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BU3YAJIN3AIIMSA OITUYECKOI'O PA3PSIJIA B BBICOKOCKOPOCTHOM CTPVYE.

AHHOTAIUA

[lpoBeneHo  SKCHEPHUMEHTAJIBHOE  HCCIENOBAHUE  BO3ACHCTBUSA  CPOKYCHPOBAHHOTO
UMITyJIbCHO-TIeproandeckoro usnydenuss CO2 - ynazepa Ha MHULIMUPOBAHHE U Pa3BUTHE Ipoliecca
PacCIpoOCTpaHCHHUA TOpPCHUA B O0- M CBCPX3BYKOBOM IIOTOKE TOMOTE€HHOH TOHJII/IBO-BOSI[YHIHOﬁ
cmecu (CH4+air). M3nyuyenune CO2-na3epa pacnpoCTpaHsIOCh MONEpeK NOToKa U (POKYCHpPOBAIIOCh
JUH30M Ha OCH CBEPX3BYKOBOW CTpyH. /[[ns perumcrpanuu CTPYKTYpbl TEUYEHMS NPHUMEHSIACH
TEHeBas CXeMa CO MLIEJbI0 M IUIOCKUM HOXKOM, PAacHOJO0XKEHHBIM BIOJIb NoToKa. M300paxeHue
¢dukcHupoBasachk CKOPOCTHOM KaMepol co BpeMeHeM 3kcno3uuuu 1,5 Mke u yactoroit kajgpos 1000
1/c. TlokazaHO, YTO MpH TONEPEYHOM BBOJAE JIA3EPHOTO HU3IY4YEHHs B MOTOK oOpa3yercs
HepHoANYecKasl CTpyKTypa TEIUIOBOTO ciesa, ¢ JOPMUPOBAHNEM T'OJIOBHOTO CKadKa yIJIOTHEHUS OT
30HBI SHEProBbIIENeHHs. [Ipy MalbIX YacTOTax CIEJOBAaHHS HMMITYJIbCOB Ja3€pHOTO H3ITy4CHHS
B3aI/IMOI(€I\/JICTBI/Ie TCIIJIOBOI0 IIdfTHAa C IIOTOKOM  IPOUCXOAWUT B HMIIYJIBCHOM PCKUME.
OKCIepUMEHTAIBHO TOKa3aH MPOIecC HECTAL[MOHAPHOTO BOCIIJIAMEHEHUS! ONTHUYECKHM DPa3psoM
METaHO-BO3YIITHON CMECH TPU JT03BYKOBOM HCTCUCHHH B HEMOJBIKHYIO atMochepy. PesynbraTs
ONTHYECKON BU3yalIM3allil CBUICTEILCTBYIOT O TOPEHHUS B CleA€ 3a OO0JIACTBIO ONTHYECKOTO
paspsa.

OIITUYECKUU  PA3PAJl, VJIAPHASI BOJIHA, T'OMOI'EHHOE T'OPEHHUE,
CBEPX3BYKOBA HEPACUYETHAS CTPY S, TEHEBAS PEITMCTPALINA

BBEJIEHHUE

Korna naszepnsiii nyd Qokycupyercs B MaJeHbKOM OOBbeMe rasa, ra3oBble MOJIEKYJBI B
¢okanmpHOM O00BEME TOIVIOIAIOT JSHEPrHI0 W HOHM3HWpYIOTCA. HecTanmmoHapHas KapTHHA
(dopMHpOoBaHus IJIa3Mbl ONTUYECKOIO paspsja nokasaHa B paborax [1, 2]. CymecTtByer mopor
MHTEHCUBHOCTH JIQ3€PHOTO H3IIyYEHHs], MOCIE KOTOPOTO MBI MOXXEM B TOYKe (DOKYCHPOBKHU
HaOJr0/1aTh B ra3e MOsBICHHE HECTALMOHAPHOM Ma3Mbl. BenndnHa nopora 3aBUCUT OT (JOKYCHOTO
PacCTOSIHUA, PACXOXKIEHUS JIA3€pHOIO Jydya M JABJICHUS Ta3a. JTO SIBJICHHE OOBIYHO HA3bIBAIOT
ONTUYECKUM pa3psaoM. MccrnenoBanus 1a3epHON UCKPBI IPOBOJATCA HaunHasA ¢ 1963 roga, oxgHako
B IIOCJICZIHUE T'OJIbl, B CBSA3H C IOSIBUBIIMMUCS HOBBIMU IPUKJIAIHBIMU 3aJa4aMU, HHTEPEC K JaHHOU
Teme Bo3pacTaeT. K TakuM 3aauam, mpex e BCEro, OTHOCSATCS Ja3epHas UCKpOBasi CIIEKTPOCKOIHUS
(LIBS) [2], nokanbHOE ynpaBieHHE CBEPX3BYKOBBIM ITOTOKOM [3], yMEHbIIIEHUE CONPOTUBIICHUS B
CBEPX3BYKOBBIX M THIEP3BYKOBBIX MOTOKaX [4 — 7], BOCIIIaMeHEHUE, CTA0UIU3aIHsI U TIOBBIIICHUS
3¢ (EKTUBHOCTH TPOLIECCOB TOPEHUS TOIUIMBO-BO3JIYIIHBIX CMECe M TBEpAbIX TOIUB [2],
autorpadus. JlazepHas HCKpa HCIONIb30BAJIaCh U KaK UCTOYHUK PEHTIC€HOBCKOIO M3IYUYEHHS U Kak
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UCTOYHUK YJIbTPA(HOIETOBOBOM paguiallid B pa3pekeHHBIX Tazax. OHa Takke CIOCOOHa K
BOCIIJIAMEHUTh TOIUIMBO-BO3JYIIHBIE CMECH WM Ja)kKe€ MOTacUTh pPacHpOCTpaHEHHUe IulaMeHH. B
CBA3M C BO3MOXXHBIMU TPUIOKEHUSIMH HeoO0XonuMo Ooisiee TiyOOKOE€ IOHMMaHHE pa3BUTHE
yZapHOIl BOJIHBI, BBI3BAaHHOH omTHYecKUM pa3psnoM. K cokaneHuro, U3-3a CI0XXHOCTHU SIBJICHUS,
MEXaHH3M BBI3BAaHHOI'O JIA3€POM IUIa3MEHHOI'O Pa3BUTHS YJApPHOM BOJHBI H3YUYEH HEJJOCTATOUHO.

