU KOYKHOI 3 IIUX IPYII.

VY wanzBykoBomy niamazoni [ITPJ] 3HauHO edekTMBHIIMK HiX B J03ByKOBIM. Hampukian, npu
mBuaKkocTi M=3 cryminp miaBumenHs TUcKy y IIIIPJ] cranoButs 37, MO MOXHaA MOPIBHATH 3 CaMHMU
BHCOKO HaIlipHUMHU KOMITPECOPaMH TypOOPEaKTHBHHX JIBUTYHIB.

Koncrpyxkuist BOIIC c IITPA. OnHuM 3 TOIOBHHUX NMapaMeTpiB, SKUK J03BOJISIE OLIHUTH KOHCTPYKIIIO
CHapsi/a - 11 HU3bKa cujia Onopy MmoBiTps. Po3risiHeMo oiuH 3 BiIoMHX OPOHEOIMHUX ONEPEeHUX
miakanioepaux cHapsaiB bM-9 3 TBepIomaTuBHIM TBUTYHOM.

Konctpykrmiss BM-9 i pesyibratu i aepoJuHaMiYHUX JOCHIKeHb B mporpami Solidworks, otpumani B
pobori [2], HaBeneni Ha HacTynmHuX puc. 3,4,5. Kinnesa mBuakicte BM-9 cranoButh 1500 M/c B MOMEHT
npuOyTTs Ha BizcTani 2120 m.

Puc. 3. Bponeo6iitnuii migkaniéepunii cnapsy bM-9

Puc. 4. Po3noain THCKY NOBITPSIHOTO MOTOKY, 110 CTBOPIOETHCS MPH M0J1b0Ti BM-9
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Puc. 5. Po3noain mBuakocTeil moBiTPSIHOT0 MOTOKY, 10 CTBOPIETHCS MPHU Moab0Ti BM-9
Po3paxyHok cunu oropy nositpst ipu pyci BOIIC.
JI1s moOymoBY 3aKOHY CHIJIM OTIOPY TOBITPS, MOTPiOHO OOPOOUTH SKCIIEPUMEHTANIBHI TaHI OTpUMaHi B
po6ori [2] (muB. Tabmuiro 1) ans hopmu cHapsiaa (puc.3) i BUCIOBUTH 3aI€KHICTh MK HIBUAKICTIO 1 CHIIOO

OTIOpY TOBITPA.

Tabnuys 1
Tabanus 3a1e;KHOCTI CHUJIM ONOPY NMOBITPSA BiA LIBUAKOCTI CHapsiga
IIBuaxicTh cHapsay, V M/c Cuna omopy mosiTps, Re, H
1800 1102
1700 979
1600 836
1500 705
1400 603
1300 534
1200 2717
1100 2029

HaBoky nmictuar nporpamu Ha Python, skuit 1eMOHCTpY€e MOKIMBOCTI BUPILIIEHHSI BITPABU OTPHMAaHHS
¢ynkuii Re (V) B 3pydyHoMy Ui MOAAIBLIOTO BHKOPHUCTaHHS BUINIALI, y rpadikax (yHKUIi CHIM OMOpY

MOBITPSI BiJT IIBUIKOCTI, 1110 HaBeJIeHI y puc. 6, 7, 8:

——  3aKoH BUMIDIOBAHHA ONOPY BIA WeWKoCTI
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LIIBMOKicTs MepeMillleHHs B NOBiTPi V B M/C

Puc. 6. I'pagik Re(V) 3 inTepnoisiniero KyoivHUM CIUIAHHOM
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Puc. 7. I'pagix Re(V) 3 inTepnoasinielo npsiMuMu JiHissMHU

