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O TEPMOT'ABOJUHAMHNYECKHUX ITPOHECCAX B IIPUBOPAX
CHMKEHUSA YPOBHS 3BYKA BBICTPEJIA CTPEJIKOBOI'O OPYIKHUS

B cTaThe mIpHBENEHO ONHCAHHE CYNIECTBYIOIIUX IPEACTABICHHN O XapakTepe TepMOra3oAMHAMUUYECKHX
MPOLIECCOB B MOJOCTAX MPHOOPOB CHIDKEHMs ypoBH: 3ByKa BeicTpena (IICY3B) — rmymmreneii U JaHb! CCBUIKH Ha
MeToauKH pacyera Xxapakrepuctuk [ICY3B, ocHoBbIBaroIIMECs Ha 3TUX MpecTaBaeHusIX. [lokazaHo, 4TO METOAUKH HE
YUHTHIBAIOT psna (akTOpOB, OKa3bIBAIOMIUX CYIIECTBEHHOE BIMsAHHE Ha XapakrepucTuku IICY3B, B wactHOCTH,
PEIBHOro (PU3NYECKOTO0 W XUMHYECKOTO COCTaBa MOPOXOBBIX Ta30B BHICTpENa M XUMHKO-TEPMHUUYECKUX peakiuid B
MOJIOCTSIX TIymmTensl. [IpuBeeHs! CymecTBYoIMe NPeCTaBICHAS O TepPMOTa30AMHAMIYECKHX IPOLEeccax, pealln-
3YIOIMXCS B HEKOTOPBIX KOHCTPYKLIMAX TIYIIUTENEH, pa3paboTaHHbIX aBTOpaMu. HameueHs! myTH moiyueHus 6osee
OJIM3KON K peasibHOW pacyeTHO-TEOPETUUECKOM KapTHHBI TeueHus rasa B nonoctsix [ICY3B, u npuBeneHs coob-
PaXKEHUsI OTHOCUTEINILHO (DM3UYCCKUX SIBICHUH, KOTOPBIE HEOOXOIUMO HCCIIEIOBATh C LETbI0 YTOUHSHHUS METOUK
pacuera OCHOBHBIX XapaKTEPHUCTHK TITyIIUTENCH.

B craTTi npuBeieHO ONMUC YSBJIEHb, SIKi ICHYIOTh, IIOJ0 XapaKTepy TEpPMOra30JMHAMIYHUX MPOLECIB Yy I1O-
POXKHHMHAX NIPUCTPOIB 3HIKEHHS piBHA 3BYKy mocTpimy (II3P3II) — roymHuKiB Ta JaHO MOCHIAHHS HA METOAUKH
po3paxyHky xapakrepuctuk [I3P3I1, 1o rpyHTyrOTbCS HAa IUX ysBiIeHHsX. [Toka3aHo, 1110 METOMKN HE BPaxoBY-
10T Psit paKTOPiB, sSIKi CYTTEBO BIUIMBAIOTH Ha Xapakrepuctiku [13P3I1, 30kpema, peanbHOro GizHyHOro Ta Ximid-
HOTO CKJIaJly TIOPOXOBHX Ta3iB MOCTPUTY Ta XiMIKO-TEPMIYHMX peakiiii B MOPOXHUHAX IIymIHUKIB. [IpuBeneno
iCHYIOU1 ySIBJIEHHS IIOJ0 TePMOTra30JHHAMIYHUX MIPOLECIB, 1[0 Peali3yloThCs B JEIKUX KOHCTPYKIISX IIyIIHUKIB,
po3pobieHnx aBropam. HamideHo wULSIXM OTpUMaHHS OUTbII OIM3BKOI O pEaNbHOI PO3PaxyHKOBO-
EKCIIepUMEHTaNbHOI KapTHHH Tedii rasy B mopoxuuHax [13P3I1, Ta mpuBexeHi MipKyBaHHs BiTHOCHO (i3MUHHX
SIBHILL, SIKi HCOOXIZHO JOCIIDKYBaTH 3 METOI YTOYHEHHS MCTOJMK PO3PaxyHKY OCHOBHHX XapaKTEPHCTHK TIIyII-
HUKIB.

The paper concerns description of the existing concepts of a character of thermogasdynamic processes
through cavities of sound suppressors (PSUZV) as well as calculated techniques for the PSUZV characteristics,
based on these concepts . It is shown that the techniques do not take into account a number of factors affecting the
PSUZV characteristics, in particular real physical and chemical components of powder gases of a back-shot and
chemical and thermal reactions through sound suppressor cavities. The existing concepts of thermogasdynamic
processes in some designs of sound suppressors developed by the authors are presented. Ways for providing a
more realistic calculated-theoretical presentation of gas flows through the PSUZV cavities are directed, and
considerations applied to physical phenomena to be studied to refine calculated techniques for basic characteristics
of sound suppressors are presented.

[Ipu paspaboTke TPUOOPOB CHIDKEHHUS YPOBHS 3ByKa BBICTpENa M3 OTHE-
CTPENLHOTO OpYyXHs (TJIyHIUTeNel) HeoOXOIUMO YCTaHOBHUThH JCHCTBHTEIHHYIO
(U3NYECKYI0 KapTHHY TEUCHUS MOPOXOBBIX Ia30B B MOJIOCTH TIYLIMTENS W 3HAUe-
HUS UX TePMOTa30IMHAMUYECKHX ITapaMeTPOB.

Kak npaBuio, mpubop cHmkeHus ypoBHs 3Byka BeicTpena (IICY3B) npoexrn-
pyercst Ui KOHKpeTHOTro opyKus. [Ipu 3ToM yuuTsIBaeTcs, 9To pa3padbarbiBaeMoe
U3JeNe TOJHKHO UMETh MPH 33aJaHHON 3()(PEeKTHBHOCTH MaKCUMAIIbHYIO IIPOCTOTY
KOHCTPYKIMH, MUHAMAJIEHO HEOOXOJUMBIE Ta0apUThl M MAcCy, BBHICOKYIO HaJek-
HOCTh M OOJIBIIOW pecypc HUCIOJIb30BaHUS, OBITh CPAaBHHUTENHBHO HEAOPOTUM H
yao0HBIM B dkcruryaTaruu. [ICY3B He momKeH OKas3blBaTh HETATMBHOTO BIIMSHHUS
Ha OCHOBHBIE XapaKTePUCTHKHN o0pa3ia opyxus (yXyAllaTh MOKa3aTeIl TOYHOCTH
CTpenbObl ¥ pacCeMBAaHUSA, YCIOBHS MPUIEINBAHUS U CTPENbObI, paboTy aBTOMAaTH-
KW OpPY’KHS, YMEHBIIIATh SHEPTHUIO MTyJH U T.1.).

Ha »rtane uccrmemoBanus u pa3pabOTOK HEOOXOAMMO MAaKCHUMAIBHO Y4YeCTh
BECh KOMIUIEKC Ha3BaHHBIX (PAaKTOPOB, TaK KaK NMPEHEOpEeKEHHE KaKuM-THO0 W3
HUX TOBBIMIAET BEPOSTHOCTH MOTYUYEHHSI B KOHEYHOM UTOTe M3AEIHS C XapaKTepu-
CTHKaMH, HE COOTBETCTBYIOIINMHU TPEOYEMBIM.

Konctpykruasie ocobennoctu [ICY3B k pa3snu4HbIM THIAM CTPEIKOBOTO
OpY’KHs OTIMCaHBI, Harpumep, B [1 — 11] u ap.

© H.A. Konosanos, O.B. [Tununenko, F0.A. Ksaa,
I'".A. TTonsixos, A.JI. Cxopuk, B.1. Kopanenko, 2011

69

Texn. mexanuka. —2011. — Ne 2.