OTMeTUM TaKKe, YTO Ja3epHOE M3Iy4YCHHE M BBI3BAHHOE UM O00BEMHOE HHEProBBIICICHHE B
3a/laHHOM 00JIacCTU CBEPX3BYKOBOI'O MM JIO3BYKOBOI'O IOTOKA, MO3BOJIAET U3MEHSITH B HY)KHYIO
CTOPOHY CTPYKTYpY TE€YEHHUS M HMHTEHCUBHOCTh YJapHBIX BoJH. Kak mpaBuio, B MPaKTHUYECKHX
NPUIOKEHUAX HCIONB3YeTCs OCTPOC(HOKYCHPOBAHHOE JIa3€pPHOE H3IIyueHHE, W XapaKTePHUCTUKU
BO3HMKAIOIIEH OT 3TOro IUIa3Mbl SBISIOTCS OAHUM U3 (DAKTOPOB, OIPECNSIOUMM PEXUM
B3aUMOJICVCTBUSA JIA3€PHOM IIIa3Mbl U OKPYIKAIOIIEH IBUKYLEHCS BHEIHEN CPEBIL.

Jliis Toro yTOOB! MOHATH NPOLIECC BBI3BAHHBIN ONTHYECKUM pa3psiioM, TpeOyeTcs IOHUMaHUs
HAYaJIbHBIX CTAIUM pPA3IMYHBIX IPOLIECCOB, BOBJIEUYEHHBIX BO BpeMs B3aUMOJAECUCTBUS Ja3€pPHOIO
U3IyYEHUs] C BEIECTBOM, IJIa3MEHHOr0 (OPMHUPOBAHUS, M €ro MOCIEAYIOIIEro pPaCIIUPEHHS.
HauvanbHas craaus QopMupoBaHUs IJIa3Mbl Ja3€pHBIM H3IYyYEHHEM MOJ00HA 3JIEKTPUUYECKOMY
UCKpoBOMY pazpsay. Ho ectb Heckonbko BaxHbIX paznuuuidl. Hanmpumep, nasepHas uckpa oObIYHO
3aHMMAaeT MEHBIIUN 00bEM, OHa HecTalMOHapHA MO CBOEH MPHUpPOJIE U MMEET MEHSIOIIYIOCS BO
BPEMEHH INPOCTPAHCTBEHHYIO TreoMeTpuio. Kpome Toro, ontuyeckuil paspsii HOJBEPKEH
BO3/JCICTBUIO PA3JIMYHBIX IIApaMETPOB, TaKUX KaK H3MEHEHHE CTPYKTYpbl JIa3€pHOM MOJBI,
onrtuyeckas abeppauus npu GOKyCHpPOBAHUHU Ja3€PHOTO JIyda U T.J.

JliirenbHOE KBAa3UCTALIMOHAPHOE BO3JEHCTBUE HAa CTPYKTYPY CBEPX3BYKOBOI'O TEUEHUS
MOXXET OBITh OCyIIeCcTBIIeHO Tmpu wucnoias3oBanun CO2-nazepa. Ero mpeumymiectBa B
9KCHEPUMEHTAIBHOM MOJICIMPOBAHUU CBSI3aHBI C BO3MOXHOCTBIO (DOPMHUPOBAHMS HMITYJIbCHO-
NEPUOANUYECKOIO peXuMa TeHEpaldyd C BBICOKOM YacTOTOM CielOBaHUS MMITYJIbCOB B TEUYEHHE
JUINTENIHOTO, TPAaKTUYECKH HeorpaHMYeHHoro BpemeHu [4, 5]. Takas 3amada Obula pelieHa B
coBmectHol padore UTTIM CO PAH u UJI® CO PAH [4, 5] nyTrem HCIONb30BaHMS UMITYJIBCHO-
nepuoanueckoro usnydeHus CO2 nazepa co cpenHell MouiHocTero 1-2,5 kBT u wacroroi
cinenoBanuss umnyiascoB f = 12-100 kI'm. JlazepHoe wu3nydeHue QOKyCHpPOBAJIOCh Ha OCHU
CBEPX3BYKOBOI'O IIOTOKAa aproHa B pacueTHOM M = 2 peXume HUCTEYeHHs INpU CTaTHYECKOM
nasinenun 0,6 atm. BcenenctBue BbICOKOM MHTEHCHBHOCTH HMMITYJIBCOB M3JIyYEHHS IMPOUCXOIUI
OoNnTUYecKUil mpoOoi cpeasl, U B MOTOKEe (popMUpoBanach MyJibCHpYIOLIas IUIa3Ma € 4YacTOTOU
CJIEIOBaHMS JIa3€pHBIX HMITYJIbCOB. JIJIMTENBHOCTH Jla3epHbIX UMITYJbcoB (T = 1,1 Mkc) Obuia
3HAYUTEIbHO MEHbILIE HHTEpPBaIa BpeMeHHU ¢ Mexay HUMH (0T 10 MKc u Oosee), MO3TOMY B IMOTOKE
NEPUOANYECKU ITPOUCXOUIIO IPAKTUUECKH «MTHOBEHHOE» 00pa30BaHUE IJIa3Mbl IPOTSKEHHOCTHIO
L, KoTOpast K MOMEHTY CJIEIYIOIIEro UMITyJIbca CMellagach BHU3 110 TEUEHUIO HAa PACCTOSHUE Ul WU
u/f. YcioBue ClIMSHUS IUIA3MEHHBIX 00JacTeill 3a BpeMs f MpH MX claboM OCEBOM PACHIMPEHHU
MOYKHO BBIPa3uUTh NPUOJMKEHHBIM paBeHCTBOM u/f = L. IIpu M3BECTHBIX mapameTpax u U L 3Tum
COOTHOIIIEHHEM OIPEIeNIAeTCSl MoporoBas dYactora f = u/L mepexoia OT HECTAIlMOHAPHOTO K
KBa3MCTAl[MOHAPHOMY XapaKTepy H3MEHEHHs MapaMeTpoB B TEIUIOBOM CleA€ 3a IUIa3MEHHBIM
HPHEPrOUCTOYHUKOM. BakHO OTMETHTb, UYTO 3TOT pe3yJabTaT HE 3aBUCUT OT MEXAaHU3MOB
(GopMHpOBaHUS ONTUYECKOTO pa3psAa, MOCKOJIbKY BBINOJIHAETCS YCIOBUE KOPOTKON JUINTEIbHOCTH
UMITyJIbCca U3IMy4YeHHs T/t << | mpu 3HAUYMTENHFHOW MPOTSHKEHHOCTH IUIa3Mbl. [lomydeHHBIH BBIBOX
HOATBEPXKIACTCS pe3ybTaTaMH 3SKCIepuMeHTOB [4--6]. Takum oOpa3om, xapakTep BIMSIHUSA
HPHEPrOMCTOYHMKA Ha CBEPX3BYKOBOE TEUEHHUE 3aBUCUT OT 4acTOThl. OH MOXET MEHATbCA OT
HECTAllMOHAPHOI0, IpPHM HU3KOM YacToTe, [0 KBa3UCTALIMOHAPHOTO IIPU BBICOKOW dYacToTe
MMITYJIbCOB.