——— 3aKoH BMMipKOBaHHA ONOPY Big WBWMAKOCTI
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Puc. 8. I'padik Re(V)
Januii rpadik HaM TOKasye, M0 SKIIO MPH BWILOTI 31 cTOBOypa MIBHIKICTH CHapsiia B iJeabHOMY
BHUManKy, gocsrae 1800 m/c, TO i€l MBUAKOCTI BiAIOBiIae 3HAUEHHS CHITH ortopy ToBiTps 1102 H.
[Ipu 3HIKEHH] MBUIKOCTI HAa TPAEKTOPIi CHIIa OMIOPY TAa€ 3a 3aKOHOM, SIKHI 300pakeHui Ha rpadiky.
Hani mpu mBugkocti npubnusHo 1200 M/c cuina omopy MOYMHAE pocTU. Take sIBHIIEC IOB’s3aHE 3

reomerpieto KoH(y3opa Ha Bxoi moBiTps 3abipuuka [TTTP/I.

Ha peakruBHHMX miTakax s OOpOTHOM 3 3a3HAYECHUM SIBUIIEM 3aCTOCOBYIOTH PEryJIbOBAHHA KOHYC
MOBITPs 3a0ipHUKA. J[Js pO3MIITHYTOro CHAps/Ia 1Ie HEMOKITUBO Yepe3 OUTbII BUCOKUX MIBUIKOCTEH MONBOTY
B Mexax (1300 ... 1800) m/c. Tomy pmiana3oH eKCIEPUMEHTAIbHHUX JAHUX MHOTPIOHO OOMEXUTH ISt

OoTpHMaHHs pobouoro rpadika, o0 Baka3aH Ha puc. 9.
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Puc. 9. Podounii rpagdik Re(V)
Oynkuito Re (V) ang Oyap-sikoro HabOpy eKCIIEpUMEHTANbHUX MOXKHA OTPUMAaTH 3 HACTYIHOTO
KOPOTKOTO JIICTHHTY:
-*- coding: utf8 -*-
import scipy as sp
from scipy.interpolate import interp1ld
x =np.array([1800, 1700, 1600,1500,1400 ,1300,1200, 1100])
y =np.array([ 1102, 979, 836, 705, 603, 534, 2717,2029])
def Rc(new x):
new_y = sp.interpolate.interp1d(x, y, kind=‘cubic’)(new_x)
return new_y
Po3paxyHok 30BHIilHBOI Oanictuku BOIIC.
OCKUIBKY MTOCTPLNT 3 IPHITUTIOBAHHS MPOBOJUTHCS 3 TIEBHOTO CTOBOypa Hac Oyje MiKaBUTH NadbHICTH 3
ypaxyBaHHSIM CUJIU TSTH.
BusHaueHHS cuiH TATH.
Kopucrytouncs ycima popmynamu (2) + (4) MOKHA BU3HAUUTH CHITYy TATH. J{JIsI MOYaTKy BH3HAYMMO

CEKYHJIHY BUTpPATY TIOBITPS:
m, mp-5p w1205 - 0001 - 1500 --&44‘?
nme P =1.205 kr /M3 (ILlinpHiCT MOBiTPs 3 piBHAHHS Knaneipona mpu T = 0 °C);

V =1800 M/ ¢ — IIBUAKICTE pyXy CHapsia (3a YMOBOIO).
CekyHIIHa BUTpaTa MAJILHOTO, sIke Oy BiJIIOBIAaTH CEKyHIHIM BUTpATI MOBITPSI:

1 dma 1 el

e e 0 (5 Ll s (7 o F e

M =L ar - 1a7 - -

ne L = 14,7; mo BianoBinae peaktuBHOMY nanuBy «PT» (Tabmuist 2)
Tabnuys 2
Tabauus cTexioMeTPUYHOT0 CKJIATy rOPIOY0i cyMmini
ITanbue BigHoeHHs Mac OKMCHIOBa4a/majasHoro, Lo

TC-1 14,7
PT 14,7
T-6 14,6
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3a qaHuMHu [2] MBHUAKICTh PEAKTUBHOT'O CTPYMEHS I HaBeIEHUX HapaMeTpiB JopiBHIOE V = 1840 m/c.
BusHauaemo cuity TATH 31 CriBBiAHOIICHHS (2):