Jns opyxust Manoro Kaimuopa ¢ HEBBICOKOM SHEPreTHKol Ooernpuraca IprMeHs-
F0TCS [JTYIIUTEIH, JOCTATOYHO MPOCTHIE MO0 KOHCTPYKIMK W UMEIOILNE IIPU 3TOM CpaB-
HHTENBHO BBICOKYIO d((QEKTUBHOCTh CHIDKEHUS YPOBHS 3ByKa BhicTpena ~ 25,0 — 30,0
nb.

Ha stane 3CKM3HOTO MPOEKTUPOBAHUS TAaKWUX TIYIIUTENEH Ui ONpeaesieHus
UX OCHOBHBIX XapaKTEPUCTHK M KOMIIOHOBKH, INpejnonaraeMoid 3QQeKTHBHOCTH
CHIDKEHHUSI YPOBHS 3ByKa BBICTPEJa MCHOIB3YIOTCS MPEACTABICHUS O TEPMOTa3o-
JUHAMHYECKUX TPOIleccax W 3HAYEHUAX WX MapaMeTpOB, YUUTHIBAEMBIX B pacdeT-
HBIX METOJIMKAaX, OCHOBHBIC aCIIEKThI KOTOPBIX M3J0XKeHH B [1, 3, 10, 12 — 27].

B cimydae nmpoekTHpoBaHUS TIIYIIUTENEH Ha Opy)KHe, UMerolee Ooenpurac ¢
OOJBIION PHEPTeTUKOM, IS MONYYECHUS MPUEMIIEMBIX 3HaYEHUH 3(PPEKTUBHOCTH
CHIDKEHHS yPOBHS 3ByKa BBICTpEJa MPH COXPAHEHNUHU yIOBIETBOPUTENBHBIX MACCO-
rabapuTHBIX XapaKTEPUCTHK NPUXOAUTCS YCIOXKHATH YCTPONCTBO BHYTPEHHHX
3JIEMEHTOB KOHCTPYKIINH TIYIIUTENS], 00eCTIEYNBAIOIINX MPE0Opa3oBaHNe SJHEPTUU
MMOPOXOBBIX Ta30B B TEIUIOBYIO M, KaK CIIEJCTBHE, MPUBOAAIINX K YMEHBIICHHIO
YPOBHS T€HEPHPYEMOTO 3BYyKa. J[J1s 3TOH 1enn MCHOIB3YyIOTCS, HampuMep, KOHCT-
PYKIIMH, COIEp’Kalllhe TelIMKOMAaIbHBIE TOBEPXHOCTH WM PacCEeKaTemH, IMpes-
cTaBigomue co00ii Habop KOHCTPYKTHBHBIX AJIEMEHTOB CIIOKHOM, MHOTJA JK30-
THYECKOH (hOPMEL.

[Ipu pa3paboTke KOHCTPYKINH TaKUX TIYIIUTENEH U MpeIBapuTEIbHOMN OIIeH-
Ke X 3(QPEeKTHBHOCTH cleayeT MMETh B BHAY, YTO TEOPETHYECKHE METOIMKHU
oreHKN 3P PEKTUBHOCTH MPUOOPOB CHIDKCHUS YPOBHS 3BYyKa BHICTpEJa ¢ MHOTO-
KpaTHBIM PacIIMpEeHHEeM MOTOKa OCHOBAHBI HA MCIOJB30BAHUH PSAA YIPOIICHUH.
Hanpumep, mpuHHMAIOT, 4TO MapaMeTpsl raza B KaXaA0i Kamepe B TEUCHHE BCETO
BpEMEHH OT MOMEHTA BXOJa MyJH B IpUOOp A0 MOMEHTA BBIXO/Ia U3 HETO SIBIIIOT-
Cs TIOCTOSHHBIMHU TI0 00BEMy KaMepbl, HO TMEePEeMEHHBIMH BO BpeMeHU. CKOpOCTh
rasa B IEHTPAIbHON TpyOKe NMPHUHMMAIOT PaBHOW CKOPOCTH IyNH, B KaMmepax —
paBHOW Hymio. J{is pacdera mapamMeTpoB paccMaTpHBa€MOTO HECTAIMOHAPHOTO
npollecca MCIONB3YyeTCsl CHCTeMa OOBIKHOBEHHBIX AuddepeHanbHbIX ypaBHe-
HUM, MTOTydeHHast B pe3yJIbTaTe MPUMEHEHNS 3aKOHOB COXPaHEHHsS] MacChl M SHep-
UM K 00beMy Ta3a B KaXAOH Kamepe MpUOopa ¢ YIeTOM MEepeTeKaHus raza yepes
OTBEPCTHS B CTEHKaX KaMep

dyij
dt
rae N — obmiee grciao kamep (Tpu HyMepaIul kKaMep HoMep 1 COOTBETCTBYET Kamepe

MIEPEMEHHOr0 00BbeMa, OOBEIUHSIONICH KaHal CTBOJIA OPYXKHS M YacTh LEHTPAIbHOM
TpyOKH 110 mynm); ¢— BPeMsL; Y, ..., Ys; — IUIOTHOCTb, NABICHHE, TEMIeparypa

=f, i=1,2,..,4, i=5 j=12,.,N, (1)

CKOPOCTB I'a3a B j -TOH Kamepe; Y5, — 00beM 1-0ii Kamepbl.

IIpu 3amaHHBIX HAYaIBHBIX 3HAUCHHSIX CHCTeMa ypaBHeHUH (1) mHTETpHpyeTcs
Mo BpeMeHH MeTronoM Oinepa. Ilocne maTerprpoBanms 3PPEKTHBHOCTH PaOOTHI
puOOpa OMPeAeIIAETCS C UCTIOIL30BaHNEM O0IIETO BEIPAKEHUS

t*
E-= 101gﬁ_) 1,
pl(o)
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*
rae E — moHWKeHHe ypOBHs 3BYKOBOI'O JaBJieHHs Ipu padoTe mpubopa; pg (t ) —
JIaBJIeHKE ra3a B 1-if Kamepe Ipu BbUIETE IyJIX U3 Ipudopa; p; (O) — JIaBJICHUE ra3a B

KaHaJIe CTBOJIa OPY>KUSI TIPH BXOAE ITyJIH B IPHOOD.

IIpu pacuere xapakTepa T€UE€HHUS U OCHOBHBIX XapaKTEPUCTUK IITYIIUTENS, Ha-
npuMmep, B padote [19] ncnonb3yroTes cleayomue TOmy eHHs:

1) mpouecchl rOpeHus B KaHalle CTBOJIA 3aBEPILECHBI 10 BHIJIETA ITYJIH;

2) XapaKTepUCTHKH pabouero Tena (MOPOXOBBIX ra30B) MOJUMHSIOTCS YpaB-

HEHHIO COCTOSTHUSI UJIEalIbHOTO Ira3a;

3) TeueHHe MOPOXOBBIX ra30B B yCTPOICTBE CUUTAETCS ABYMEPHBIM W OIH-
CBIBAETCS CHUCTEMOM HECTALMOHAPHBIX JBYMEPHBIX YpaBHEHUH TIa30BOi
JUHAMHMKH B OCECUMMETPUYHON TIOCTaHOBKE;

4) mnpeHeOperaercs BI3KOW JUCCUIALIMEH 110 CPAaBHEHHUIO C paccessHUEM dHEp-
THH B yIapHBIX BOJIHAX.