CylecTByIOT J1Ba MEXaHM3Ma, OTBETCTBCHHbIE 3a WHUIMMPOBAHUE JIa3ep-UHIYyLMPOBAHHOU
IUIa3Mbl: MHOTO(OTOHHAsI MOHM3ALMSA W TyHHENbHBIH 3¢ dekr. Oba mporecca caMOIOCTaTOUHBI,
9TO 03HAYaeT, YTO OHU HE TPeOyIOT MPUCYTCTBUS CBOOOIHBIX JIEKTPOHOB. DTO HUMeEET ocoboe
3HAYCHHWE, YYUTHIBAS TO OOCTOSTEIBCTBO, YTO BEPOSTHOCTh CYIIECTBOBAHHMS CBOOOHBIX
JJIEKTPOHOB, MIPOU3BEIECHHBIX €CTECTBEHHBIM (POHOBBIM M3JIyYeHHEM B (hOKaIbHOM 00BEME, OUECHb
mana. [loaTomy MHOro)oTOHHast MOHM3alMs W TYHHEJIBHBIH A(PQPEKT UrparoT BaXXHYI pPOJIb B
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MOSIBIICHUH TIEPBBIX CBOOOIHBIX 3JIEKTPOHOB. [locie aToro 6omee a3 peKTHBHBIE MEXaHU3MBI, TAKHE
Kak 00paTHOE TOPMO3HOE U3IIyYeHHE CTAHOBSTCS MTPEe00IalaloIMU.

B OonpmnHCTBE CllydaeB HEBO3MOXKHO IPOUM3BECTH CBOOOJHBIE 3JIEKTPOHBI MPSAMOM

¢doronoHuzanuen, NOTOMY 4YTO 3HEprus (POTOHA JA3ePHOrO M3JIy4YEHUs OOBIYHO MEHBIIE YeM
PHEprusi HMOoHW3almu. BcenenactBue 3Ttoro (GopMupoBaHHE NEPBBIX CBOOOIHBIX JIIEKTPOHOB B
(GoKycHOM 00beMe JOKHO BKJIIOYATh MOIVIOIIEHHE MHOXECTBEHHBIX (DOTOHOB, MOATOMY 3TO
SIBJICHME Ha3bIBaeTCs - MHOro()OTOHHAs HOHHM3anMsA. [lepBoHAYanbHO BO3HHKIIWE AIIEKTPOHBI
(bopMHpyIOTCS BCIEACTBHE MHOTO(OTOHHON MOHHU3AIMM, KOrja ()OTOHBI MAJAroIero M3Iy4eHUs
BO3/ICIICTBYIOT Ha aToM. Bo Bpemsi 3TOro mporecca 3JE€KTpOHHas IJIOTHOCTb YBEIMYMBAETCS
AuHeNHHO oT BpeMeHu. CdopMHpOBABIIMECS 3JNEKTPOHBI MOIIOIMIAIOT JIA3epHYI0 HSHEPIHUI0
BCJIEJICTBHE OOPATHOTO TOPMO3HOTO W3JIY4YEHHUs, TJE€ CBOOOIHBIN SJEKTPOH B TPHUCYTCTBHU
TPEThEro Teljla IMOIJIOIIAeT PHEPIUI0 M MEepexoauT B BO30yxkAeHHoe cocTosiHHe. [locie MHormx
TaKUX B3aUMOJICHCTBUI 9JIEKTPOH IOJlydaeT [JOCTAaTOYHYIO SHEPIrUI0 s BEPOSTHOTO
B3aUMOJICHCTBUA ¢ HelTpasbHbIMM aToMamu. [losmyueHHas mjasma OTpa)kaeT 4acTb HSHEPIUU
NAJAIOIIEr0 JIA3EPHOTO M3JIyYEHHs. JTa SHEPrus IMOIVIOIIAETCS COCEAHUMM MOJIEKYyJIaMH BJIOJIb
Ja3epHOM OCH B  HANpPABICHUU JIa3€pHOIO HMCTOYHUKA. OTH  MOJIEKYJbl  CTAHOBATCS
VMOHMU3UPOBAaHHBIMU M HAUMHAIOT OTPaXKaTh JA3€PHYIO pajgualyio. JTOT MpOIecC MPOoAOoDKAeTCs,
II0Ka I1a3Ma He pUHUMaeT Gopmy aitunca. CTOJIKHOBEHNE 3HEPTUYHBIX 3JIEKTPOHOB C TAXKEJIbIMU
YacTHLIAMU TIPUBOJAAT K HarpeBaHuio raza. Kpome Toro, 3ineKTpoHHas IJIOTHOCTb YMEHBLIAETCS
BCJIEJICTBHE PEKOMOMHAIIMH JIEKTPOHOB C HOHAMM.
O dexThl nepecTpoiki TeYeHUi ¢ yJapHBIMU BOJHAMHU TPU WX B3aMMOJCHCTBHM C Pa3IMYHOTO
TUIA JIOKAJIbHBIMU BO3MYUICHUSIMHU IIOTOKA M3BECTHBI JIOCTATOYHO AaBHO. [Ipeamosaraercs, yTto
MU3MEHEHUE B ra30lMHAMUYECKON CTPYKTYpE, BBI3BAHHOE SHEPIreTUYECKUM BO3JIEHCTBUEM, MOXKET
IPUBECTH K IOSBJICHUIO JONOJHUTENBHBIX (P(PEKTOB, KOTOPblE MOTYT OBITh HCIIOJIB30BaHbI JIs
YIPaBJIEHUS TEUEHUEM.

