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B. C. Epmoaaes, B. A. @oreenkos, B. A. Xacauhos,
A. A. Cyaumos, C. E. Maaunun

KPUTNYECKHNE YCJOBHUA NEPEXOJA 'OPEHUA BO B3PbIB
B 3EPHEHBIX B3PBIBUATBIX MATEPHAJIAX

IIpemorepammenne mepexoma ropenus Bo B3peiB (III'B) m geromammio B
aBapuilHBIX CATYaNHMAX — aKTyaJlbHAaA MpPo0JeMa ITPOM3BOJACTBA, XPAHEHUA U
TpaHcmOpTHpPoBKE TBepAbix BB. [laa ee pemienus HeoOXOXHMO pacIIHPHTH
3HAHWA 0 IIPHPOJe W MeXaHM3MaX, o0ecHedumBaOIINX KaTacTpoduiecKoe yc-
KOPeHUe TOPeHHs IIPU AaBAPUAHBIX B3pbiBaX. DoJbIIyI0 TOAB3Yy MOMKET IpH-
HecTH Pa3paboTKa HOBHIX MOMEJIBHBIX IIOAXO00B, MO3BOJAIIINX IEePEeHOCHTH
HA HATYPHbIE B3PBIBHL PE3yJAbTAThl Ja00OpPaTOPHBIX W3MepPeHWH M YUCIeHHOTO
MOJIeJINPOBAHUA.

Panee [1] IIT'B B TBepmbix BB msyuasca B 0CHOBHOM HPHMEHHTEIBHO
K YCJIOBUAM 3aMKHYTOH NpouHOil oOosoukm. OgHaKo B aBapuilHBIX CHUTyaru-
AX vallle BCEwo WMCXOMHBIA ogar ropeHms BosHHKaer B BB, mMelomem cBo-
G60Hble MOBEPXHOCTH JUOO OKPYKEHHOM MAJONPOYHOH O000JOIKON WIAM MAT-
KUM YHAaKOBOYHBIM MaTepmajoM. B pesyiabrare pasBUTHE TOpeHHUs B oudare
y’Ke HA HAYAJBHON CTAJMU WCOBITHIBAET HHTEHCHUBHOE BO3jIeificTBHE pPasrpys-
Ku m3-3a pasinera BB, oxpymaiomero ouar. OcoGenHo Goapinoilt spdert naer
JelicTBHE pasrpysKu, KOr[a TOpPeHWe B oYare ITPOTEKAET B IOCIOHHOM perKuMe
nub0 KOrjla BO3HUKIIee KOHBEKTMBHOE TOPEHUE ellje HeJOCTATOYHO MHTEHCUB-
Ho. IIpm atom kpurmueckme ycaosusa III'B, ¢urcupyembie mo macce BB, pas-
JIEHHUIO B 09are wOpPeHHs, IPOIHOCTH OOOJOYKM M T. 1., 4 TAKMKe BpeMs pas-
BHTHA B3PBIBA MOTYT M3MEHATHCA B IIMPOKMUX Ipejesax.

OrMeueHHBIe 0COGEHHOCTH HpOIECCa [OJIKHBI aJeKBATHO BOCIPOM3BO-
IMTBCS HPU MOJENNPOBAHMU U PETHCTPAIMM KPUTWYECKUX YCIOBHII aBapmii-
HBIX (KPYITHOMAcCIUTAOHBIX) B3PHIBOB. TpajMOuOHHBIE MeTOJBI, IIPUMeHIeMbIe
JJiA H3MepeHHsa IapaMeTpoB, XapaKTepuaylInux ckioHHocts BB x III'B,
HampuMep NIHHBI HpefJeTOHALMOHHOTO ydacTka [1], me orpakalor B mox-
HOI Mepe 3TO O0CTOATENLCTBO. Y KA3aHHOH LeJH Jyulle BCero COOTBETCTBYET
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unH C. E.

