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V]IK 623.4.068.4

MOJIETTFOBAHHSA ITOTOKY IIOPOXOBHX I'A3IB ITIEPIIOT
KAMEPH I''TYITHUKY NIYMY IIOCTPLTY CTPLIEIIBKOI 35POI

Kotmap I.B.. k.T.H.,

yardnight@gmail.com, ORCID: 0000-0003-1718-753X

HayionanvHuil yHicepcumem kopabaedyoysanHa imeHi aomipaia Maxaposea
(m. Mukonais, Vxkpaina)

Ilooaromvea  pesyiomamiu  OOCIHIONCEHHA  MOOEIbO6AHO20  NPOYEcy
GUMIKAHHA NOPOXOGUX 2a3i6 3 OVILbHOI 4acmuHu 26UHMIEKU Y NOPOACHUHY
CIVUIHUKY — WYMY NOCMpILLY, AKe Npo6oounoci 3a OO0NOMO20K Nakemie
o00UlCT06aNbHOI 2a300uHamiKy. Memorw O00CniOMHCeHHA € GUAGNEHHA GNIUGY
2eoMempuyHUX ocobaucocmell KOHCMPYKYIl 2IVUIHUKG HA 11020 peoVKYIlHY
epexkmueHicmv. 3 02190y Ha me, ujo Macoeabapumui napamempu IVUIHUKY
Maromos  NPaAKmMudHUil  6NIUE Ha 11020 3pYYHE GUKOPUCMAHHA, HAMASaHHA
IMeHwumu 1loco posmip s3Oepicaroyi peoyKYiliHy e@peKkmueHicms CNOHYKAE
OOCNIOHUKIE 00 NOULYKY ONMUMAIbHUX 3HAYEHL 11020  2eOMempUuUiHUX
napamempis 6UAGIAOUU 3ATeHCHOCMI 3MIHU GOopMU GHYMPIUIHIX NOPONCHUH
SIVIMHUKAG Ha WIUHHICMb 2a300UHAMIYHUX NPOYEci6 6 1020 pPeOVKYIUHUX
kamepax. IIpeoyvemom 00CniONHCeHHA € pO3NOOLT OUHAMIYHO20 MUCKY NOMOKY 6
neputLiti kamepi 2IyUIHUKaA.

V' HaaeHiil pobomi 0y10 npuilHaAmo 6uUOLIUMU ceoMempudHUIl napamemp
006IHCUH Nepuloi Kamepu y AKOCmI Kepyrio2o napamempa. 3MiHI0YU O0EHCUHY
nepuioi kamepi 0y10 NPOGEOeHO PO 2aA300UHAMIYHUX PO3PAXVHKIE POO0H020
NOMOKY y MOMY HUCIT 6USHAYAGCA OUHAMIYHUL MUCK YV GUXIOHOM)Y OmMeEopi
SAVUIHUKA, 0N OYIHKU 1i020 eheKmusHocmi. V x00i 0ocnioxceHb 0Y10 6UAGTEHO
ehexm pedyKuyii po3uitUpeHHs NOMoKY NOPOXO6UX 2a3i6 uL1axoM iHmepgepeHyii
oKpeMux 11020 nepugepiliHux uiapie y 20po nomoxy nicis eiooumms ix 6io
No6epxXoHb nepuioi peoyKyiHoi kamepu. PeoykyitiHa cnpoModcHicms kamepu 3
VPAxy6aHHAM HAGeOeH020 ehexmy iHmepghepeHyii 3anexcums 6i0 ceoMempudHoi
popmu ymeopeHoco poumy A0pa nomokxy, AKull npuliMae Gopmy KOHiYHOT
NOGEepPXHI.