Lenb paboThl — yCTaHOBJICHUE ITyTeH MOIy4YeHUs Ooiee JOCTOBEPHBIX TaHHBIX

00 OCHOBHBIX KOHCTPYKTHBHBIX MapaMeTpax IIyIIUTEeNed 3ByKa BBICTpENia CTpeE-
KOBOTO OpYKHSI M MX 3(P(EKTHBHOCTH MyTeM YTOUYHEHHs (DPU3NYECKOH KapTHHBI
TepMOra3oHaMHu4eckux mporeccoB B nosoctax [ICY3B, g nocnenyroiero co-
BEPIIIEHCTBOBAHUS PACUETHBIX METOJUK X OIPEACTIECHHS.

Tak, kacasch CKOPOCTH MOPOXOBBIX Ta30B B TYJIBHOM OTBEPCTHU B MEPHOJ IO-
CIIEIEICTBYSL, YTO MCKITIOUUTENILHO BaYKHO JUIS ONpEeNIeHNs] KOHCTPYKTHUBHBIX Iapa-
METPOB HAAYJILHBIX YCTPOICTB, B [28] MpUBEACHBI CIEAYIOLINE COOOPaKEHHS:

— BCJIE/ICTBHE PAaBEHCTBA CEYEHUH KaHalla OpYKUS U CEUEHHUS] OTBEPCTUS UCTeue-
HUS pasrpaHuyeHre o0mero o0beMa ra3a KaHaia Opy>Kusl Ha 30Hy MaJOIOJBIKHOTO
raza 4 30Hy 0oOpa3oBaHHsl CTPYU IPOBECTH HEBO3MOXKHO: IO CYILECTBY BECh 00BEM
KaHaa Ipe/ICTaBIsieT co00ii 30Hy 00pa3oBaHus IOTOKA Ta3a;

— CKOPOCTH T'a3a B KaHAJIE OpY>KHsl 32 MCKIIFOUCHUEM CEUSHUH, MPUMBIKAFOIINX KO
JHy KaHalla, He SBISIIOTCS NMPEHEOPEKUTENIbHO MajbIMH W BIIOJHE COM3MEPHMBI CO
CKOPOCTBIO ra3a B {yJIbHOM OTBEPCTHUH;

— BCJIE/ICTBHE TIOCTOSIHCTBA CEUEHHUS MIOTOKA Ta3a B KaHale HET yCIOBUN IS pe3-
KOTO HapacTaHUs CKOPOCTHU ra3a BOJIM3M IyJIBHOTO OTBEPCTHS, a CIeJOBaTeNbHO, yC-
JIOBUH JUIs pe3KOT0 U3MEHEHHUS IUIOTHOCTH U JaBJIEHUs ra3a B AyJIbHOM 4acTH KaHaja,
Kak 3TO HabJrogaeTcss B 30HE 00pa30BaHMs MOTOKA MPH WCTEUSHUH Ta3a W3 cocyna
4yepe3 MaJloe OTBEPCTHE;

— HaJlM4ue TEeYeHUs ra3a BO BCeM 00beMe KaHala CTBOJA, COM3MEPUMOIO C €ro
HCTEUYEHHEM B JYJILHOM OTBEPCTHH, HE TO3BOJISIET BBOIAWTH B PACCMOTPEHHE KaKoe-
100 HavalbHOE JABJICHUE B MOTOKE, aHAIIOTUYHOE JIABJICHHIO B HETIOABW)KHOM MIN
MAJIOTIOJIBIKHON CpeJie COCYAa, Kak 3TO HaOtoaeTcs IpH NCTEYSHUH Ta3a 4epe3 Ma-
JIO€ OTBEPCTHE; IPH HAIMYNHN YCKOPEHHOTO JBMKEHNUS ra3a BJIOJIb BCErO KaHasla CTBO-
Jla TaBJieHHe ra3a OyAeT Pa3IMuHO B Pa3JIMYHBIX CEUCHUAX KaHaa;

— OOJIBILIOI AMAMETP yJBHOTO OTBEPCTUS M CPABHHUTENHHO HEOOMBIION 00bEM KaHa-
J1a CTBOJIA, a TAKKE PABEHCTBO UX CEUECHUI MpeBpaliaeT Bech 00beM KaHasla B 30HY 00pa-
30BaHMs1 IOTOKA ra3a, 00eCIeUNBAIOLIEro ObICTPOE OIIOPOXKHEHHE KaHaIIa CTBOJIA OPYKUSL.

Takum 00pa3zoM, BeIMYMHA U 3aKOHOMEPHOCTH MU3MEHEHHsI CKOPOCTH MOTOKA TI0-
POXOBOT'O ra3a B JyJIbHOM OTBEPCTUM OTHECTPETBHOIO OPYXKHS SBIIAIOTCS OCHOBHBIMH
(hakTopamu, ONPEAENAIOIINMHI 3aKOHOMEPHOCTH €70 UCTEUCHHS 13 KaHalla OPY KU

BaxHo u3yueHune M 3HaHHE 3aKOHOMEPHOCTEW MABM)KEHMS CHapsia B KaHase
CTBOJIa C YYETOM €ro B3aMOJEHCTBHS CO CTOJIOOM BO3AyXa BHepeau cHapsga. Bos-
HUKaroIas BIepey CHapsAaa yAapHas BOJHA U ONEpEXkarolyie CHapsa ropsiuue rassl
SIBJISIFOTCS. CYIIECTBEHHBIMU TIPH OMNPENENICHUH KapTHHBI JYJIBHOTO BBIXJIONA, 4YTO
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Ba)KHO MPHU MCCIIEOBAaHUH PaOOTHI PA3IMYHBIX YCTPOWCTB, YCTAHABIMBAEMBIX B JIyJIb-
HOM 4acTH CTBOJIA.

CKopocTh yAapHOH BOJHBI OTHOCUTENIBHO CHapsi/ia TOJIOKUTENbHA, CIIEI0BaTENb-
HO, 30Ha C’KaToro BO3/yXa Mepe CHApsIIOM YBEIMUMBAETCS C TEUEHHEM BPEMEHHU.

K MoMmeHTy BbIIeTa cHapsiia U3 Ayna BO3AyX OyAeT BBITOJIKHYT U3 KaHaia CTBO-
Jia, 8 TOPOXOBBIE Ta3bl, HAXOASAIINECS B 3aCHAPSIHOM MPOCTPAHCTBE, OyAyT UMETh B
pa3NNYHBIX CEYEHUSIX KaHalla pa3iIU4Hble CKOPOCTH JBM)KEHUS, HAuUMHAs OT HYJ Y
JIHa KaHaJa U KOHYas CKOPOCThIO, paBHOM CKOPOCTH CHapsAa B CJIOE, MPUIIETAIOIIEM
KO JTHY CHapsja.

[IpencraBneHus: aBTOPOB CTAaTbU O XapaKTepe TEPMOra30IMHAMUUECKHUX MpoOLeC-
COB, MPOUCXOJSIIHNX B TIIYIIUTENAX 3BYKa BBICTpETA CTPETIKOBOTO OPYKHSI, U3JIOXKE-
HBI, HarpuMmep, B paszaenax «PaboTa raymmuTens» onucaHusi H300peTeHUS K BBIIAH-
HOMY aBTOpaM MaTeHTy YKpauHbl [8] U 3asBKM aBTOPOB Ha Bblady MaTe€HTa Ha H30-
Operenue Ykpaunsl [9].

I'a3onmHaMuueckue nporeccs B MOJOCTH TIyIIMTENS 3ByKa BBICTpENa CTPENIKO-
BOT'O OPY KU MO MaTeHTy YKpauHsl [8] (puc. 1) mpoucXoasaT clienyommM 00pa3oM.