102



«MeToj, Kputmueckeil BeicoTHl caog BB» [2]. Cyrp ero coctomr B ciaenyio-
meM. Ecan B cranpHyl TpyOy ¢ 3aKpBITHIM HUKHMM TOPLIIOM IIOMECTHTH HC-
caegyemoe BB m momKedp cnmpasbo HAKAJWBAHUA, YJIO0KEHHOH IIOX CJIOH
BB ma gmo Tpy0El, TO B 3aBHCHMOCTH OT BBICOTHI caosa H peammsyercs omuH
3 ABYX caeqyommux pesyiabratoB. Ilpm HeOoapmux H, MeHBIIUX HEKOTOPOH
KpUTHYECKOH BbICOTHI H,,, ropeHue MpoTeKaeT CIOKOiiHO, 6e3 B3pHIBA, rops-
1iee Bel[ecTBO YACTUYHO BHIOpachiBaeTcss u3 TPYOBI uepe3 BePXHWI OTKPBITHIH
Toper] m fgoropaer Ha mojcraske. OmHaxo, ecim H > H,,, ropeHune 3akaHTH-
BaeTcs B3peIBoM. IlapameTpel, m3MepsieMble B KPUTHYECKHX YCJIOBHAX (KpH-
THYecKue BHICOTA W [aBjieHWe), MOrYyT HEIOCPe[CTBEHHO NPUMEHATHCA MIJA
peanncTHdeckoil onenku ckionHoctu BB ® IIT'B. Meron ynmoGen taxske mias
OTJAAAKN H MPOBEPKM MaTeMaTHYeCKHX Mojejieil, 9T0 OTKPBIBAET BO3MOKHO-
CTH [JiA CO3JaHHA METOAUK ITPOrHO3MPOBAHNA KPUTHIECKUX YCJIOBHI aBa-
PUiiHBIX B3PHIBOB.

B pamHoii cTaThe HpUBEIEHBI PE3YJAbTATHl TEOPETHYECKUX U DKCIIePHMEeH-
TQJIBHBIX HUCCAETOBAHMIL, KOTOPBIE MO3BOJILIN Gojiee fACHO HMOHATH MEXaHU3M
hOpMHPOBAHHA KPUTHYIECKON BBICOTHI CJIOH, IMOTYIHTH OAHK [JaHHBIX, XapaK-
Tepusyoiux Kpurtudeckue ycuaosua I[I['B pmias pama TunmaHeiXx B3pPHIBUATHIX
MaTepHaJioB B TPyOax pasjIMIHOrO AMAMeTPa, a TaKKe CO03JaTh U IIPOBEPUTH
JOCTATOYHO MPOCTYI0 TEOPeTHIecKy0 MOJMesb IpoIecca.

IIpeskne weM mepefiTu XK M3JOKEHHIO IIOJYYCHHBIX pe3yJabTaToB, CleJjia-
eM ciefyiomiee samMedanwe. Ha mepBBIA BInUIs], MOJKeT CIOKUTHLCA BIIeTaTJe-
wue, aro H,, mouTu He oTimMTaeTCs OT MIUHBL IPefeTOHANUMOHHOTO YJacTHA
Ly, — mapamerpa, TPafANIMOHHO HCIOJb3yeMOro A XapaKTePUCTHUKH CKIOH-
woctu BB w II'/] B samruyTO#l 0Gosmoure [1]. [lefictBurenbno, o0e Beiamuu-
HBI OIpefedsaoTca B TPyOax ¢ MHMIMUPOBAHHEM OT 3aKpsIToro topma. OmHako
MeKAYy HUMO HMeITcsi TPUHIUNHWAJbHBIE padnuinmsa. Ilpm usmepernn Ly,
o9ar ropeHHs, M0 KpaiiHeil Mepe Ha HAYAJBHBIX CTaAUAX IIpollecca, IIOKa
OTCYTCTBYeT 3aMeTHasa JedopManusa 000JOTKM, B3AIIUINEH OT NCeHCTBUA pas-
rpy3ku. Jlis TOBBIIIEHWA BOCIPOW3BOJUMOCTH PEe3YJBTATOB B JTOM CJydae
00BIIHO HCIOJMB3YIOT JOCTATOTHO MOIMHBIH BOCILIAMEHHTENb, KOTOPBIA obecie-
gmBaeT pasBUTHE Ipollecca cpasy B PeKMMe KOHBEKTHBHOTO TOPeHUs, MUHYS
CTA[INI0 IOCJOWHOTO FOPeHNUs, TaK KaK MPU HAJIWMYAW MMOCIeTHEH 3HAYUTEIHHO
Bo3pacraeT pasbpoc xapakTepucTukK. Tarkum o0pasoM, Ipu TPAgUIUOHHONA IIO-
CTAHOBKE 3KCIIePHMEHTA WCRIITAETCA IMePexo]l TOPeHHs B odare OT IIOCJIOMH-
HOTO K KOHBEKTHBHOMY, BO MHCTOM OIpeelsiomuil crenuduKy aBapUilHBIX
B3peBoB. (CieloBaTeIbHO, PA3NIUYUA B yciaoBuUAX uamepenus H., uw Ly,
HOCAT NPUHIUNUAJBHBIA XxapakTep. Hak OyIeT mokasaHo HUIKe, MEKAY OTH-
MH TapaMeTpaMm HMEITCA W KOJMIeCTBeHHBIC PAa3jNdusa, MpUYeM B 3aBUCH-
MocTu OT pasmepa wacrur Hy, MoseT OBITH Kak 0oubllle, TAK M MeHbINe Lg,.