Ilposeoderi OocniddxcenHa 6uUASUNU, WO 3MiHA Qopmu Yiei NOGepxHi
(PpOHmMY NOMOKY NOPOXOGUX 2A316 CYMMEBCO GNAUGAE HA PEOVKYIIHY 30amHicmb
nepuioi kamepu 2nyuiHuka. Llnaxom 3miHu O08HCUHU Nepuioi Kamepu MOXCHA
ompumamu 06i ¢opmu noeepxui gpoumy nomoxy. Ilpu oocmamuvo 0062iil
Kamepi Mu Maemo noeHicmio cghopmoearitii KoHye ppoumy. V inuiomy 6unaoxy,
AKUIO 3MEeHULY6amil OOGHCUHY Nepuioi Kamepil, MoxceMo cnocmepizamil NOAGY
NOGEPXHI 3Pi3aH020 KOHYCY (ppoHmy. Bniausaruu Ha opmy KoHycy ¢poumy
NOMOKY  WIIAXOM  3MIHU  OO0GXMCUHU Nepuiloi  Kamepu IVUIHUKA 60alocs
onmumizyeamu peOyVKyiliHy 30amuicmv nepuioi kamepu.

Krwouoei cnoea: enyuiHux wiymMy nocmpiiy, peoyKyiliHa memopawa,
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PO3UIIPEHHS NOMOKY, PeOVKYLA MUCKY, iHmepgepeHia nomokie.

IHocmanoexka npooaemu. B cydacHOMY CTaH1 po3po0OK INIYITHUKIB IITyMY
CTpLUIENbKOI 30poi BIA3HAUAEThCS 3HAUHIIT nporpec. KOHCTPpYKTIBHA TUIIOIOT1A
TJIYITHUKIB PO3BHHYTAa HACTUIBKIL, IO BKIIOUAE B ceOe UNCIEHHI MPUHIINIIOBI
cxeMmn e()eKTHBHOTO TIyHIHHA 3BYKY. OCHOBHIMII HANlpsSMKaMH PO3BUTKY ITIX
cxeM € 00'eMHMHII cItoci® TIYIIIHHS Ta BIAXIUIAOYA Tig. 3a ocTtaHHl 20 pOKIB
TOCIITHIKN 30CEPEeAIUI CBOK VYBary Ha IO€AHAHHI IIX HAOPSIMKIB,
JOCATHYBIIN 3HAYHNX Pe3yiabTaTiB 1 MIJBHIIUBINN PeAYKIIIHY 3IaTHICTD
TIYIIHOKIB 10 piBHA 25-29 1b. Ileil pieHb 3a0e3nedye Oe3meKy OpraHiB CIyXY
O1fiI11B, ajle He 3aBJK/IU BIICTava€e T4 3aJ0BOIeHHA MOTped y MacKyBaHHL. OKpIM
MacKyBalbHO1 (YHKIIII, TIYIIHAK (IPUCTPIil) TOBIHEH MaTH ONTHMAalIbHI Maco-
rabaplUTH1 MOKAa3HIKM, IO 3a0e3MeuyBaTUMYyTh Oro 3pydyHE BUKOPUCTAHHSI. 3
TOUKI 30pY BHPOOHHIITBA, TIYIIHIK Mae€ OyTH HPOCTHUM Y BHTOTOBJIEHHI Ta
BHCOKOPEHTA0ETBbHIIM, IO MOATPUMYBaTIIMe 1HTEpeC BHPOOHHKIB [0
3MEHIIIeHHS Maco-TabapUTHIX IOKAa3HUKIB 3 METOH 30UIBIIEHHA MPHOYTKY.
OTxe, BHHHKA€ NNTAaHHA IPO MOKINBICT 3HIDKEHHA Maco-rabapnTHUX
IIOKa3HIKIB TTYIITHIKA, 30epIrarodn iforo QyHKIIIOHATEHY €()eKTIUBHICTD.