Pr = 9.3342 (1840 — 1800) + (489 = 1840 — 1184 H

Cucrema yrpaBiiHHS 30BHIIIHBOI OaJTiCTHUKY.
PosrnsiHeMo cxeMy CHII AiI0YMX Ha LICHTP Mac HEKEpOBAHOTO B MOJBOTI cHapsiaa Ha puc. 10.

vA v

Xa

a

1

Puc. 10. Cxema cui1 Ail0YHX HA HEHTP Mac HEKEPOBAHOI0 B MOJIbOTI CHapsAIa

CucreMa ynpaBiIiHHS IPHHAMAE BUTIIS

dd  —g " costdl
Wk ¥
dF Py-RA
e
aX
=™ ¥ =coa{dr
==V sin(#) 6
KinbkicHi 3HaYCHHS TapaMeTPiB:
m=6.77 Kr.
Pr=1181H
g=981 (6)
[TowyaTtkoBi yMOBH:
¢ =1918"
Vo= 1800 ®/a
Ag=Q
V=i
. & Xz
T P ™

Cucremy mudepeHmianbHuX piBHAHL (5) 3 ypaxyBaHHsM (6) 1 (7) Oyaemo BupilmryBaTd 3acobaMu
Python, nepeBu3HaunBIm 3MiHHI 5K Y1, y2, y3, y4:
KinpkicHe pimeHHs cucTeMy AUQEPEHITIMHNX PiBHAHD BKa3aHo Ha puc. 11, 12, 13, 14.
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Puc. 11. I'padik TpaexTopii 3a yacom
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Puc. 13. I'padik po3noainy mBuakocTi 3a 4acom
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Puc. 14. I'padik TpaexTopii

Banictnyani XapakTepucTHKY HaBeeHI Ha rpadikax, HeTaTUBHI 00acTi 30epekeHi I HAOYHOCTI MePexXoy
4epes3 HyJlb.

BucHoBxku

PosrnsiHyTo 0coOMMBOCTI OpOHEOIHHUX CHAPSAIB 3 MPSIMOTOYHUM MOBITPSHO-PEAKTHBHUM JBUTYHOM,
OCHOBHI p0O3paxyHKH BHKOHAHI i3 3aCTOCYBaHHSIM 3ac00iB BHCOKOPIBHEBOI MOBHU IIporpamyBaHHs Python.

Cnmcok BUKOPUCTAHUX JzKepet

1. Apmemos O.A. Ilpamomouni nogimpsaHO-peakmugHi 08u2yHU (PO3PAXYHOK XAPAKMEPUCTHUK):
Mownoepagpis. — M: Komnanis Cynymuux+, 2006. — 374 c.

2. I'aspunos K.C. Ilpoexmyeanns 6ponebilinoco niokaiioeprHo2o cHapsioa ¢ nPaMOmMoOYHUM ROGIMPIAHO-
PeAKmusHUM O8USYHOM (HeOnYOIKOBAHO).

Penensent: [lerpymenko M.M., a.T.H, npodecop, BilicbkoBa akanemist (M. Ozneca)

BPOHEBOMHBIE CHAPS/IBI C TPSIMOTOYHBIM
BO3YIIHO-PEAKTUBHBIM JIBUI'ATEJIEM

®. Koanpuyk, O. Ckopoxsaros, A. 'ankin, JI. ['opaimeBcbkuit, B. JInckoBuyk

B cmamve npoananusuposanvt npobremvi noOKambepHozo OnepeHHo20 CHApsO0d, NPeOLONCEHHbI BAPUAHM
000py008aHUsL MAKO20 CHAPAOA B030YUHO-PEAKMUBHBIM O8U2amenem, NPUBeoeHvl pauKu CUlbl CONPOMUBTIeHUs
68030yxa, npogedeHHvle pacyemvl HeoOXOOUMOU CUulbl ma2U 6030YUIHO-peaKmugHo2o oguzamens. Paccmompenol
ocobenHocmu OPOHEOOUHBIX CHAPSAO08 C HPAMOMOYHBIM BO30YVUHO-PEAKMUBHbIM O8USAMeNeM, OCHOGHblE pacyemvl
BbINOJIHENbL C NPUMEHEHUEM CPEOCME BbICOKOYPOBHEB020 S3bIKA NPOSPAMMUPOBanust Python.