Ilenp mnpearaeMoro HcCIEIOBaHMS: IOJNy4YeHHE HHQOpPMALUMU O Tra30JMHAMHYECKOH
CTPYKTYpEe B3aUMOJCHCTBHS YIapHBIX BOJH C 30HOM JIOKAJbHOTO SHEPrOBBIACICHHUS,
c(OpPMUPOBAHHOTO ONTHYECKUM Pa3psAI0M; HM3YUEHHE BO3MOXKHBIX PEKHMMOB B3aUMOJEWUCTBUS B
3aBHUCUMOCTM OT CKOpPOCTH Ha0eraromero mnoroka. B 3Toif paboTe BIusSHHE Ja3epHOTO
PHEPTOMCTOYHUKA HAa CBEPX3BYKOBOW MOTOK OBLIO HMCCIEAOBAHO METOAAMHU a’po(U3MYECKOTro
skcnepuMmenTta. lllnupeH MeTon ¢ WUMIYJIbCHBIM M CTallMOHAPHBIM HCTOYHUKOM CBETa ObUI
UCTIONIB30BaH ISl TOTO YTOOBI OMPEACTUTh HECTAMOHAPHYIO M KBA3HUCTAIIMOHAPHYIO CTPYKTYPY
TEUEHUsL.

CXEMA OKCIHEPUMEHTA

Jns oOpa3oBaHus Jla3epHON TIJIa3Mbl ONTHUYECKOTO MyJhbcupytomero paspsaa (OIIP)
npuMensicst anekrpopaspsanbiii COs-nazep JIOK-3CI'Y [8], xoTopslii B ombiTax oOecredyuBal
UMIYJECHO-TIEPUOJUYECKUI PEXUM H3ITYUYSHHs] C YacTOTOM cCieoBaHUs UMMyYJbcoB a0 60 kI u
CpeaHel MOIIHOCTRIO 110 2,5 kBT. Dnekrpopazpsansiii CO, pacrnoiarai BO3MOKHOCTBIO T€HEpalUU
KaK B HEMPEPHIBHOM TaK M B UMITYJIbCHO — MEPUOJUYECKOM PEKUME C 4aCTOTOU 10%-10° 1/cex. u
JUIITETBHOCTSIME UMITYITbcoB 3x107-107 cex, JIasep MMeeT BO3BMOXHOCTB TIEPECTPOMKH 110 CIIEKTPY
reHepanuu, 00agaeT BEHICOKMMH MapaMeTpaMu M0 Ka4eCTBY H3IYUYEHHs], YTO MO3BOJISET MOIyYaTh
BBICOKHE IJIOTHOCTH MOIIIHOCTH Ha BBHIOPAHHBIX JIMHUAX T'C€HEpAalHU. DTO BAXHO NMPH MPOBEICHUN
9KCIIEPUMEHTOB 10 YIIPaBJICHUIO mporieccamu ropeHus. Mamydyenne CO,-na3zepa pacpoCcTpaHsIoCh
MIOTIePEK TIOTOKA M (POKYCHPOBAIOCH TUH30M (f=63MM) Ha OCH CBEpX3BYKOBOH CTPYyH HA 3aJJaHHOM
paccTosiHUU OT cpe3a coria. Marepualn JAuH3bI ZnSe, MoKa3aTelb MPeToMIICHUS Ha JJIUHE BOJHBI
10,6 mxm, n=2,403. PaccTosiHie OT cpe3a coruia B X0J€ IKCIEPUMEHTOB BapbUPOBAIOCH. TOIUIMBO-
BO3JyIIIHAs CMECh MoOjaBaiack B (opkamMepy MpOXOoAs 4Yepe3 CHCTEMY H3MEpEHHUs pacxoia.
dopkamepa wuMena BHYTpeHHHH juamerp 80MM u qmHy 95 mm. s ¢opmupoBaHus
CBEPX3BYKOBOI'O IMOTOKA raza ObLJIO HCIIOJIB30BAHO KOHMYECKOE COILIO C JTUAMETPOM Ha BBIXOJIE
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20 mm. MakcumanesHoe naBienue B popkamepe 8 atm, Temmeparypa 290 K. 3nauenne yncna Maxa
Ha BbIXOJe U3 coruia paBHsIoch M = 2.0. [Ipu MOIIHOCTH UMITYJIbCHO-IIEPUOAMYECKOTO U3TyUEHUS
Ja3epa MPEBBINIAIONIEH MOPOroBoe 3HaUEHHE B 001acTH (POKyca B TIOTOKE 3a)KUTAJICS ONMTUYCCKUN
nynscupytomuit paspsa (OIP). M3o06paxenue ¢pukcupoBagach CKOPOCTHON KaMepoil CO BpeMeHeM
skcno3unmu 1,5 Mxc u gactoroi kaapos 1000 1/c. SIpkoe cobcTBeHHOE CBEYEHHE BO3HUKAIOMICH
IUIa3Mbl U BBICOKAsl 4acTOTa CJICOBAHMS UMITYJIbCOB HAKJIAJBIBAIOT ONpEAeTIeHHbIE TPeOOBaHUS K
cUcTeMe BU3yalnu3aluu TedeHus. J[ns ymoOcTBa TpPaHCTOPTUPOBKM W3IYUYCHHS MPUMEHSIICS
cBetoBo. [Ipu BU3yanu3anuu CTPyKTypbl TeUeHHs Obljia UCIIOJIb30BaHA TEHEBAsk CXeMa CO IIEeJbI0
U TUIOCKUM HOXKOM, PacIiOJIOKEHHBIM BJIOJb MOTOKAa. B OCTalbHOM cXeMa perucTpanuy TUIUYHA
IpU pealn3alii OUIMPEH-METO/a BHU3yanu3aluuu TedeHus. Dororpadusi U CKOPOCTHas CheMKa
JIAfOT TPOCTPAHCTBEHHYIO JHATHOCTHKY SIBIICHUS, O0OecrieunBas [ByMEpPHbIE MTHOBEHHbIE CHUMKHU
TPEXMEPHOI0 MpoIlecca ONTHUYECKOro paspsiia. ITa CIOCOOHOCTh CTAHOBHUTCS CYLIECTBEHHOMW IS
TUAPOIMHAMUYECKOTO MOHMMAaHHUE PACTIPOCTPAHEHHSI ONTHUECKOTO paspsanaa u ero pacceuBanus. C
MOSIBICHMEM  HOBBIX  CKOpOoCTHBIX Kamep CCDs, mosBMiIack BO3MOXKHOCTh — TOJTYYHTH
HAaHOCEKYHJIHOE pa3pellieHHe, a TaKKe BBICOKOE NMPOCTPAHCTBEHHOE PA3pEIICHUE U BBICOKYIO
qyBCTBUTEIHHOCTb.