Ananiz ocmanuix oocnidxceHv 1 nyoéaikauii. J{OCTIUKEHHIO TPOIECY
NOCTPUTY MPHAUIEHO JOCTaTHRO 3HAYHY YAacTHHY HAYKOBHUX POOIT, IO
BICBITJIFOIOTh  Ta30MHAMIYHI TpOIleCH MBUAKOIIMHHNX sBuml. Cepen
BITUI3HSAHUX IIKUT TEeMAaTHYHOTO JOCTI/DKEHHA Tpeda BHIUINTH HAyKOBO-
BrpoOHIuy kommaniio "IMKAC", IactutyT TexHiu"oi mexanikn HAHY, TOB
"AWS", sak1 3afiMaroTecsad AociypkeHHS edekry [aprmana — Illmpenrepa, 3
KOHIYHIMH Ta cheprnaHnmMu MeMOpanHuMmn eremeHTamn [1,2]. Takox mneBHI
JOCTIKEHHS TTPOBOATECA B OnecbkoMy gocaitHomy IeHTp1 TOB "Hamond",
0 JOCTDKYIOTh TEUIF0 Ta3lB Yy MOAN(IKAMIAX KOHCTPYKIII TIYITHUKY
BHHalmeHy Xaiipem MakcnmvoMm. Cepe 1HO3eMHIX KOMITIAHIH JOCHTH B1IOMI
BupoOHnkn: GemTech [3], Silencer Co [4], M0 NPOBOAATH IOCTIIKEHHS 3
CYILUTHHO-KOPIYCHIMII ~ KOHCTPYKIISIMI — TJAYVIIHOKIB IS aBTOMATIYHOI
CTPUIEIIEKO1 30pOi.

Dopmynrweanna uineit cmammi. MeToro poOOTH € TIPOBEIEHHA
JTOCIPKEHHS 3 METOK BII3HAUEHHA BIUINBY T'€OMETPHUHIX OCcOOIIBOCTEl
KOHCTPYKIII TJIVIIHIKAa Ha HOro peaykIiiiHy edeKTUBHICTh, IO BIUINBAE Ha
IHTeHCHBHICTH 3BYKOBOTO (DPOHTY I Yac IMOocTplTy. OCHOBHIM IIpeIMETOM
JOCTIDKEHHS € aHall3 PO3MOALTY JAMHAMIYHOTO THCKY B IMOTOIN Ta3y B IEPIIIi
KaMepl ITYIIHIKA.

Ocnoséna yacmuna . Po3rnianaeTbesa mpoOiIeMaTiKa TITYIIHHS IIyMY LT
gac TMOCTPULY #AK AIMHAMIYHOTO Ta MIBIJIKOIUIMHHOTO SBHINA. 3 METOIO
cucremMaTm3amnii  mpodieM, HOB'S3aHUX 3 OUABHINEHHAM — pPeAyKINIHNX
XapaKTepUCTUK TIIYIIHIKA, MPOHOHYETHCA IMOAUINTH IX 3a KAaTErOpIE0 dacy
BIHIKHEHHS Ha TPH OCHOBHI Meploan raciHHsg mymy. [lepmmii mepioa BKIrOUaE
Ipollec IMKOBOTO TaCIHHSA IOTEHINATBLHOI €Heprii IOTOKY J0 BILTHOTY Ta3iB 3
raymHnKa. J{pyrmii mepiojl BIIHOCHTBCSA JO IPOIECIB 3allOBHEHHS TIITYIIHIIKA
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MOPOXOBUMI Ta3aMU Ta 30UTBIIEHHS CTAaTUYHOTO TUCKY BCEPEANHI TITYITHIIKA.
Tperiit mepio BigoOpakae mporiec naaiHHA epeKTIBHOCTI ITYIITHIKA.

V 3B'SI3KY 3 HINPOKUM CHEKTPOM MPOOIeMATHKI JAHOTO JOCTIIKEHHS, MU
OOMEKIIMOCS PO3ITILAOM JIIIIEe MEPIIOro IMeploAy TaciHHA MyMy. Y IThOMY
KOHTEKCT1, BHBUAKYN MEepHnii NepiojJ, HeOOXITHO BHCBITINTH HACTYIHY
npodiemy. daken MOTOKY IMOPOXOBHX Ta3iB, IO BHUXOJNTH 31 CTBOJA, Ma€
3HAUHY JIOBXKUHY BHCOKO-TIOTEHIITHOI 30HH, Ha SKy He MOKHa e(eKTIBHO
BIUTITHYTH 3a JOIOMOTOK KOHCTPYKTHUBHIX €JIEMEHTIB IIVIIHIKA, TaKIX SK
ITacTHHN a0o MeMOpaHH i BIAXIUIEHHS MOTOKY. THMM HE MEHIN, TaclHHA
THCKY B IMEpHINX KaMepax, Jieé BIH JOCSTae CBOTO MaKCIMyMY, BHI3HAUae
TEHJIEHII0 TIYIIHHA IIYMY B HACTYIHUX KaMepax, Y3TO/KYIOUll 3allOBHEHHS
iX CTATHYHUM THCKOM 1 KIHETHYHIMHI XapaKTePUCTIKAMII IOTOKY .