#
@

Puc. 1

[Tpu mpoxoXkIIeHNH ITyJIX TI0 CTBOJTY OPYKHSI CO CBEPX3BYKOBOW CKOPOCTBIO BIIE-
penu Heé o0pa3yeTcs CJI0i C)KaToro Bo3ayxa (OTOLICIIAs yaapHas BOJIHA), KOTOPBIH
4epe3 CTHIKOBOM y3en 1 jocturaeT nephoprupoBaHHON TPYOKH 3 TiyIIuTes. 3a myei
€O CBEPX3BYKOBOW CKOPOCTBIO JIBUXKYTCSI IIOPOXOBBIE I'a3bl, UMEIOIIUE BBICOKYIO TEM-
neparypy ¥ JaBJICHHE.

Korga mynst BXOJUT B IIIyIIMTENb, Ta3bl Yyepe3 nepdopannio B IMEHTPATLHON
TpyOKe HaYMHAIOT 3alOJHATH NEPBYIO PACIIMPUTENbHYIO KaMepy. [Ipu npoxoxie-
HUH IyJIei epBoi paciiupuTeNnbHOM KaMepsl Ha cyxennu d; — d; (em. I, 1T puc. 1)
oOpasyercsi psSMOM CKa4OK YIJIOTHEHUS, YTO PE3KO TOBBIIIAET CONPOTHUBICHUE
JIBIDKEHHIO TIOPOXOBBIX T'a30B, M HA KOTOPOM MPOUCXOJIUT MPEBPAILICHUE U pacceu-
BAaHUEC UX DHCPIUU. Bnaroz[apﬂ BBITIOJTHCHHBIM OTBEPCTUAM B HeHTpaJIbHOﬁ TPY6KC
Ha TIEpBOY MOJIOBHHE JITMHBI PAaCITUPUTEIBHBIX KaMep, obecrieunBaeTcs 6osee d¢-
Q)GKTHBHOC HX 3alI0OJTHCHUC IMTOPOXOBBIMH I'a3aMU.

IIporneccol B neHTpaibHON TpyOKe M BO BTOPOW pacHIMpHUTENHHOM Kamepe IMpu
BXOJKJICHUH ITyJId BO BTOPYIO PACLIMPUTEIIBHYIO KaMEPY U €€ NMPOXOXKICHUU IIPAKTH-
YECKU HE OTJIMYAIOTCS OT MPOLIECCOB B MEPBOM PACILIMPUTEIBHON KaMepe, 3a UCKIIIO-
YEHUEM TOT'0, YTO Ha Cyx)eHuM dy — dyx OyzieT popMupoBaThes OoJiee Cnaldblii, HeXxe-
JIM TIEPBBIH, CKaYOK YIUTOTHEHUS (YIapHas BOJIHA).

IIpoueccsl B TpeTbell pacHIMPUTENBHOM KaMepe OTIMYAOTCS OT IPOLECCOB B
MIEPBOI ¥ BTOPOH pacHIMPUTENHHBIX Kamepax Ooree HU3KMMH 3HAUCHUSIMU TeMIlepa-
Typ Y JABJICHUHA IIOPOXOBBIX Ia30B.
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]_II/I.TII/IHI[pI/I‘{eCKI/IC " HICJICBBIC OTBECPCTHSA B L[CHTpaJ'ILHOﬁ TI)Y6KC, ux 1miomanb,
(bopMa, PACIOJIOKEHHUEC, YIOJI HAKJIOHA K HpOI[OJ'ILHOﬁ ocH 00ecreunBaroT Hanbosee
Sq)(i)eKTI/IBHOG npeo6pa30BaHHe " pacCCMBAaHHMC SHEPIruu B NUKIIC 3al1OJTHCHUEC — OIIO-
POKHEHUC PACHINPUTCIIBHBIX KaMEP U, TAKUM O6p3.30M, TIOBBIIICHHUEC B(I)Q)CKTI/IBHOCTI/I
CHWKCHUA YPOBHS 3BYKa BBICTpEIIA.

TepmorazoquHaMUYeCKUe MPOIECCH B TIIYIINUTENE 3BYKa BHICTpENa CTPEIKOBOTO
opyxus [9] (puc. 2) nNpeaCTaBISIFOTCS MPOUCXOIAIIMME TAKUM 00pPa3oM.

Korna mysnst BXOAUT B IyHIUTENb, Ta3bl 3aMOJIHSIOT MEPBYIO PACHIUPUTEIHHYIO
kamepy I, u uepe3 orBepcTus 29 B nepBoil nmeperopoake 4 HAYMHAIOT 3aNOJIHATH BHYT-
PEHHUE 00BEMBI OTPE3KOB OCECUMMETPUYHBIX WIMHApUYecKuX obomouek (10 — 15),
co3/aBasi TEUEHHE rasa, MMeEroIlee CKOPOCTh, HAMPABICHHYIO MapaljIebHO MPOJI0h-
HBIM OCSIM OTPE3KOB OCECUMMETPUYHBIX IIHITHHIPUUSCKUX 000I0UEK.
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Puc. 2
B nanpHeiiemM 3TOT MOTOK 00pa3yeTcs TakKe W BO BHYTPEHHUX ITOJIOCTSIX TPYTI-

IThI OTPE3KOB OCECHMMETPHUHBIX MIIMHAPHIeCKUX obomouek (17 — 22) u (23 — 28).
OnHOBpPEMEHHO MEXy BHYTPEHHEH MMOBEPXHOCTHIO KOPITyca TITYIINTeNs 2, BHEITHEH
TTOBEPXHOCTHIO TPYIIT OTPE3KOB OCECHMMETPHUIHBIX IHITHHIPHICCKHX o0omouek (10
—15), (17 — 22), (23 — 28) u BHEIIHUM KOHTYpPOM TIeperopoiok 4, 5 u 6 popmupyercs
MIOTOK Ta3a Ha BCIO JJIMHY BHYTPEHHEW MOJIOCTH KOPITyca TIIyIIHUTENs, apauiebHbIH
€ro NpoI0JIHHON OCH.

[ToTok mpoccemupyetcs B 3TOH (UTYPHOM IIENH, ero 3Heprus pacceuBaeTcs, 3¢h-
(heKTHBHOCTP TITYIINTENS BO3PACTAET.

Korna mysst BXOIUT BO BTOPYIO PaclIMPUTEIBLHYIO KaMepy, Ta3bl BBICTPEIIa Yepes3
nieneBoe nepQoparoHHoe OTBEPCTHE 3aMONHIIOT 00hEM BHYTPEHHEr0 OTpe3Ka oce-
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CUMMETPUYHON IUIUHIPUYECKON 000JOUKH
10 u, nmBUrasch, Kak IOKa3aHO Ha pHC. 2a,
TIOCJIEIOBATENIbHO ~ 3allONHAIOT ~ BHYTPEHHUE
cBoOOaHBIE 00BEMBI BCEH TpyHIBl — Oce-
CUMMETPUYHBIX IWIMHIPUYECKUX O000JI0YEK
(10 — 15), co3naBast IOTOK ra3a, HaIllPaBJICHUE
CKOPOCTH  KOTOpOTO MEPHEHANKYISPHO
MPOJONIBHBIM 0CsIM 000JI0ueK. Bo BHyTpeHHHX
nonoctsix obonouek 10 — 15 3TOT MOTOK Ta3a 167
CTAJIKUBAaETCS C TMOTOKOM, O0Opa3oBaHHBIM
TeUeHWeM ra3a uepe3 OTBepcTusi29 B
neperoposkax. Bo3HuKaeT CTOJIKHOBEHHE ABYX
MOTOKOB, TPHBOJMAIICE K HHTCHCHBHBIM
3aBUXPEHUSIM M TIEPEMEIINBAaHHIO Ta3a U, Kak
CJIE/ICTBHE, 3HAYUTEIIBHOMY pPAaCCEHBAHUIO H
MOTEPSM SHEPTHH.