B npenBaputensHo mepeMeniaHHOM CBEPX3BYKOBOM IMOTOKE TOTUIMBA M OKUCIHUTENSI TOPEHUE
MOJJICPIKUBAETCST 32 c4yeT oOpa3oBaHWS B IUIa3ME OINTHYECKOTO paspsiia MMEIOMIEH BBICOKHE
KOHIIeHTpanuu akTuBHbIX paaukanoB (O, H, OH, CH, C2 u np.). Benace crnekTpo3oHanbHas
ChEMKa Ha JUTMHE BOJIHBI m3nydenus paaukaia OH, CH, C2. Ilpumensiace kamepa BBICOKOTO
MPOCTPAHCTBEHHOTO pa3pellleHusi ¢ ycuinuTelneM Hu300paxkeHus, ¢ vactoTod kaapoB 10 l/c u
skcniozunuent 0,8 mc. Bo n3zbexanue 3acBeTKU OT pa3psja, o01acTb perucrpanuu Obula HUXKE IO
MOTOKY OT MecTa Ipo0os.

Ha puc.1 mpencraBneHa cxema skcrnepuMenTa. [Ipu pabote yazepa B dKCIEpUMEHTaX ObLIO
WCIIOJB30BAHO JIBAa PEXUMA: TEPBBIA -- HUMITYJIbCHO-IIEPUOJUYECKUIN, BTOPOM — MakeTHbIM. Bo
BTOPOM pEXHUME YacToTa B nakere Obuia 3agana f1=60 k['1, yacTora cinemoBanus makeToB f2=5 kIt
(B makere 6 umMmysbcoB). OOMMI BU SKCIEPUMEHTAITBHOM YCTAHOBKH ITOKa3aH Ha PHC.2.

laser beam —=
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PC
Puc.1. Cxema skcniepumenTa: / — TMH3BL; 2 — Topernka (CBEpX3BYKOBOE COIIO); 3 — MOTJIOTUTENb; 4,5 — IUINpeH
cHcTeMa; 6 — HOX; / — BBICOKOCKOPOCTHAS KaMepa; § — KaMepa CIIeKTPO30HAIBHON CheMKH; 9 — MHTepepPEHIIMOHHBIN
¢wuneTp; 10 — CCD - kamepa.
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Puc.2. O6mmuii BUI SKCIIEPUMEHTA
PE3YJbBTATHI ONITUYECKOMN PEI'’MCTPAIINU

B onrtuyeckoil cxeme BU3yalu3alluu CTPYKTYpPbl T€UEHMsI IPUMEHSJICS MCKPOBOM MCTOYHMK
nozcBeTkH (sKcnosumus 10 cex) ¢ perncrpanmeii Ha mEdPOBOI (GoToanmapar. B0 paccMoTpeHo
YeTbIpe Cilydasl SHEprornoiBojia K ra3oBOM cCpele ¢ HCHOJIb30BAaHUEM ONTHYECKOro pazpsaa: 1)
SHEProno/BOJ B HEMOABMKHOM BO3/yXe, 2) B3aUMOJEHCTBUE ONTHUYECKOTO pa3psja ¢ HAaKJIOHHOU
yAapHOW BOJIHOHM, 3) SHEPromnoABOJ Iepel] MNPsSMbIM CKauKOM B HEAOpacIIMpEeHHOH cTpye, 4)
9HEProno/BO/J 3a MPSIMBIM CKauKOM.