€ MeToJI peyKIii TUCKY, SIKHUII IPYHTY€ThCS Ha BIKOPICTAHHI BTOPIHHIIX
XBILTh 1HTepQEpeHIlli MOTOKY, IO BHHUKAIOTH MICIA BIAOUTTSI (QpoHTATRHOI
XBIUTI IOPOXOBUX Ta3iB B1J CTIHOK KaMepH IIIyImHuKa. [lepnry kamepy 3pobi1eHo
MOPOKHBOI0 Ha MEBHY JIOBXKIHY, BOHA BIJOKpPEMJIEHA Bl HACTYIHOI KaMepn
¢dirypHoro MemOpaHor y QopMi KoHyca abdo KINHY. MeXaHI3M BIUIUBY
1HTepdepeH Nl Mpamroe TaKIM YIMHOM: BIIOMO, o mepurdepiiiHi mapi MOTOKY
MOPOXOBHX Ta3lB PYXawThCA INMBUIIE, HLK IIeHTpalbHa YacTHHA (akery,
BIIOMa fK SAPO IOTOKY, depe3 amiadaTHe po3mmupeHHA. [le mpu3BoanTth 10
dbopmyBanHA Ancky Maxy [5, 6]. OTxke, mepudepiifHIil HOTIK BUIIEpeKAE SIPO
Ta MEPIINM JIoCATae MOBEpXHI PIrYpHOI MeMOpaHN TJIVIIHIKA, ¢ 3MIHIOE CBII
HampsAM Ha 3BopoTHHiL. [loTiM, HN3BKO WOTEHINITHMII pPO3ITHAHOII IIOTIK,
BIJIONBAIOYIICH Bl MeMOpaHH, BXOJNUTH Yy BICOKO MOTEHIIHNII MOTIK fApa,
3MEHIIVIOUN {i0T0 OChOBY INBHJKICTH Ta CHPISIOUN OO JA0JaTKOBOMY
pamianpHOMY posmupeHHwoo. [lefl ABuIe B3a€eMHOTO MPOHNKHEHHS MIBIIKOTO
MOTOKY 3 MEHIINM IOTEHIIATIOM, aje BUIMUM KIHETHYHIIM CTaHOM, V BIICOKO
MOTEHINITHNIT MTOTIK 3 MEHINNMH KIHETHYHIMH ITOKA3HIKAMII Ha3MBa€ThCA
edexToM 1HTEp(DEepeHIIli MOTOKY.

JlocmipkeHHST TPOBOANUTHCA 3a JIONMOMOTOK IAKETy OOUIICTIOBATIBHOL
ra3o/ITHaMIKI BIKOPICTOBYIOUN HACTYIIHI MApaMeTPH PO3PaXyHKY:

® THII PO3pPaxVHKY 3a OCHOBOIO: Pressure-Based.

® THII pO3paxyHKY 3a yacoM: Transient.

e pospaxyHKoBHil mpocTip: 2D space: Planar.

e Mojenb po3paxyHKY: Energy, SST k-omega.

VYV gKocTi poOodoro areHTy OyI0 B3ATO IOBITPS, SAK 1J€aTbHII ra3 3
KYCKOBO-IIOJIIHOMIATRFHOK 3aIeKHICTIO 3MIHHI TEIIOEMHOCTI BIJ TeMIIEpaTypHn
rasy);

['panmgH1 YMOBHU PO3paxyHKY:

Ha Bxoni:
P =610.99x10°TTa; P =306x10’ITa; 7, =1639K.