IKCnepuUMeHT

OnmiTel, Kak u B pafore [3], mpoBojumiauch TIaBHBIM 00pa3oM C 3ep-
HEHOH HHUTPOKJIETYAaTKOH (OTHOOCHOBHBIM IIOPOXOM) HECKOJBKHX MAapoOK, pas-
ANYAIINXCS PasMepoM dJacTuil. B psjfe omBITOB mcCIeqOBAJICA OKTOTeH ¢ da-
cranamu pasmepom ~0,4 MM W MeJKO3epHEHBI [BYXOCHOBHBIA IMOPOX € 4a-
ctuijamMn s dertusabiM nuamerpom ~0,45 mM. IIpomyxr B BHOe cios co
cBOOOIHOI BepXHeil TPaHMIE MOMEIIAJCA B CTANBHYI0 TPyOy, CHAOMKEHHYIO
JOHHEIM (IAHIIEM C OTBepPCTHEM TIIOf JaTduk [JgaBieHus. J[mamerp TpyOb
BapsupoBaiica ot 16 mo 500 MM, Tommuua cremork 5 + 20 mMMm. [opemme (B
TMOCIOHHOM PeKNMe) WHUIUUPOBAIOCH CHM3Y W3-IOJ CJI0SA NPOAYKTa CIIH-
pajdbi0 HAKAJIWBAHWMA, KOTOPasg HABWBAJIACh HA NENAYIOMIHYI0 HJIACTHHKY
pa3mepoM 4 X 10 mm. [[aBieHue B odare ropeHHs PerHCTPHPOBAIOCH IIHe30-
preRTpudecknM pmaTamkoM tuma T1-6000 wim HHIYRIMOHHBIM JaTIHKOM
OAN-20. B papge omelToB HPOBOAMIACE CKOPOCTHASA KHHOCHLEMKA KAPTHHE
B3DBIBA, a TaK)Ke OIeHWBAJCS TPOTUJIOBBIA DKBUBAJEHT B3phIBA II0 IapaMeT-
paM BO3AYIIHOH yHapHOH BOJHBI W pa3MepaM BODOHKHM, o0pasylomeiica mocie
B3pbIBA.
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Puc. 1. OcuumnmorpaMMbl W3MEHEHUS JABJICHUA B 180 Homm
vuare ropenus, H = 180 (a) u 220 MM (6). ’
) 0 LDO-
Puc. 2. 3aBucuMocTh pmax(H). 3epHeHas HUTDO 140 180 H MM

KiIeTg9arKa, dy = 1,6 M.