[ToxBOM SHEPTHH, C UCTIONB30BaHUEM C(HOKYCHPOBAHHOTO JIA3€PHOTO JIyda K HEMOIBHKHOMY
rasy, HMeeT HeKOTOopble ocoOeHHOCTU. [lepeunciuM 53TH  OCOOEHHOCTH B MOpSAKE UX
dbopMupoBaHUS BO BpeMeHHU: 1) HadalbHOE OOpa3oBaHWE DJIEKTPOHOB TNPH MHOTO(OTOHHOM
MOHU3AIUY; 2) MOHU3ALMs ra3a B (POKaJIbHOM 00aCTH ¢ KacKaIHbIM 00pa30BaHUEM IEKTPOHOB; C)
MIOTJIOIIEHHE M OTPAKCHUE JIA3€PHOW PHEPTUU ra3000pa3HON TIa3Moi, 3) OBICTpOE pacHIMpeHHe
IU1a3Mbl ¥ (OPMHUPOBAHKE JETOHAIIMOHHON BOJIHBL, 4) pacpOCTpaHEHUE AETOHALMOHHONW BOJIHBI B
OKpY>KaIOUIHIA T'a3 U 3aTyXaHHE TUIa3MbI B (DOKAJIbHOW 00JIaCcTH.

a)

Puc.3. Onruyeckuil pa3psi B HENOABUXKHOM BO3IYXE.

Ha ¢wur. 3,a,0 mpuBeneHsl WUTIOCTpaluM HUTHpeH-poTorpaduii onTuveckoro paspsaa B
HETIOJIBIDKHOM Bo3xayxe. Ha puc.3a mokasaHo HavanbHas ¢asa pa3BUTHS ONTHYECKOTO paspsja.
3akirounTenbHas (popmMa UMITYJIBCHO-IIEPUOIUUECKOrO ONTUYECKOrO pa3psja MokasaHa Ha puc.30.
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Habmogaercsi BUXpeBOE TOPOMIATBHOE KOJIBIIO, CHOPMUPOBAHHOE ACHMMETPUYHBIM TUIa3MEHHBIM
(hopMHUpOBaHMEM B HEIMOJBHXKHOM BO3JyXe DTO siBIE€HHE, 00pa3oBaHUE BUXPEBBIX KOJIEL, paHee
Obu10 3adukcupoBaHo B IkcnepuMeHtax [10--13]. B jgBmkymeMcs MOTOKe IMOAOOHBIC
KOH(Urypanuu He Habmoganuch. Kak nmokasaHo B yMcieHHOM skcrnepumente [12, 14] Buxpessie
CTPYKTYPBI B CBEPX3BYKOBOM ITOTOKE CYIIECTBYIOT TOJIBKO Ha T'PaHMIIE TUIA3MEHHOTO 00pa30BaHMI.
OKCIIepUMEHTBI CBUIETENLCTBYIOT O KAUECTBEHHOM HM3MEHEHHH (POPMBI CBETSIIEHCS 00JacTu mpu
M3MEHEHUU CKOpPOCTH MOTOKa OT JO03BYKOBOH /0 CBEpX3BYKOBOH. C pOCTOM CKOpPOCTH IHOTOKa
rpaHuUIa CBETsIIelca 00IacT npuodperaeT o0TekaeMyto hopmy.

Jletanu CTpyKTypbl XOpOUIO BHJIHBI Ha (hoTorpadusx tedeHus, puc.4, 5, 6. Busyanuzamms
IOTOKa I03BOJIMJIA TOJTYYHUTh CBEJIEHHS O €ro XapaKTepHBIX OCOOEHHOCTSAX B3aMMOJEHCTBHS C
UMIYJbCHO-TIEPUOJUYECKUM IUIA3MEHHBIM  TEIUIOUCTOYHUKOM. HecTtanuoHapHblii  XapakTep
TEUEHUs MPOSABISIETCS reHepaled UCXOIAIuX U3 00JacTu npobos yAapHBIX BOJH ¢ MEHsOLIeHcs
BO BpeMeHM KoH¢urypauueil. Ha panHell craguu pa3BUTHS IJIa3MOWZA yJIapHas BOJHA HMEET
IUNTUYECKYI0 (POpMY, HO C YBEIMUEHHEM BPEMEHHU CTaHOBHUTCA cepudeckoid. Bo Bpems storo
nepuosia CWiIa yAapHOW BOJIHBI M3MEHseT Ooiiee 4eM JBa TOpSJIKa BEIUYMHBL 3a 007acThIO
SHEpPronoJBoJa pa3BUBaeTCi TeIUIOBOW ciea. Ero crpykrypa W mapaMeTpbl 3aBUCSAT OT
NOJIBOAMMOM MOILTHOCTH U YaCTOTHI CIEAO0BAaHUS 3HEProuMitysibcoB. [Ipu nepexone ot yactorsl 45
k 100 xI'm obpasyercst xapakTepHas KBa3HUCTal[MOHapHas CTPYKTypa TEIUIOBOTO cjela M €ro
OCOOCHHOCTBIO SIBIISIETCSl CIIMSIHME CISAYIONIMX IPYT 3a APYroM 30H HeogHopomHocT [6, 9]. C
YBEJIMYEHUEM PACCTOSHUS ATH 30HBl Ppa3MbIBAlOTCSA, TIpaHUIA CJlela CTAaHOBUTCS MEHee
onpezeneHHOW. Busyanuzanus OCpelHEHHOM KapTHHBI TEUEHHUs I10Ka3bIBaeT, 4YTO 3a BUAMMON
00J1acThI0 pa3psiia HaOIogaeTcss ¢1abo CBETAIMUNCS ciies] 0€3 3aMETHBIX HEOHOPOTHOCTEH | C
YMEHBIIAIONIEHCS THTEHCUBHOCTBIO CBEUEHMSI BHU3 T10 TIOTOKY .
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Puc.4. Ontuueckuil pa3psi B CBEpX3BYKOBOU CTpye.

Ha puc.4 a-r mnokazaHa [OCIEAOBATEIbHOCTh KaJApOB JJs ONTUYECKOTO pas3psana
HaxOoJSAIIErocsi BBEPX M BHU3 IO MOTOKY OT JMCKa Maxa B HEIOpPaCIIUPEHHOM CBEPX3BYKOBOM
ctpye. Ha puc.4a npeacraBieHo B3auMOJEHCTBHE ONTHYECKOIO pas3psiia ¢ HAKIOHHOW yJapHOU
BoiHOU. Ilepen onTuuyeckuMm pas3psioM BO3HHMKAeT HECTAlMOHApPHAsl yJapHas BOJIHA, KOTOpas
B3aMMOJICHCTBYET C HAKJIOHHOHN yaapHOU BOIHOHN. YeTko HaOIIOAaeTCs HAKJIOHHAS yIapHAsk BOJHA
nepes ONTUYECKUM pa3psiioM U 3a HUM. B oOiacTu onTHyecKoro paspsjia HaKJIOHHAs yAapHas
BOJIHA HE HAOII0/1aeTCs.