V 3B'I3KY 3 THM, IO 00'eM ITOPOXOBHX Ta3iB OOMEKEHII, TO TIHCK Ta
TeMIlepaTypa PN MOJIETOBAaHHI IPOIlecy He € CTAaTHYHIMI XapaKTePICTUKAMI,
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a OTKe JONUIFHO TPOBECTH eKCIIEPUMEHT 3 JIOCTDKEHHA 3MIHI X
XapakTepncTuk y dacl. Jlam mojaroTbess (QYHKINI, IO BH3HAYAIOTH 11l
3a/Ie)KHOCT1 HaBeIeHIIX XapaKTepUCTHK v daci[7]:

P;ror :]%ror 'e—b-r (1)
5 5 —bt

B =F-e"" (2)

];ror _ zaror _e—b-r (3)

>
e f 9ac mpoliecy.

Haseneni ¢yHKmi Oyan 3ampoIlloHOBaHI bpaBiHIM 1711 BH3HAUYCHHS
XapaKTEePHCTHK THCKY V AYIbHOMY 3pi3l [1]. @opmyan yTouHeHHA KoedIIieHTa
b Tako HaJalThCA y HaBeJeHOMY DKepenl [1], ame aBTopoM okpemo OyI10
OPOBEJCHO JIOCTIDKEHHA, SKe [03BOMIIO YTOUHUTH PO3PAXYHOK IIHOTO
Koe(ireHTa. ABTOPOM MPOMOHYVETHCA 3aleKHICTH (4), @0 peanizyBaia
JOCTaTHIO TOYHICTH OOYMOBIIEHHS MPOIECY PEAyKIi IapaMeTpiB IOTOKY
MOPOXOBHX I'a3iB:

o6,

=2 4
ﬁ +y -t ¥ ( )
ne 0, — nyneHnit mapaMetp notoky (B, By'.7,”) Y MOMEHT BIIBOTY KYIIi 31

CTBOJY, OJMHNIN BUMIpoBaHHSA B ATMocdepax Ta KempBiHAX; a — eMIMPIIHIIIT
Koe(DIITI€HT, MO KOperye MIBUJKICTE PEAVKIN; [ — IHTerpyrounil Koe]IlIeHT,
MO KOpEerye MOJOTICTh Ipolecy; Y— ¢akTop BINIHBY Yacy Ha 3MIHY
XapaKTEePUCTUK; / — MOMEHT 4acy, C.

Sk BumHO 3 HaBeaeHOI GopMmyn (4) 3aMeKHICT OYI0 VHIPIKOBAHO I
BI-3HAUEHHA PEeAYKIIli mapaMeTpiB IIOBHOTO 1 CTATUYHOTO THCKY Ta HMapaMeTpy
CTaTUYHOI TeMIIepaTypHd y dYacl, MO € HEeoOXIJHIMH 11i '"0e3KyIb0BOTro"
MO/IETFOBAHHS MOCTPLTY PN AOCTIKEHHAX 30BHINTHBOI OATICTUKII.

[IpoBiBm  gocmipkeHHA — OamicTnkn  ard  kamopy 338 Ta
[IPOAHATI3YBABIIN 3HATI TpadiKn peayKIli MUIBOBHX XapaKTepHCTHK OVIIo
OTpHIMaHO ITyKaH1 KoepimeHTn GopMy (4) 3 HaCTYIHIMI 3HAUSHHAMIL:

e s moBHOTO THCKY: oo = 0.9, f=0.38, y=120;

® 1A cTaTHYHOTO THCKY: o = 0.9, f= 0,28, y= 25;

e g cTaTudHOI Temmieparypu: o = 0.5; f= 2.4; y= 500.

[ToBeprarounck 10 JOCTIKEHHSA IIOTOKY IOPOXOBHX Ta3lB y MepIrii
KaMepl, Ha BHXO/I1 3 TIYIIHUKY BUKOPUCTOBYBAMICS HACTYIIHI IPAHIUYHI YMOBHI
HABKOIIUIITHHOTO POCTOPY:

® TICK HAaBKOIHIIIHKOTO cepeaoBumia — P, = latM;

® TeMIepaTrypa HaBKOINIIHKOro cepemoBuma 3, = 300K.