Ilpu panbHeliieM JBWXKEHUU ITyJH
BIONb  NEepPOPUPOBAHHON  IEHTPaIbHOU
TpyOku 8 B pabOTy BKIIOUAIOTCA TPETbS H
4yeTBepTas  paclIMpHUTENbHBIE  KaMephbl,
npuYeM Ta30[MHAMUYECKUE SABJICHUS H
MPOIIECCHl, MPOUCXOMASANINE B HUX, MPAKTH-
YecKM HE OTJIMYAIOTCS OT TIPOIECCOB B
TpeTbel pacIIMpUTEIbHON KaMmepe, 3a HcC-
KIIOYEeHHEeM TOro, 4YTO TeMIeparypa H
JaBJIeHHE TOPOXOBBIX Tra3oB HMEIT Ooiee 170
HU3KWE 3HAYCHUSI.

Taxkum o0pazom, OpraHu3aLus
TEepPMOTa30lMHAMUYECKUX  IPOLIECCOB B
TIIyIIUTENEe 3TOW KOHCTPYKIMH — HaJIM4ue
IpymIl OTpPE3KOB 0CECUMMETPUYHBIX
WJIMHIPUYECKUX 000JI0YeK, WX B3aHMMHOE
pacronoXeHne, BBINOJHEHHE MX IIEJEBbIX
OTBEPCTUH __OJHO MPOTHB Jpyroro, ¢opma
KOHTYpa ¥ BBIIIOJHEHWE Mepdopanuii B 180
MIEPEropoIKax TaK, YTO UX IPOAOJBHBIE OCH Puc. 3
COBIAJIAIOT C IPOJOIBHBIMU OCSIMH OTpPE3KOB
000JI04€K, BEIOOP pa3MepOB KOHCTPYKTUBHBIX SJIEMEHTOB TIIYIIUTENS U3 IOy YEHHBIX
COOTHOIIEHUH 00ecreunBaroT Hanbonee d(dexTnBHOE NMpeoOpa3oBaHWe SHEPIUU B
LIUKJIE 3aII0JIHEHNE — OTNOpPOKHEHUE PacHIMPUTENbHBIX KaMep M NPUBOAAT K 3HAYM-
TEJIbHOMY CHI)KEHHIO YPOBHSI 3ByKa BBICTpea.

HecmoTpss Ha TO, 4TO mpobieMa TEpMOra3oJAWHAMHUYECKHUX IIPOLIECCOB B
npudopax CHWKEHUS YPOBHS 3ByKa BBICTpENia PaccCMOTpEHa B psJc IMyOJauKauui,
OHA MPOAOJKAET OCTABATHCS AKTYAJBbHOM, TaKk KaKk HEPEAKH CIydau MOBPEXKIEHUS
u pazpywmenus [ICY3B, paccunTaHHBIX [0 UMEIOIIMMCS METOJMKAM Ha 3Tale Ha-
TypHOH oTpaboTku TaymuTeneil. Ha puc. 3 ¢ moMonipio KHHOCHEMKH 3aUKCHPO-
BaHO MOBPEKACHUE Pa3pab0TaHHOTO aBTOPAaMH TIIYIIUTENS 3BYKa BBICTpENa JUIS
nynemera Kanamuukosa (I1K) kaxubpa 7,62 MM Ha 3Tane HATYPHBIX UCIBITAHUH.
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Puc. 4

Ha puc. 4 B pa3HbIX pakypcax INoka-
3aHa TepBas Pa3pyLIMBIIASCS PaCIIUpPH-
TeNMbHAS Kamepa 3TOT0 TIIYLIUTENs, YTO
MIPUBEJNO K BBIXOIY €r0 U3 CTPOA.

Ha puc. 5 mnokasasnsl paccekaTenu-
npeoOpa3oBaTeld HHEPTUM MOPOXOBBIX
ra3oB IIIyIIUTENs, pa3paboTaHHOTO aBTO-
pamu, MOTepsIBILINE YCTOWYUBOCTh B IPO-
Lecce CTpeibObl INTAaTHBIMU MaTPOHAMH.
ITorepst yCTOMYMBOCTH IIPOU30LUIA U3-32
3HAUUTENFHON TuIomanu nepdopanuit
MEXIy TOMEePEYHBIMHA IePETOPOAKAMH,
00pa3yIOIUMH PACIIUPUTEIbHBIE KaMEPBI.

Ha puc. 6 mpuBenen aedopmupoBaH-
HBI TEIMKOWIAIBHEIA MPeo0pa3oBaTelh
SHEPrUH MOPOXOBBIX Ta30B B IIIYHIUTENE
W3-32 €ro HeIOCTaTOYHOM MPOYHOCTH TIPU
BBICOKOH Temrepatype (mpeoOpa3oBaTeiib
OBUT BHIMIOJIHEH U3 aJIFOMUHUEBOTO CIUIABa).

Ha puc. 7 npencraBiieH BHEUIHMM
BUJ pacceKarens TIyLIHUTeNs pa3padoTKu
aBTOPOB TMOCJie HATypHBIX HCIBITAHHM.
OTYeTIMBO BUIHO, YTO B paiioHE Ieie-
BBIX OTBEPCTUH IICHTPAJILHOW TpPyOKH
TpyOKa nedopMHupoOBaHa, Tak Kak B Mec-
TaxX BBHIMOJHEHNS IIENEBBIX OTBEPCTHH
OHa OKa3ajach HEJOCTaTOYHO MPOYHOH
IpHU CTpesibOe MTATHBIM MaTPOHOM.

N3 [29] u3BecTHO, YTO mpU Cropa-

HUU TIOPOXOBOTO 3apsaa npuMepHo 25 — 30 % BriaensieMoil 3HEpTUU 3aTpayuBa-
eTcs Ha coOoOIleHHe ITyJie MOCTYNaTeIbHOrO JIBUXKEHUs (OCHOBHas pabota); 15 —
25 % nHepruu — Ha COBEpILIEHHE BTOPOCTEIIEHHBIX paboT (Bpe3aHue u npeojgoie-

HHE  TPEeHHs  TMyldd  TpH
JIBI)KCHUU 110 KaHaly CTBOJIA;
HarpeBaHUE CTEHOK CTBOJA,
TWIB3bl W TYJH; MepeMelicHue
MOJBIKHBIX YacTell OpyKus,
ra3zoo0pa3HOH ¥ Hecropesuiei
gactu mopoxa). Oxomo 40 %
SHEPTHHM HE UCIHOJB3YyeTCS |
TEPSAETCS MOCJIC BBUICTA ITYJIH U3
kaHana ctBoja. CormacHo [28]
MOPOXOBBIE  Ta3bl  COJAEPXKAT
COQ, 02, CO, Hz, N2 n Hzo,
KpomMe TOro B pabore [3]
YKa3bIBACTCSI HA TO, YTO BMECTE

Puc. 5

C MOPOXOBBIMU Ta3aMH JABUKYTCA YaCTULBI METAJIJIOB BBLICTPEJIA (MCJ'IKaSI IbLIb,
«CTPYKKa» OT AyJbla T'MJIb3bl U C MOBEPXHOCTU ITYJIU B PEIYyJILTATC et TPEHUA O
CTBOJ'I), YaCTUYHO CropeBlIMC IMOPOXOBBLIC 3€pHA, H.IJ'IaKOO6pa3HLIC YTJICpOAUCTBIC
OPOAYKTHI CTOpaHUs IMOPOXa, JIAKOBOI'O IOKPBITHA W MAPKUPOBKU ITYJib, KaIlCJIb
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py>keiiHoro macna u ap. B 3aknrounTenbHO# (aze BrICTpea B MOPOXOBBIX razax
npeo01afaoT 3IEMEHTB CTOpPAaHUs KalCIOJIbHOTO cocTaBa (CypbMa, 0JI0BO, Oa-

puii, pTYTBh).