Ha puc. 1 mpusefensr THIWIHBIE OCIUIIOrPaMMBl [JaBJEHHA B odare
ropeHusi, HOJIYYeHHble HA 3€PHEHO# HUTPORIeTdaTRe ¢ 9PPEeKTHBHBIM [Aua-
merpom dactun 1,8 MM B TpyGe mmamerpom 16 MM. YdUacTor HapacTaHHA
TaBiIeHHsA uMeeT iuTedabHocth ~20 - 25 Mc um Mo:KerT OHTH pasfelNeH Ha
IBe cTafum: HAYAIBHOrO, CPABHUTEIBHO MEIJIeHHOT0 pOCTa [JaBJCHHsA, HHOrIa
C ABHO BBIPAKEHHBIM ILIATO, I HOCAEAYION[ero, Topasfo Gosee OGBICTPOro pPo-
cTa, 3aKAHYMBAIOINETroca JOCTHKeHNeM MaKCUMyMa M CITaloM.

Ha puec. 2 ganm nmpuMep 3aBHCHMOCTH [ABIEHUs B MAKCHMyMe OT BBICOTHI
ciosa mpoaykra. OHa mMeeT XapaKTepHYI0 TOYRY M3jioMa B mHTepsale H =
=190 + 195 mM. Humxe 5TOMl TOYKH P HE NMPEBBHINIAET HECKOJBKHUX aTMO-
chep u TIABHO BO3pacTaeT HpH yBeaudeHum H, a BbIIE HEE Pmax PE3KO YBe-
JUYUBAETCA HA MOPATOK m Oojee. AHAJOTWYHBIE 3aBHCHMOCTH TIOTYYEHBI
IJIA APYruX M3YYEHHBIX BEIECTB ¢ TOW JINNIb PA3HHUIEH, 9T0 B ciaydae HUT-
pORIeTIaTKH c Oojiee MEJIKUM 3€pHOM, ABYXOCHOBHOTO IOPOXa U OKTOreHa
Pmax BO3pacTaer B ropasfo Ooablieil cremeHm, majKe eclIH BBICOTA CJIOA TIpe-
BBILIIAET TOYKY M3JI0MAa BCEro HA HECKONBKO MILIIIMETPOB. Y Ka3aHHAS TOUKA
BRIOpaHa B KadecTBe KpuUTHYecKoit BBIcOTH cinosi BB H,,. MaxcumambpHoe
JaBieHIe B odare, oTBevaiomtee H,,, 0003HATUM py,. OTH IHAPaMeTPH [AIOT
IpeficTaBlIeHAE O HUKHeil TPaHHIle YCIOBMHA, IPH KOTOPHIX 3aropanme CTa-
HOBUTCS B3PBIBOOMACHBIM.

Ha puc. 3 mpuBepicusl nauusle 1m0 H,,, TOXyYeHHEIE HA 3ePHEHON HHETPO-
RJIeTYATKe ¢ Pa3HBIM pasMepoM dactur B TpybGe mumamerpoMm 16 ma. Bmpmo,
49TO B HCCJHEAyeMOM [AuamnasoHe pasMepoB dacTHI, Bamsuue do ma H,, daxrn-
Yeckn OTcyTcTByeT. IlomesHo comocTaBUTh 9TH JaHHbIE ¢ AHAJOTHYHOI 3aBH-
CIIMOCTBIO, TIOAyYeHHONW B [3] Hiag MiauHB y9acTKa Iepexoia TOPeHHsS B HII3-
KOCKOPOCTHYIO HeTOHANHI0 Lyn.; B ONU3KHX YCIOBUAX, OTIHYAOIINXCS JNIIb
HECKOJIBKO (ojiee MOUTHBEIM BocimiamMenuTedem. M3 pumc. 3,2 BumHO, 4YTO B
ciayvae MeJIKHX 9AcTHN JJHNHA yuacTKa Iepexofa Menbmne H,,. B stoit obxa-
crii mpu [ > H,, paspuBaercs HHM3KOCKOpPOCTHAasA JeTOHAINA ¢ FaBJeHHeM
B HECKOJBKO THcad arMmocep. HamporuB, B caydae KpPyIHBIX dYacTHI]
Hyp < Luc;, 1 w3MeHeHHe BBICOTHI CIOS B 3aKPHTHUECKOIl 00JACTH BBI3HIRAET
ropasmo Goxee caalbbIil poct gapaenus (cM. puc. 2).