HacTymHi HaBeJeH1 MapaMeTpH BH3HAYAalOTh TOYHICTH Ta 30LKHICTH
PO3paxyHKIB V IporpaMHoMY makeTi FEM aHam3y:

Cxewma po3spaxyHky: Couple;

e ['pamieHT: HA OCHOB1 METO/Y HailMEHINNX KBAJAPAaTIB;

e Tuck: Apyruil MOPsSAOK MO CXeMl 3 PI3HUIAMI IPOTH MOTOKY;
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e [IUTBHICTE: APYTUI TOPAIOK 10 CXEM1 3 PI3HUIISIMI HIPOTH MOTOKY;

e MomMeHTH: APYTHii HOPSIOK MO CXeMi 3 PI3HUIAMI IPOTU IIOTOKY

e TypOyneHTHa KIHETHYHA €HEprif: APYTUil MOPSAOK APYTUil MOPSII0K

10 CXEMI1 3 PI3HUISIMI MIPOTH MOTOKY;

e [lepexigHmii peskIM: IEPIINil MOPSAI0K TOUYHOCT1 HeSIBHITIT V Yacl.

KoHTponrH1 3HaAUEHHA PO3paxXyHKY:

e Uncno Kypanra 0.5

e ®daxkTtopnu pemakcamii: MomeHT 0,5; Trck 0,5;

e JlomomikH1I (akTopu pernakcarii: ryctuHa 1.0, cuma 1.0, TKE 0.8,

KoedimeHT aucnmarii 0.3;

e TypOynentHa B'a3KicTh 1.0.

[TouaTkoB1 yYMOBH MOJETIOBAHHA AIMHAMIYHOTO IIPOIECY: METOI —
CTaHJAapTHA 1HIMIATI3AIlS, BIIHOCHI IIOKa3HOKH — BIJHOCHO YapyHOK;
MOBHIII THCK HABKOINIIHBOTO CEpPEIOBHINA — laTM, MOBHA TeMIlepaTypa —
300K.

Pospaxynok mpoBoanecsa Ha 300 THC. 9apyHOK TeTparoHaaIbHOI CITKI. 3
MOCTIITHIM KPOKOM 3a YacoM, Mo oOpaHmii 3a BenmunHow le-08. Kpnrepiii
TTOXIOKI CXO/KEHHS po3paxyHKy le-04.

PoszpaxyHok OyB 3ymmHeHHiI mnpm JocsrHeHH1 7.5e-04c  3araiapHOTO
JOCIITHOTO Yacy MPOIeCy MPOXOKEHHS MOPOXOBUX Ta31B KP13b IITYIIHIIK.

Pesynpratu  JOCTUDKEHHS  MATBEPIIUI, IO  PO3MIIPHIOYNCE Y
reprdeplitHIX 30HaX, MOTIK MOPOXOBIX I'a31B HAKOIIIMIYE PaladbHO CIIPIMOBAHY
KIHEeTIYHY €HEPrio Ta BIIOMBAETHCSA Bl BHYTPINIHBOI MMOBEPXHI MILTIHIPIIHOTO
KOJKyXa TIIVIITHIKA, IO CTBOPIOE eeKT paJlalbHO-CIPSIMOBaHOI 1HTepdepeHIii.
Ile npm3BoAUTH [0 BIAXWIEHHA IIOTOKY Y JOIEHTPOBOMY HAOpSIMKy Ta
(dhopMyBaHHS KOHYCOMOMI0HOI CTPYKTYpH (hakey (prc.1).