Kak BuamMm, BaXHOH OCOOECHHOCTEHIO
MPOIYKTOB BBICTpENa, HE YUYUTHIBAEMOU
CYIIECTBYIOIIUMHU METOJUKAMU pacyera
XapaKTEPUCTUK TIYLIUTENEH, SIBISIETCS TO,
YTO BCE OHU COJIEP:KAT METaJIbI BRICTpENIa
(>xene3o, Menb, CBUHEI, CYpbMY, OJIOBO,
IUHK U J1p.). X HMCTOYHUKOM SBJISFOTCS
CTEHKHM THJIb3bI, KaIlCloilb, OOKOBas IIO-
BEPXHOCTh H JOHBIINIKO MyJb, CTCHKU
CTBOJIA OpPYXHS, a TaKXe OIpeleJCHHbIC

copra rnopoxa.

Puc. 7

Puc. 6

IIpu aToM B mporiecce BBICTpENa MPOAYKTHI
TOpEeHUs TIOpoXa MOMHUMO OCHOBHOTO JIEUCTBUS —
COOOIICHUS CHAPSITY JBWKEHHS, TIPUBOJIST K PSILY
CONPOBOXIAIOUINX BBICTPEN (H3UKO-XUMHUUECKUX
spaeHnid [1]. K STHM NOOOYHBIM  SIBIICHHSIM,
COIIPOBOXKIAIOIINM  BBICTPEN, OTHOCATCS 3BYK
BBICTpENa, I1aMs, IbIM 1 pasrap KaHajla CTBOJIA.

[Inamst pu BeIcTpene oOpasyeTcs TIIaBHBIM
o0Opazom Omarojapsi JOTOpPaHUIO B KHCJIOPOJIE
Boznyxa roprounx razoB CO, H, u CH,,
colepkamuxcs B ra3oBoM obOmake. [lmams
MOSIBIIAETCS. Ha HEKOTOPOM pacCTOSHUM  OT
IyJIBHOTO Ccpe3a M 3apoKJaaeTrcd B IepenHei
YacTH Tra30BOro 00Jlaka, NPOJOKUTEIBHOCTh
IJIAMEHU HU3MEPSETCS TBHICAYHBIMH KM COTBIMH
JTOJISIMU CEKYH/IBL.

Ilpu ycraHoBIeHMH Ha JyJIBHOM Cpe3e
OTHECTPEIBHOTO OpyKus DTy IINATENS
MPOUCXONT TaK Ha3bIBaeMbIi (peHOMEH IepBOro
BbICTpenia. IlepBrlil BBICTpEN C MCIOJIB30BAHUEM
TIIYHIATENST MOXET ObITh 10 8 ab rpoMue, yem
nociuenytone BeICTpensl [6]. Cumraercs, 4To
NIEPBBIM I'POMKHI BBICTPEJ BBI3BAH JIOTOPAHUEM
HECTOPEBIITNX OCTaTKOB mopoxa u

BOCIUIaMEHsIEMBIX ra30B. [lepBblif BeICTpes moTpeOiseT GOIbIIYI0 YacTh KUCIOPO-
Jla B TIOJIOCTH KOPITyca TIYLIUTENs], TaK YTO MOCJIEAYIONIUE BBICTPEIBI HE SBIIAIOTCS
TaKUMH TPOMKAMH. D(HPEKT IMepBOro BBICTPENA JUTUTCS HECKOJIBKO MUHYT [6)].

bonbmoe 3nauenune qis onpenencHus xapakrepuctuk 1ICY3B nmeer yc-
TaHOBJICHHE XapaKTepa B3aUMOJCHCTBHS MOPOXOBBIX ra30B B MOJOCTH INIYIIUTEIS C
PAacrooKEHHBIMH B HEW KOHCTPYKTUBHBIMH 3j1eMeHTaMH. 110 oTHOIIeHuIo K nperpa-
JIe pasnuyaloT Takue BHUABI MOPAXKAIOIIETo JIEWCTBUS MOPOXOBBIX I'a30B: MEXaHHYe-
CKO€, XHMHUYECKOE U TepMuUecKoe [3].

Mexannyeckoe AEHCTBHE MOPOXOBBIX a30B ONPEACISIETCS UX AaBJICHUEM Ha
cpe3e CTBOJIA, paCCTOSTHUEM 110 IIPErpajsl U €€ CBOMCTBAMHU.
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3epHa MOpoxa BBUICTAIOT U3 CTBOJIA B BHUJIE YACTHYHO CTOPEBIIMX YacTull [3].

Kpome oOropanus, 3epHa mopoxa MOIBEPraloTCS MEXaHHYECKOMY pa3pyLICHUIO U
MPEBpALIAIOTCS B MEJNKHAE YacCTHUIIBI
YEpHOro LIBETA. YactuaHo 3.7% 0.9%
CTOpEBIIME  3€pHa  TOpoXa W
METAJUTMYECKHE  YacTHIBI  MMEIOT
3HAYUTEITBHYIO KUHETHYECKYIO
SHEPTHIO0 U JCHCTBYIOT KaK MENKHE  943% _ 8
aOpa3uBHbIC AJICMEHTEHI.

Ha puc. 8 npusenens! quarpam-

Mbl OTHOCHUTCJIBHOI'O COCTaBa TBCP- 81% — 0,3%
JIBIX YacCTHIl TIpU BEICTpene 5,45 Mm :
natpouomM YC u3 aBtomara AKC-
74Y ¢ npubopoM  OeCIIyMHOM
crpensObl [1IBC-4 (8a) m 6e3 Hero

W nopox
1,1%
W meTann

rpadgmT
® nak

m nopox
4.1% m meTann
rpadmr

W nak

87.5%

(36) [3] ;
W3 nOpMBENEHHBIX  JaHHBIX
BHJTHO, 4TO 0COOEHHOCTAMU Puc. 8

BBICTpENIa U3 OPYXHUS CHEIUAIbHOIO HAa3HAYEHUS, OCHAIIEHHOTO YCTPOMCTBAMHU
MIOJABJICHUS 3BYKa BBICTPEIA, SIBIISIOTCS:

— BBICOKAsl CTETICHb 3aKOIMYEHHOCTH BCEX MUKPOOOBEKTOB (YacTHIl MOPOXa, Me-
TaJIJIOB, JIAKa U KarleJlb OPY>KESHHOTO Macla);

— TIOBBIIIICHHAS KOHIICHTPAIUS B MPOAYKTaX BBICTpENa KPYMHBIX MOIYCTOPEBIIHUX
YaCTUI] IOPOXa;

— 00pa3oBaHME KOHIJIOMEPATOB CIUIABJIICHHBIX MEXKIY COOOW MOJIyCrOpEBIINX
YaCTHIL [TOPOXa;

— OTCYTCTBHE B MPOJYKTaX BHICTPEJa MUIAKOOOPA3yHONMX MUKPOYACTHUI] — IIPO-
JIyKTOB IOJIHOTO CTOpaHusl MOPOXOBOIO 3apsijia.

Takum oOpa3oM, MpH MPOCKTHPOBAHWU W OTPAOOTKE MPUOOPOB CHIKCHUS
YPOBHS 3ByKa BBICTpeia HEOOX0AMMO UMETh UHPOPMAIIMIO O TEPMOTa30AMHAMUYC-
CKHX TIPOIIECCaxX B €r0 BHYTPEHHUX KaHAIAX C YYETOM MPUBEICHHBIX CBEIACHUIM.