Knroueevle cnosa: 6poneOOlHbIL NOOKATUOEPHDBILL ONEPEHHbI CHAPSO, B030VUIHO-DEAKMUBHBIU 08USAMEND,
6HeW s DAIUCMUKA

ARMORED SHELLS WITH STRAIGHT AIR JET ENGINE
0. Kovalchuk, O. Skorohvatov, A. Galkin, L. Gordishevski, V. Liskovchuk

The article analyzes the problems of sub-caliber feathered projectile, offers a variant of equipping such a
projectile with an air-jet engine, graphs of air resistance, calculations of the required thrust of the air-jet engine.
Features of armor-piercing projectiles with a direct-flow air-jet engine are considered, the main calculations are
performed using high-level Python programming language.
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Currently, as armor-piercing ammunition are widely used armor-piercing sub-caliber feathered shells (BPOS)
with high penetrating ability

This is achieved due to the high initial velocity of ammunition (1650-1840 m / s) and small cross section (d = 20-
30 mm). To compensate for the force of air resistance, the provision of jet propulsion ammunition is used.

But the main disadvantage of such shells is the dependence of the ability to pierce armor from a distance to the
target. That is, due to the resistance of the air, the speed of the projectile is lost, namely its energy. What they are
inferior to cumulative projectiles, for which the ability to pierce armor does not depend on the distance to the target.
Modern armored vehicles have significant armor and BPOS lose their importance in the range of cumulative projectiles
and anti-RPG. This situation can be corrected if the BPOS is equipped with direct-flow jet engines (PPD).

Direct-flow air jet engine (PPD), simple in design, has a high efficiency at large Mach numbers, compact, because
it does not require the presence of an oxidant in the fuel, as it uses oxygen from the environment. Compressed air
entering the combustion chamber from the inlet device is heated by oxidation of the fuel supplied to it. Created from a
mixture of air with combustion products gas mixture — the working fluid in the nozzle reaches the speed of sound, and at
its output expanding to supersonic.

The working fluid flows at a speed greater than the speed of the oncoming air flow, which creates a jet thrust.

When the flight speed is much less than the speed of the jet, the thrust increases. As the speed of flight approaches
the speed of the jet, the thrust decreases, passing some maximum corresponding to the optimal speed of flight.

With the development of mixed solid fuel technology, it began to be used in PPRD. A fuel checker with a
longitudinal Central channel is placed in the combustion chamber. The working fluid passing through the combustion
chamber oxidizes the fuel from its surface and heats up.

The use of solid fuel further simplifies the design of the PPRD as it does not require a combustion chamber.

The main part of the filler of mixed fuel PPRD is a fine powder of aluminum, magnesium or beryllium, the heat of
combustion, which is much higher than the heat of combustion of hydrocarbon fuels.

With the development of mixed solid fuel technology, it began to be used in PPRD. A fuel checker with a
longitudinal Central channel is placed in the combustion chamber. The working fluid passing through the combustion
chamber oxidizes the fuel from its surface and heats up.

The use of solid fuel further simplifies the design of the PPRD as it does not require a combustion chamber.

The main part of the filler of mixed fuel PPRD is a fine powder of aluminum, magnesium or beryllium, the heat of
combustion, which is much higher than the heat of combustion of hydrocarbon fuels.

An example of a solid propellant PPRD can be the propulsion engine of the anti-ship missile P-270 Mosquito.

Depending on the speed of flight PPRD are divided into subsonic, supersonic and hypersonic. This division is due
to the design features of each of these groups.

In the supersonic range PPRD is much more effective than in the subsonic. For example, at a speed of M = 3, the
degree of pressure increase in the PPRD is 37, which can be compared with the most high-pressure compressors of
turbojet engines.

Keywords: armor-piercing sub-caliber feathered projectile, air-jet engine, external ballistics.
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