Puc.1. ®opmyBaHHSI KOHYyCa (akea B eMopax MOBHOTO @) Ta CTATHIHOTO
0) TICKIB
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JlocmiKeHHS TaKOX ITOKa3alll,
IO TP BaplIOBaHHI JOBXKIHI MEPIIOi
KaMepn MOKHA TT1TBUTITITIT
e(eKTUBHICTE  PeayKIll THCKY 3a
paxyHOK  1HTepQepeHIHOI  CILTIL.
Bmsermocs, 10 ONTIIMATEHOIO
TOBKITHOIO KaMepHn € TaKoKw, sKa
VTBOpPIOE KOHyC (hakelny e MeHIa
OCHOBa TPHOII3HO JIOPIBHIOE TlaMeTpy
KYJTBOBOTO OTBOPY abo Tpoxm OimbIia 3a
HBOTO (amB. prc.2). 3a TakuX YMOB
nepudeplitHIil MOTIK He MPOXOJNTH IO
HACTYIHOI KaMepH /10 BIAONTTSA 110T0 B1
(dirypHOi MeMOpaHH BIIOKpPEMICHHSA
TepIroi KaMep, Iie 3ade3medye OUTBII
epeKTHBHY pEeayKIII  TICKY  MDK

KaMepaMIl.  3MeHIIEHHS  JOBKIIHI Prc.2. 300pakeHHS yCI9€HOTO
IIepInoi KaMepHn 70 VTBOpPEeHHS (axery KOHyca (akera B emropax
(dhopMII YCIUEHOTO KOHYCY 3 I1aMeTpOM JITHAMIYHOTO THCKY

MEHINIOI OCHOBI, IPHOII3HO pPIBHIM

KYJIbOBOMY OTBOPY, JO03BOTIUIO JOCATTH MOJOBKEHHS MEpPIIOro MePloay
penykmii THcKy 10 40% Oe3 301mbIIeHHS 3araabHOl JOBKITHI TIyITHIKA (pIic.3).
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Pruic.3. IopiBHsAIBHIIT rpadik 3MIHI AMHAMIYHOTO TIICKY 3a YaCOM
y BOX1HOMY KYJIBOBOMY OTBOPI1 ITYIITHIKA IpH (hOPMYBaHHI
yCI4eHOTro (—) Ta IMOBHOTO KOHYca (- -) Aapa dakera

OIIHEIK, I[OCJIi,I[}KEHHH IIOKa3all, IO IMoJallbIle CKOPOYCHHA MOOBXKITHI

Iepmnioi KaMepu MPH3BOANUTH 10 3MEHIIeHHS e(eKTUBHOCTI PEeayKINil TICKY

gepes

HEJIOCTATHIO JOBXKIHY I IIOBHOTO PO3KPUTTA (akelTy Ta BIICYTHICTh

YMOB ISl BUHIIKHEHHS eeKTy 1HTepdepenIni. B Takix Bumagkax BUSABIEHO, 110
He0oOX1THO MOJOBKYBATH PO3IINPIOBATRHY KaMepy A0 Apyroi MeMOpaHi, 00
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CTBOPHTH VYMOBH I BHUHUKHEHHSI e(deKTy I1HTepdepeHIi, IToaI0HO 0
TIIYITHIKA 3 JOBIOK MEPIIO0 KAMEPOH0.

Takum 4ynHOM, TIPOBE/IEHI JOCIIKEHHS HaJalll HayKOBe OOIpYHTYBaHHS
Ta TMPaKTHYHI BHCHOBKHU IOJAO ONTHMAIBHIX MapaMeTpiB KOHCTPYKIIII
TIyIIHOKA, AK1  3a0e3neuyroTh  e(eKTUBHE TaclHHA IMIyMy  IIIAXOM
BIIKOPIICTAHHSA 1HTepQepeHiiiHoro edeKkTy Ta BIIOUTTSA IIOTOKY ITIOPOXOBUX
rasiB, IO JI03BOJIA€ 30eperTu iX y IIIyIIHIKY O3 10/JaTKOBOTO 30UIbINEHHS Barn
Ta CKJIAJHOCTI KOHCTPYKIITII.

Bucnoéxku. Pe3ynpratn  JOCTDKEHHS  IIIKPECTIOIOTH  BAXKIIBICTH
OpPaBIUIFHOTO  PO3paxXyHKy JOBKUHI IIEpPHIOl  KaMepn IIpH MpPOoeKTyBaHHI
rIymHEnKa. HesaneskHo Bl KOHCTPYKINI TUIVITHIKA, pPeAyKIliiHa e(eKTHBHICTH
mepioi KaMepn Mae BeNUKHIIl BIUIIB Ha Ta30QIIHAMIYHI TPOIecH IOCTPLIY,
OCKUIBKI caMe B IIlif KaMepl BLIOYBA€ThCSA IHTEHCHBHE PO3IIIPEHHS IOTOKY Ta
IIepeTBOPEHHS ITOTEHITIITHO1 €HePrii B KIHETIUHY €HEPT1i0 PyXY.