B3anmoneiicTBre ONTHYECKOTO pa3psija ¢ KOHTAKTHBIM pa3pbIBOM 3a JUCKOM Maxa nmokaszaHa
Ha puc. 4. 6. BugHo 3HauMTENBPHOE M3MEHEHHUE CTPYKTYpHl TeueHus. Ecim paHblle KOHTAaKTHBINA
pa3pelB  OBbLT MOYTH MapajUielieH OCH CHUMMETPUU COIUIa, TO Temepb HaOMI0JaeTcsl €ero
3Ha4YMTeNbHOE OTKIOHeHHe. Kpome Toro Halmionaercs paciueruieHue aucka Maxa. V3 HumxHeH
TPOMHON TOYKHM MCXOMAT JIBE HAIpPaBJICHHBIE BBEPX yJapHbIC BOJHBI. B BepxHEH yacTh OAHOU U3
HUX (POPMHPYETCS TPOWHAS TOUKA.

N3 puc.4r BuaHO, 4YTO TMEPBBIA TMpoOIECC, KOrJa YyAapHas BOJHA OT IUIa3MOUJa

B3aMMOJICHCTBYET ¢ AUCKOM Maxa, uMeeT HeOOJIbIIOe BIUsHUE Ha HETO.
Ha puc.4B nokazana cCTpyKkTypa TEUEHHS, KOT/Ia ONTUYECKUN pa3psi] HAXOIUTCS Ha aucke Maxa.
[1na3mMouna MONHOCTHIO HAXOAUTCS HA AMCKEe Maxa, HO ero cTpyKTypa He Habmonaetcs. OQHaKko BU
JIHA CTPYKTYpa HAKJIOHHBIX YJIapHBIX BOJH. DTO yAapHasl BOJIHA NPUXOAAIIAsl Ha MPSMOM CKadOK U
yCXOJs11asi HAKJIOHHAs y1apHas BOJIHA.

Ha puc.4r nokazaH UMITyJIbCHO-IIEPUOJUYECKUI ONTUYECKUNA pa3psi, pPacIlOJIOXKEHHBIN 3a
auckoM Maxa. IIpoucxoaur B3aMMOJEHCTBHE CTAlMOHApPHOrO aMcka Maxa ¢ HecTalMOHapHON
yIapHOU BOJIHOM, cO3/1aBaeMoil ontuueckuM paspsaom. [lomoxenue nucka Maxa nmpakTHUYECKHA HE
M3MEHWIOCh. A HEeCTallMOHapHasl yAapHas BOJIHA MpoIlla CKBO3b JUCK Maxa M OCTaHOBWJIACh B
CBEPX3BYKOBOH 00J1aCTH CTPYH.

Bbutn BBINOJIHEHB! SKCIIEPUMEHTHI C JIa3epHON MCKpPOHl yJalleHHOM Ha OoJibliiee paccTOsIHHUE
BBEpX IO Te4YeHHIO OT Jucka Maxa. Ecnum paccMmarpuBaTh 3TO BO BpEMEHHM TO CHayaia
HeCTallMOHapHas yJapHasi BOJIHA B3aUMOJCHCTBYET C JUCKOM Maxa, M 3aTeM TEeIUIOBOE MSTHO
B3auMoJeiicTByeT ¢ nuckoM Maxa. HaOmroganuce OT/AeNbHBIE TEMJIOBbIE CMEUIAONINecs BHU3 10
TEYECHHUIO.

Ha puc.5 npuBeneHsl WUIIOCTpaluud HIUIMpeH-GoTorpaduil ONTHYECKOro paspsna B
JI03BYKOBOM U CBEPX3BYKOBOM NMOTOKax. CHUMKH CBUIETEIBCTBYIOT O KAYECTBEHHOM HU3MEHEHUH
(GOpMBI U COCTOSIHUS CBETSAIICHCS 001aCTH NIPU YBEJIIMYCHUU BPEeMEHH. JleTan CTPyKTYphl XOPOIIO
BUIHBI Ha ¢oTorpadusax TedeHus. VX aHamu3 Mokas3bIBaeT YTO: B IMOTOKE 00pa3yeTcsl 3aMKHYyTas
00J1acTh ¢ O4€HBb BBICOKOU Temmeparypoil. O0 3TOM CBUACTEILCTBYIOT HCXOSIIUE U3 3TON 001acTu
yAapHBIE BOJH IMOYTH JJUIMNTHYECKOH (opMmbl. Pasmep obnactu cocrtaBmstor 2,0-3,0 MM (mipu

148



muametpe pokycupoBku 0,2 Mm). OueHb BBICOKHE TEMIIEPATYPHI U JABJICHUS IMOJYYCHBI B KOHIIC
dbopMupoBaHMsT TMIa3Mbl. OTO BBI3BIBAIOT HECTALMOHAPHYIO YyJIAapHYI0 BOJHY, KOTOpas
PacIpOCTPaHsAETCS B OKPYKAIOILYIO CPEeLy

Puc. 5. TeneBast peructpaliyisi TCUEHUS: a) ONTUYECKUN pa3ps/] B JO3BYKOBOM ITOTOKE, 0) ONTHYECKUH pa3psi Ha
MPSIMOM CKa4Ke YIUIOTHEHHS.