B obmem Buze, npunnun aeiictBus [ICY3B ocHoBaH Ha opraHuU3alu Ipo-
LIECCOB TIPe0Opa3oBaHMs M TOTEPH IHEPTUU IMOPOXOBBIX Ta30B, UYTO YMEHBIIACT
YPOBEHb 3ByKa BHICTpena. [Ipy mpoxoKaeHUU MyJU MO CTBOIY OPYXKHUS CO CBEpX-
3BYKOBO# CKOPOCTBIO BIiepenn He€é o0pasyeTcs yjaapHas BOJIHA, a 3a IyJieH JIBUTa-
€TCSl BEICOKOTEMIIEPATYPHBIM ra3 CI0KHOTO XMMHUYECKOTO COCTaBa, BKIIIOUAIOIINN
TBepabie yacTunpbl. [Ipu passutum teuenus B [ICY3B mpoucxomut pacummpeHue
IOTOKA Ta3a B PaCIIUPUTEILHBIX (B TOM YUCIC — MEepU(EPUIHBIX) KaMepax, 00pa3o-
BaHUE CKAYKOB YIUIOTHEHUS Ta3a, Pa3BUTHIX BUXPEBBIX MOTOKOB, JIPOCCEIUPOBAHUE
ITIOTOKOB Ha MEPEIMyCKHBIX OTBEPCTUSAX B quadyparMax, pa3lelistoluX KaMephl, B3au-
MOJICHCTBHE BCTPEUHBIX U B3aUMHONEPIECHIUKYIISIPHBIX TOTOKOB.

Teuenne B nonoctr [ICY3B uMeer HeycTaHOBUBLINIACS, HECTALIMOHAPHBIN Xapak-
TEp, B IMOTOKE BO3HUKAIOT yJIAPHBIC BOJIHBI, JIABJICHHAE HA (DPOHTE KOTOPHIX MOXKET Tpe-
BBIIIATh JTyJIBHOE JIABJICHUE, W BOJIHBI Pa3pEKEHHUs, JABICHUE B KOTOPBIX MOXET OBITh
HIDKE aTMOC(EPHOro. Y IapHbIE BOJHBI, MHOTOKPATHO B3aUMOJICHCTBYS C BHYTPCHHUMU
CTOpPOHAMH KaMep, TOTOKOM U MEXKIy COOOM, BBI3BIBAIOT MYJILCAIUH JIABJICHHUS B TIOJIOC-
i Drymmtens. CIIoXKHBIA XapakTep TEUYSHUS B TOJIOCTH DIIYIIHUTENs TpeOyeT ycoBep-
IICHCTBOBAHUS CYIIECTBYIOIIUX M Pa3paO0TKU HOBBIX METOJIOB €r0 pacyeTa, uTo BO3-
MO>KHO KaK IPY HAJTMYUH aJeKBATHBIX METOJIOB, CBSA3aHHBIX C TIOCTAHOBKOW U peIlIeHH-
€M 33/1a4 C UCIIONH30BAHUEM YHCICHHBIX SKCTIIEPUMEHTOB, TaK U HAJEKHBIX IKCIIEPHU-
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MEHTAIBHBIX JAHHBIX O XapakTepe TepMOra30JMHAMHUYECKUX IPOLECCOB B IOJIOCTH
TITYIINTENS.

B cBsi3u C BBI3BIBAIOIIMM PE30HAHCHBIE aKyCTHUYECKHE KOJECOaHMs HMITYJIbC-
HBIM BO3JCHCTBHEM Ha OTPaHUYMTENIbHBIE MOBEPXHOCTH YAAPHBIX BOJIH, Ba)KE€H
BOIPOC O I'€HEpaliy MUKOBBIX LIYMOBBIX H3IY4YEHHH OTIENBbHBIMH 3JIE€MEHTaMHU
I[ICY3B (kak B 4aCTOTHOM, TaK ¥ PHEPreTUYECKOM BbIpaxkeHuH). HecMotps Ha Ha-
JUYMe psAa METOAMK, HE MEHEe 3HAUMTEIbHBIMU M MaJOMCCIIEOBAaHHBIMU SIBIISI-
IOTCsI BOTIPOCHI JIOKaJIbHOTO yudacTus 3ieMeHToB [ICY3B B mpeobpasoBanuu mo-
TEHIIMAJILHOW U KWHETHUYECKOW SHEPTHH MTOPOXOBBIX Ta30B B TEIUIOBYIO.

[Tpu pa3pabotke MeToauk pacuera xapakrepucthk [ICY3B Hanbonbiiee 3Ha-
YCHHE TIOYYUIT YHCICHHBIN dKcriepuMeHT [30]. DTO 0OBSICHACTCS CIIEAYIOIIVIM:

— BO3MOXKHOCTBIO peau3alii pPeXUMOB, KOTOpbIe HeNb3sl TONy4UuTh B (DU3H-
YeCKOM IKCIIEPUMEHTE;

— 3HAYUTEIBHON SKOHOMHEN BPEMEHU U SHEPTUH;

— HU3KOH ce0eCTOMMOCTBIO 10 CPaBHEHHIO C (PU3MIECKUM IKCIIEPUMEHTOM.

IIpr >TOM BO3MOXKHBI YeThIpe YPOBHSI NpUOMIKeHWH ypaBHeHuii Habe —
Croxkca [30].

1-1i ypogens. Vicrionb3yloTcs JTUHEAPU30BAHHbIE YPaBHEHMS [BUKEHMS HJIe-
AIBHOTO (HEBSA3KOTO, HETEIUIONPOBOIHOI0) ra3a (BOJIHOBOE YPaBHEHHE).

2-1i yposenv. HenuHeliHple ypaBHEHUs IABMXKEHUS HJEATbHOIO rasza (ypaBHe-
HUe Diliepa) — pacueT TpaHc-, CBEPX- U THIEP3BYKOBBIX TEUEHUH, UCIIOIb30BaHUE
METOJI0B KOHEUHBIX Pa3HOCTEH, penakcauuu ['ogyHoBa, cXeM pa3HOCTHOMN anmpok-
cumanun tuna Jlakca — Benapodda, u T.1.

3-1i ypogens. YpaHenus HaBre — CTOKCa, yIpOILIEHHBIE WX OCPEIHEHHBIE 110
Metoay PeiiHonbaca. PaccmarpuBatoTcsi JaMuHapHBIE U TYpOYJICHTHBIE TEUEHHS C
MOMOIIBIO TTOTYSMIHUPHUECKIX MOAEIeH TypOyJICHTHOCTH.

4-1i yposens. Pemienne nonHeix ypaBHeHui HaBbe — CTOKCa, ¢ TOMOIIBIO KO-
TOPBIX PACCUMTHIBACTCS IBMKCHHE KPYMHOMACIUTAOHBIX BHXpEH, a BIUSHHUE MeJl-
KOMAaCIITAaOHBIX BHXpEH YYWTHIBACTCS C TOMOLIBIO MOJTYIMIUPHUYECKUX MOJeNeit
TypOyJIEHTHOCTH.

IIpuuem, xak mokazaHo B [17], co3maHue yHUBEpCAIbHBIX METOJOB M alro-
PUTMOB CTPYWHBIX TEUEHHH, OCHOBAHHBIX HAa YHCIEHHOM PELIEHUM IOJIHOM CHCTe-
MBI ypaBHeHuit HaBbe — CToKca, He Beerja menecoodpasHo. OTo CBSI3aHO HE CTOJb-
KO ¢ Mpo0JieMaMy YUCIICHHOTO PELICHUs] CAMHUX YpaBHEHHH, CKOJIBKO CO MHOTUMH
HEONPEAETICHHOCTIMH B MOJIENIAX TypOYJIEHTHOCTH, KHHETHUYECKHX IapaMeTpax
ropeHus, Mex{asHoM B3aUMOJIEHCTBUHM B MHOTO(a3HBIX TeUeHUsIX u Ap. [loaTomy,
npu onpeneneHnn xapakrepuctuk [ICY3B nmeercss Heo6XoAMMOCTE (HOPMYITHPOB-
KA YNPOIIEHHBIX MaTeMaTHYECKHX MOAeJed M pa3pabOTKU alrOPUTMOB, MaKCH-
MaJIbHO YUYHUTHIBAIOUIMX OCOOCHHOCTH PacCMaTpUBAaEMbIX TeUeHUH. bombimoii kpyr
3a7]a4 MOXKET OBITh PACCMOTPEH B MPHOIMKEHUH HEBSIZKOTO Ta3a.