[IIstxoM miaBHIIeHHS eeKTUBHOCTI BUKOPICTaHHS eeKTy IHTepdepeHIi
MOTOKY OYyII0 JOCATHYTO 30UIBINEHHS Meploy HPOTIKAHHA IMOPOXOBHX Ta3iB y
rymHIKY (prc. 3). Le 103Boamio 3aTpuMaTi MOTIK Y IIepIIIiil KaMepl, CTBOPHIBIIIIT
TaKIM YHMHOM YMOBH UIA KEPOBAaHOTO MPOIECY pPeayKIli THCKY Y HACTyIHIX
PO3MINPIOBATHLHIX KaMepaX. 3aTpUMKa IIOTOKY Y TTTYIIHUKY [T03HAUY€Ha CeKyH/1aMI
Ha miarpami. BiamoeiygHO 135MKC 3 OBroro kamepor Ta 271 MKC 3 KOPOTKORO
KaMePOI.

VYV MaliOyTHIX [OCTI/DKEHHAX IUIAHYETHCSA BHIBYEHHS JPYIOro MeEpIoay
IPOIIECIB 3allOBHEHHS TIYITHIIKA MOPOXOBIMII Ta3aMM, a TaKOX ITJIBUIIEHHS
CTaTUYHOTO TICKY Y PO3MIIPIOBATLHIX KaMepaX, IO MPH3BOAUTE 10 eheKTy
3MeHITIeHHs e(heKTHBHOI AOBKMUHI rayIinHIKa. [{ei edekT Mae HeraTUBHMIT BILUTIB
Ha TJYIIHUKHA BIAXIUIAIOUOTO THIY 1 BHUMAarae MOJANBIIOTO JOCTDKEHHA I
BUPIIICHHS IT1€1 IIPOOTISMIL.
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SIMULATIVE MODELING THE FLOW OF GUNPOWDER GASES IN
THE FIRST CHAMBER OF A FIREARM SUPPRESSOR

Dmytro Kotliar

Research results of the modeled process of powder gas outflow from the
barrel of a rifle into the cavity of a noise suppressor are presented, which were
conducted using computational gas dynamics software packages. The aim of the
study is to determine the influence of geometric features of the suppressor
design on its reduction efficiency. Considering that the size parameters of the
suppressor have practical implications for its convenient use, the attempt to
reduce its dimensions while maintaining reduction efficiency prompts
researchers to search for optimal values of its geometric parameters by
exploring the dependencies of internal cavity shapes on the flow dynamics in the
suppressor's reduction chambers. The distribution of dynamic pressure in the
first chamber of the suppressor is the subject of investigation.

In this work, the length of the first chamber was chosen as the control
parameter. By varying the length of the first chamber, a series of gas dynamic
calculations of the working flow were performed, including the determination of
dynamic pressure at the outer opening of the suppressor to evaluate its
effectiveness. During the research, the effect of reducing the expansion of the
gas flow was observed by the interference of its individual peripheral layers in
the flow core after reflecting from the surfaces of the first reduction chamber.
The reduction capability of the chamber, taking into account the mentioned
interference effect, depends on the geometric shape of the formed flow core
front, which takes the form of a conical surface.

The conducted research revealed that the change in the shape of this flow
core front surface significantly affects the reduction capability of the first
chamber of the suppressor. By changing the length of the first chamber, two
forms of the flow core front surface can be obtained. With a sufficiently long
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chamber, a fully formed cone front is achieved. Otherwise, by reducing the
length of the first chamber, the appearance of a truncated cone front surface can
be observed. By influencing the shape of the flow core cone through the
variation of the first chamber length, the reduction capability of the first
chamber was successfully optimized.

Keywords: gunshot suppressor, reduction membrane, flow expansion,
pressure reduction, flow interference.
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