Ha puc. 4 mpuBeneHs! maHHBIE, HINOCTPUPYOIIHE 3aBIHCHMOCTh H,, OT
qunaMerpa tpy6sr D. Mo:KHO BBIEAUTH ABa XapaKTepHBIX ydacTka: mpum D <
<< 300 MM H,, pacrer TpUOHH3UTEIBHO JUHEIHHO ¢ pocroM D, mpu Goxbirmx
D 3aBumcumocts Hacbimaercs. Ms-za orcyrerBusa tpy6 ¢ D > 500 mM, 9ro0bI
NO/ATBEPAUTh HalWdne yJacTKA HACBIUIeHNs, OBLIN IPOBeJEHHl AHAJICTHIHBIC
SKCIIePHMEHTHI, Ipir 9ToM ucciaeayembie BB momemamics B8 amy sddertun-
HBIM JAmaMeTpoM ~1 M, BHIPDHITYI0 B TmaoTHOM rpyHTe. COOTBETCTBYIOIHE DHE-
cnepHMeHTalbHbie TOYKE (TeMHBIE), OTBEUAIONINE BBICOTE CJIOS, IIPI KOTGPOIl
nabaonanca III'B, Taxke HameceHsl Ha rpaduki.

Iipu H > H,, Bo Bcex OIBITAX ¢ OKTOTEHOM H B 00Jblieil 9acTH ¢ JABYX-
OCHOBHBIM IIOPOXOM KDOME T€X, YTO IIPOBOAIJINCH B TPY0ax Majoro AMaMeTpa,
B3PLIB 3aKaHUYWBAJICA IlepexofoM B pmeToHamuio. B ciaywae H < H,, B 3asu-
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Puc. 3. 3aucumocts Hyp (1) W Lucx (2) or passe- Puc. 4. 3aBucumocts Hyp 0T ama-
pa gacTuIi, MeTpa TpPYObI AJsI [BYXOCHOBHOTO

mopoxa (I) u orrorema (II).
1 — HeB3pbIBHOE CropaHume; 2 — BSPBIB.

[0 — ZBYXOCHOBHBIl ITOPOX.

CUMOCTH OT jijuaMeTpa TPyOHl HAOJIOMAIOTCS CIefyOHm[e Pasindms B KapTuHe
pasButma ropemma B ouare. IIpm D <300 MM ropenme IpoTrekano B OFHY
cragmio AIuTedbHOCTRI0 1+ 3 ¢ ¢ obpasopammeM Hafg cpe3oM TPyOH (arera
BoicoTOi 2 -+ 3 M. B rpy0ax Goaplumero mmamerpa HaOMOJAJNCh JiBe CTAIMIU:
BHAYANe W3 TPYOB BHIpHBaJcA cTod0 orus Beicoroir 10—15 M, cmycrs 2—
3 ¢ mmama cmajgamo mo 1—2 M, a ocraBlieecs BeIECTBO IPOJOJKAIO TO-
perb 1,5—2 Mumn.

Bimsinme BBICOTBI CIOA HA Pmax YiKe 00CY:RAAIOCH HA IpuMepe puc. 2.
B ra6x. 1 npuBegensl amajJorwmuHble JAHHBIE, IMOJAYyYeHHBIE HA TBYXOCHOBHOM
mopoxe B Tpy6ax mmamerpoM 180 mMM. C moMOI[bI0 TAKWX [aHHBIX ONpemesd-
JINChH SHAUEHHUA Dyp. B CIydae ABYXOCHOBHOTO MOPOXA Pxp — 2,7 ATM HE3aBU-
cumMo or D (B mpemesax TOYHOCTH SKCIEPUMEHTA). SaBUCUMOCTE Pup (do)
n3ydJajnach Ha 3e€pPHEHOH HHUTPOKIeTdarKe B 1py6ax ¢ D =16 mMm. [us wa-
cruy ¢ do = 0,8 + 3,3 MM o0Hapy;KeHO YMEHBIIEHHE py, MPHOIUSUTEIBHO OT
4 mo 2,5 arm. [laa oKToreHa MOJYYEHHBIX JaHHEIX O0Ka3ajaoch [OCTATOYHO
IUIOb [AJIS OPHEHTHPOBOUHON OMEHKN BEJIUIHHBI Dy, = o — O arm.