Bbutn mpoBenieHbl SKCIIEPUMEHTHI IO WHUIIMAPOBAHUIO BOCIUIAMEHEHHS CMECH METaHa B B
JI03BYKOBOM BO3JYIITHOM IOTOKe, puc.6. C HCHoJIb30BaHHE CKOPOCTHOW Kamephl 3a(pUKCHpPOBAH
HECTAlIMOHAPHBIN TPOIECC MHUIIMMPOBAHUS TIA3MOMIOM TOPEHHs B TIOTOKE METAHOBO3IYIIHOM
CMECH, HCTEKalolleld M3 KOHMYECKOro coIula co cKopocThio 40 wm/c. DKCnepuMeHThl Obuln
BBITIOJIHEHBI 0€3 HMCIOJIB30BAHUS MEXAaHWYECKHX CTaOMIM3aTOPOB IUIaMEHH. | OMOTeHHast MEeTaHO-
BO3/yIIHas CMECh HCTEKaja B 3aTOIJICHHOE IPOCTPAHCTBO. bBBUIM paccMOTpeHBl pPEXUMBI C
k02 unmenTom m30bITKa BO3ayxa B Auanazone o =0,7—1,2.
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B) r)

Puc.6. I/IHI/IIII/II/IpOBaHI/Ie BOCIUIAMCHCHHA MCTaHa B JO3BYKOBOM ITOTOKE

Ha puc.6 mnokazan BO BpPEMEHHM IMPOIECC BOCIUIAMEHEHHMS METAaHOBO3AYIIHOM CMECH B
JI03BYKOBOM TMOTOKe. Ha puc. 6a moka3aH HadaidbHBIA dSTanm (OPMUPOBAHUS SIUTHIITUYCCKON
yAapHOI BOJIHBI BOKPYT I1a3Monaa. BuaHo, yiapHasi BoJHa €1e He UMeeT SJUTMITUYECKYI0 hopMmy,
a TOJBKO MOBTOpsAeT GopMmy IazmMouaa. Jlamee, yBelIMYeHHEM BpeMEHH pHC.60 ynapHas BOJIHA
UMEeT MPaBUIbHYIO JJUIMNTHYECKYI0O (QopMy, KOTOpas uepe3 HEKOTOpOe BpeMs CTaHOBUTCS
cdepuyeckoit puc.4a,6,8.. HectanmonapHslif mpoiiecc BOCIJIAMEHEHHUs] HauWHAeTcs ¢ 00pa3oBaHus
BBICOKO TEMIIEPAaTypHOIO Ta30BOr0 My3bIpsl, HAXOMALIETOCS Ha BEpXHEW 4YacTH IUIa3MOUAA.
WNHTeHcuBHOCTE (DpOHTA ATOrO0 HECTAIMOHAPHOTO O0Opa3oBaHUs JOBOJBHO 3HAYUTENbHA. B
nanpHenmemM Gopmupyercst obmacte ropeHus puc. 60, B, T. [lonmydyeHO HHTEHCUBHOE CTaOUIIBLHOE
TOpEHNE METaHOBO3AYIITHONH CMECH B JO3BYKOBOM IOTOKE.

3AK/IIOYEHHUE

e Pazpaborana u ampoOMpoBaHAa METOJMKA ONTHYECKUX H3MEPEHUM s perucrpanuu
CTPYKTYpbl TEUEHHUS NpU B3aHUMOJACHUCTBHH CBEPX3BYKOBOTO IIOTOKAa C HMILYJIBCHO-
NEPUOAMIECKUM TEIUIOBBIM HCTOUYHUKOM.

e [loka3zaHO, YTO MpHU IONEPEYHOM BBOJE JA3EPHOIO M3Iy4YEHUS B IOTOK oOpasyercs
nepuoaudeckass CTPYKTypa TEIJIOBOTO cliefa, ¢ (HOpPMUPOBAHMEM TOJOBHOTO CKadKa
YIUIOTHEHHUsI OT 30HBI SHEProBblAeTCHUsS. [Ipy ManbIX 4acToTax CIEAOBaHUS HMITYJIECOB
Ja3epHOTO M3JIyYEHHUS B3aMMOJCHCTBHE TEIUIOBOTO IMATHA C IOTOKOM IPOMCXOJIUT B
UMITYJICHOM PEXHME.

e DKCIEPUMEHTAIBHO I[OKa3aH IPOILECC HECTAMOHAPHOTO BOCIUIAMEHEHHUS ONTHUYECKUM
paspsioM METaHO-BO3AYIIHOM CMECH NpHU JO3BYKOBOM HCTEUEHHH B HEMOJBIKHYIO
atMocdepy. Pe3ynbpraTsl onTHYECKOH BHU3yaTH3alluy CBUAETEIBCTBYIOT O TOPEHUS B Cllesie
3a 00JIaCTBIO0 ONTUYECKOTO pa3psiza.

CIIUCOK OBO3HAYEHU
M — gucno Maxa;

T — temniepartypa, K;
f—dacToTa UMITyJIbCOB.
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IGNITION AND STABILIZATION BY THE OPTICAL DISCHARGE OF
HOMOGENEOUS BURNING IN HIGH-SPEED JET

The experimental research of influence of focused impulsno-periodic radiation CO2 - the
laser on initiation and development of process of distribution of burning in to - and a supersonic
stream homogeneous fuel-air of mixes (CH4+air) is spent. Radiation CO2-lasera extended across a
stream and was focused by a lens on an axis of a supersonic stream. The shadow scheme was
applied to registration of structure of a current with a crack and the flat knife located along a
stream. The image it was fixed by the high-speed chamber in due course expositions 1.5 us and
frequency of shots 1000 1/s. It is shown, that at cross-section input of laser radiation in a flux the
periodic structure of a thermal trace, with a forming of head jump of a gland from a band energy
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deposition is formed. At small frequencies of a resulting of pulses of laser radiation interaction of a
thermal cloud with a flux occurs in a pulse mode. Is developmental process of non-stationary
ignition by the optical category of a metano-air mix is shown at the subsonic expiration in
motionless atmosphere. Results of optical visualization testify about burning in a trace behind a
field of the optical category.

THE OPTICAL DISCHARGE, SUPERSONIC NONISOBARIC JET, SCHLIEREN
REGISTRATION, HOMOGENEOUS COMBUSTION.
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