IIpu sxcniepyMeHTaNbHBIX UCCleA0BaHUAX TeueHui B nojoctax [ICY3B moryT
OBITh HCITOJIL30BAHBI CJICAYIONIUE ONTHYSCKUE MeTO b [31].

Memoowt eusyanuzayuu nomokoe (Jla3epHOM TUIOCKOCTH, JIA3€PHON MHITYITH-
POBAaHHOW JIFOMHUHECIICHIINH, Ta30BOTO pa3psiaa, CKOPOCTHOW BUACOCHEMKH) — Ka-
YEeCTBEHHBIE M KOJIMYECTBEHHBIE METO/bI, MO3BOJISAIOUINE IOJIYYUTh 3PUTEIHHOE
MIpEJICTaBIIEHUE O MpOLeccax, MPOUCXOAAIINX B BEBIOPAHHOM CEYEHUHU WM BO BCEM
0o0BeMe TTOTOKA.

Memoouvr onpedenenus KOHUEHMPAYUU U PAIMEPOE YACMUY, B Ta3aX, KHUJI-
KOCTSIX U IIJIa3M€, OCHOBAaHHBIE HAa 3aKOHOMEPHOCTSAX PAaCCEsSHHs ONTHYECKOrO U Jia-
3€pPHOTO M3ITy4CHUs] Ha YaCTHLAX.
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Ilpumenenue nazepuvix mMemoooe OUAZHOCHMUKU HOMOK06 (JTAMUHAPHBIX H
TypOYJCHTHBIX, OAHO(A3HBIX U MHOTO(a3HbIX, CTAIMOHAPHBIX U HECTAI[MOHAp-
HBIX, MEJIKOMACINTA0OHBIX M KPYITHOMACIITAOHbIX, BAXPEBBIX U JP.).

Humepgpepenyuonnvie u pegpaxuyuonnvie memoovt (romorpaduyeckue H
CHEeKTp-UHTEep(EPEHIINOHHbIE, TeHEBbIE, TEHEBOW M (DOHOBBIN CO CTPYKTYypHUPOBaH-
HBIMH 3KpaHaMH, Ja3epHou pedpakTorpaduu) — COBOKYITHOCTh ONTHICCKUAX H Ja-
3€pHBIX MHTETPATBHBIX METOJIOB OTIPEAETIeHHS] HEOJHOPOTHOCTH IO TEMIIepaTy-
PBL, CKOPOCTH, KOHIIEHTPAIINH, TABICHUS U IPYTHX apaMeTPOB IIOTOKOB.

Jazepnas anemomempusa (nornepoBckas, (a3oBo-I0MIIEPOBCKasi, TPEKOBas,
BpEMSAIIPOINIETHASL, AHEMOMETPHUS MO H300paKEHHUSIM YaCTHI[) — COBOKYITHOCTH
Ja3epHBIX METOJIOB M3MEPEHHS CKOPOCTH (BEKTOpa JIOKAJhHOW CKOPOCTH, BEK-
TOPHOTO TOJS CKOPOCTEH B 3aJaHHOM CEUEHWH) Pa3IMYHBIX MMOTOKOB, OCHOBaH-
HBIX Ha U3MEPECHHUH XaPaKTEPHUCTHK JIA3€PHOT0 H3ITYUEHUS, PACCESTHHOTO MallbIMU
YaCTHIIAMH ).

Komnsromepnsie memoosl Modeauposanus u o0padomKu cCuzHanIo08 u u3o-
Opasicenuil B Ta3ePHBIX H3MEPUTEIILHBIX CUCTEMaX — COBPEMEHHBIC IU(POBEIC Me-
TOJIbI 00PaOOTKU BPEMEHHBIX CHTHAJIOB M ONTHYECKUX H300paKCHHI, YUUTHIBAIO-
e X OCOOCHHOCTHM W WCHOJIB3YIOIINE KaK TPAJUIUOHHBIC aJrOPUTMBI, TaK U
HOBBIC, OCHOBAaHHBIC Ha OBICTpOM IMpeoOpazoBanun Dypwe, npeoOpazoBaHUU
I'unbOepra, BeilnbBeT aHaIH3eE.

Memoowvt mepmo- u 6apoKpacok, OCHOBaHHbIC HA M3MEHEHWH IIBETa BBOJIU-
MBIX B IMOTOK CIHEIMAIbHBIX KPACOK, BbI3BIBAEMOT0 BO3IACHCTBUEM TEMIICPATYPhI U
JIABJICHUS. METOIbI UCTIOJIb3YIOTCS B a3POIUHAMHYECKUX UCCIICIOBAHUSX.

Jlazepnovle memoovt OuazHOCMUKU MUKPO- U HAHONOMOK08 — (MUKpO-PIV,
MHKPO-TDOM, mukpo-JIJIA) uccnenoBanus TEUSHUN ¢ MPOCTPAHCTBEHHBIM pa3pe-
[IeHUEeM B IMarla30He MUKPOMETPOB U HAHOMETPOB.

Takum 00pa3oM, HCIONB3yeMbIe MPEICTABICHUS O TEPMOTa30JMHAMUYCCKUX
mporieccax B [ICY3B npu pa3paboTKe METOAMK ONPEACIICHNUS HX XapaKTEPUCTHK HE
YUUTBIBAIOT PSII CYIIECTBEHHBIX OCOOCHHOCTEH 3TUX MPOIIECCOB.

HeoOxomumo nanbHeifinee yTouHEHHE U pa3BUTHE METOJIOB ONpECTICHUS Xa-
paxrepuctuk [ICY3B myrem paccMoTpeHHS OCOOCHHOCTEW TepMOTa30AMHAMUYE-
CKHUX TIPOIIECCOB B UX MOJOCTSIX KaK MPOSBICHUS TaKUX GUIUUECKUX SIBICHHNA:

1. OxonooynvHbie cmpyiinble meyeHusa npu gvicmpesie (0)1bHblll bIXI0N).

2. Ceepx36yKo6bie uMnYIbCHbLE CIMPYIIHbIE MEYeHUs.

3. Teuenue u mopmodicenue GbICOKOMEMNEPAMYPHOZO U CEEPX3ICYKOBOZO
ROMOKA 6 YUAUHOPUUECKUX KAHAIAX, CHADICEHHBIX 3A2POMONCOAIOUUMU
nonepeunoe ceueHue npenAmMCmMeUsAMU.

4. Pacnpocmpanenue 0emoHAUUOHHBIX 60JIH 6 2A30636€CAX NO NPAMOIU-
HelIHbIM KAHA1aM, NPEmepnesaruium 6He3anHoe pacuupenue, 02paHi-
YeHHOe DOKOGbIMU CIEHKAMU NPU HAIUYUU NPENAMCMEUI.

5. IKkcnepumenmanvnoe onpedenenue Mmepmozazo0UHAMULECKUX XAPAKmMe-
pucmuKk nopoxoevix 2a3z06 ¢ nonocmsax IICY3B paznuunvix xoncmpyx-
UUIL HA MOOENAX U HAMYPHBIX 00pA3YaXx.
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