IIpoBemens! cnequanbHble OMBITEL, IIO3BONUBINHE YTOYHUTH (PUBHKY IIPO-
mecca. B npoOKOBBI IMapmK ¢ pasMepaMu, OMU3KUMH pPasMepy WacTHL HC-
clIeflyeMcoro Iopoxa, 3ajeiblBaics MuHHaTopHb Marmur. IHapur momemam-
¢ CBepXy Ha NOBEPXHOCTHh CJOs, & HA BePXHHH KoHern TPYOH HaAeBaJIach
nagyknuonnasg Karymka. Ilo 3J1C, maBommmoit B meil, ompefensanm mavamao
OBIKEHHWS MATHNTA, KOTOpPOe OTOMKIECTBIAJIOCH ¢ HAYaJIoM [BUKEHUS CIOS
LPOAYKTa M CONOCTABJAIOCH C 3AUUCHI0 JaBJeHHsa B ovare ropenmsa. ObOna-
pyskeHo, aro mpu H <<[l,, MOMEHT MOCTUKEHHA B OUATEe pma; U HATANO JBI-
AEHRST CJI0A NPUOIMBUTENIBHO COBIAMAIOT W, CIef0BATeNbHO, CIAJ MABIEHNS
U OTCYTCTBHE B3PBLIBA HEIOCPEICTBEHHO CBABZAHLI ¢ PasdpPOCOM BemlecTsa.

OnmsiTaMn, B KOTOPBIX TPYOBI [ejaimch M3 pPasIUIHBEIX MaTepHAaloB
(crams, muekcuriac) m KaHAN TPYOB! mofBEprajics MONOIHUTENALHOI o0pa-
60TKe, MOKa3aHO, YTO COCTOAHME CTEHOK TPYObI (T. e. WX IIEpPOXOBATOCTH)
OKa3LIBAeT CUJAbHOe BINAHHe Ha Beamunuy H,, B tpy0bax He(OJBIIOTO NHa-
merpa. Tak mpm mepexofie oT IIepoXOBATOro KaHajia (W3-TO pesna) K raaj-
KIUM TUTA(GOBAHHBIM CTE@HKAM

npu D =20 vy Beauuuna H,, Tabruma 1

BO3pacraer  NMpUOIM3UTEIBHO . Bpema mapacra-

BIBOE. H, Mm mat  |muA mapTeHns mo Peayaprar
Ilonygenmnsie maHHbBIE 110~ Pmax. ¥

3BOJIAIOT chopMynmpoBaTh 460 1.4 30 Toperme

MpeACTaBIeHUsA O MeXaHU3Me 480 1,25 12 »

IIT'B nmpu aBapumitabix 3aropa- 560 1.8 90 »

Hmsx TeepAbix BB B o6memax ggg 31/00 fgg oo ]

€O CBOOOTHLIME HOBEPXHOCTH- - mmfnegfgggr_

MH HWIX B MAaJOMPOYHBIX 060- P

mogkax. B ero ocHoBe —
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JBa KOHKYPHpPYIOIIMX WpOIlecca: YCKopsmolleecs TropeHne B odare, Iepexo-
Aflllee 110 Mepe HapacTaHWsa MaBJIEHHA C IIOCIHOHOr0 peKuMa Ha KOHBEK-
TUBHBI, W pasrpyska odYara, OrPAaHUYMBAIONIAsg POCT [aBIeHUA 3a CYeT
paszbpoca BB, oxpymaromero ouar. Ecium pasrpyska AoMHHHpYeT, Topsalliee
BelecTBO BhIOpachiBaeTcA M3 TPYOBI, JaBieHWe B odare He IIPEBBIIIAET Py
U B3pBIB OTCyTCcTBYeT. Ecim feiicTBue pasrpysKd OKa3bIBaeTcs HEJN0CTAaTOYHO
HHTEHCHUBHBIM, TOPeHUe, HeOTPAaHUUEHHO YCKOPAACH B pe3yJabTaTe pPOCTa JaB-
JICHUSA, HEMIHYEMO 3aKQHIMBAETCH B3DPBIBOM.

Buamsiame pmamerpa TPYOBI MOMKHO OOBACHHTH ciefylomum oOpasoM. Bo-
HepBEIX, IPH yBeaudeHun [) ymeHbmaeTcsa Bkaajn Tpenus BB o crenkm, dro
o0ierdaer pasrpysky odara u crocobcrByer pocty Hy,. Bo-BrophiX, ecim B
Tpybax mHeGompmioro guamerpa (~20 MM) IpH HCIOXb3yeMOM cIocoGe MHHU-
[UUPOBAHHA TOPeHHe, CKOpee BCEro, OXBAThIBAaeT [OCTATOTHO OJHOPOJHO Bce
cedeHme 3apsaga, T. e. (POHTH ropeHnms ¥ QUIBTPALMH MOTYyT paccMarpu-
BaThCs KaK INIOCKHe, TO IPpH yBequdenuu [ uckpusieHue QPOHTOB (II0-BH-
ANMOMY, B Ipefiesie (POHT IJIAMEHHM CTPEMUTCS NPUHATH cepHuecKyo ¢op-
My) JOJMKHO TPHBOAUTH K HMHTeHCHQUKANMM CTOKA rasoB M3 09ara 3a cyer
QuabTpanuE M COOTBETCTBEHHO K YMEHBIIEHHI0 CKODOCTH HapacTaHUsA [aB-
JICHUA.

IdtoT apdeKT, Tak ke KAK M BKIAJ TPEHHS O CTeHKH TPYOHI, IPHBOXUT
K pocty H,, npu yBemudeHmu fuamerpa TpyGbl JHIIL 70 OINPEJENCHHOTO Ipe-
mesa, YTO I03BOJSAeT O0BACHUTH HAJIMYME YYACTKA HACHIIEHHA HA pHC. 4.

TeopeTnuecras Mogexs

Jlaa TeopeTMdecKoro aHaJIM3a PacCMATPHBAEMOrO sBJIEHUS cO3laHAa MO-
Jeab, B KOTOPYI0 BOULIM c(OPMYJIUPOBAHHEIE BEINIEe TIPEACTABIEHHA O Me-
XaHHI3Me. YUHTHIBAJIOCH, 9TO TOPEHUE B OY&ye HAYMHAETCA B IIOCIOHHOM pe-
JRUMe M JIUINb 3aTeM, 110 Mepe JOCTIKEeHHsA HeOoOXOMUMBIX YCIOBHI, mepe-
XOIUT B KOHBEKTUBHBIA pe:kuM. Ha pume. 5 mpuBepmeHa cxema, IOSCHSAION[As
TeopetudecKkylo Mopenb. [lopucteiii caoit BB npepmonaraercs Hec:KuMaeMbIM
u HerxeOpPMUPYeMBIM, TedeHHE — OMHOMEPHBIM, ILIOCKOCHMMeTpudHbiM. Ocb
Z HAIpaBJIeHA BIOJb OCH TPyOBI, 3aIOJHEHHOW Ha BHICOTY H wHccienyeMbIM
BB. B savansHbiii moMeHT Bpemenu {=0 B miockoctn z =0 (mmEHmi 3a-
KPBITHIA Topen TpyObl) MHHIMUPYeTcsA mociaoiiHoe ropenue BB. Cropocrs per-
peccun U, sBasierca dysrnmeil masienusa B ouare. ['azooGpasHble IIPOLYK-
THI, HAKAIIUBAsACH BOJM3H IOBEPXHOCTH TOPEHHA, CO3JAIT IOBHIIICHHE JaB-
JeHHs. JTO BBI3BIBaeT (UIBTPANMIO TA30B II0 IIOpaM, ABM;KeHHe ciog BB
no Tpybe u BEIGpoc ero um3 TpyGhl. IlosocTe MesRAy HUMKHEM TOPHOM TpPYOHI
u croem BB, oOpasylomasca us-3a 9TOro [BHM3KeHHS, TaksKe 3alOJHIETCSH
ra3oo0pasHeIMH mpogykTaMu. PmisTpanysa rasos mo mopaM COIPOBOMKIAETCA
IpOrpeBoM M BOCIUIAMEHEHHEM IOBEPXHOCTH Iop. Bo3HHKaeT KOHBEKTHBHOE
ropeHNne, Pe3K0 yCKopsiolee Ta3000pasoBaHIe.

B pamkax ogHOMepHOW MOfeJH BINAHHe AMAMeTPa TPYObI HPOABIAETCA
TOJIBKO depe3 CHIY TpeHus, Koropas TopMo3ut BeiOpoc BB us 1py6er uaa
AMCIIEPCHBIX BeI[eCTB HPHHATO YYUTHIBATH JIBE COCTABISIONIME: CIJIY TPEHHSA
ABUKCHHA, NPONOPIUOHAILHY0 KBAjfpaTy MAacCOBOH CKODOCTH TedYeHHS Be-
mecTBa, U CHIYy TPEHHA MOKOS, KOTODAasA MPemATCTBYeT Hadaxy TedeHHS JO
TexX TOp, IOKA HAUpPs;KeHHe B ClIoe He NOCTUTHET HEKOTOPOM IIOpPOTOBOM Be-
amunaer p*. ocneguss Moiker OBITH OIEHEHA METOJaMH TEOPHH IpedenbHO-

HaIIPAKEHHOIO COCTOAHWA [5] ambo molaydeHa U3 He-
x 3aBHCHMBIX 9KCIIEPHMEHTOB.
Hasa onncanus duabrpanuu, Kak u B (4], mcmous-
30Bajack MBy4YrIeHHas QopMmyna OJpraHa. IoHBeKTHB-
HOE TOpeHre TPAKTOBAJOCh B COOTBETCTBUU ¢ YIpPOIeH-
HO#l Mojenblo, paccMoTpennoit B [6]. B aroit momenn
- YYTEHBI HEKOTOPBIe CBONCTBA BOJHEI KOHBEKTHBHOTO
KT TOPeHHsA, NPOABIAKIINECS TPH CKOPOCTAX TeUeHHA ra-

Puc. 5. CxeMa, MOACHAIIUAS TEOPETHIECKYIO MOJEIb.
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30B B IOpax, MHOr0 MeHBIINX CKOPOCTH 3BYKa (COOTBETCTBYIOIIMiL
JUama30H CKOPOCTeHl KOHBEKTHMBHOTO TOPeHHA — [0 HECKOJBKNX JecAT-
KOB MeTpoB B ceKyHay). Ilpmmem, uro ¢poHT BOCHJIAaMeHeHHS — 3TO
HOBEPXHOCTH, OTAEAAIIanA 30Hy (PuibTpammm, re TeMIepaTypa Ta30B paBHA
HagadbHOU TeMmmeparype 'y, OT 30HBI ropeHms, rjie TeMIeparypa rasa paBHA
KOHEYHOI TeMmneparype ropeurs 7. (3amMeTuM, 9TO HOCTENHAA MOMKET OBITH
ropasjo HU;Ke aaunadaTHUecKoil TeMmeparypel ropenms BB 3a cuer mepmoro-
paHmsA, TUIMYHOTO [JsI PaccMaTpuBaeMoOro YPOBHA J[aBIEHWiA) 9To ompas-
JaHHO, TAK KAK B paccMATPHBaeMBIX YCIOBHAX MIAPHHA 30HBLI NMPOrpeBa, pas-
MeljapIleiicas Me:KAy ABYMA YKa3aHHBIMH 30HAMH, NpeHeOpe:KMMo Maja IIo
CpPaBHEHHWIO ¢ umX pasMepamu. IToMuMo ckadka TeMmepaTypsl Ha (pPOHTE BOC-
IIJIAMEHEHNA TePIAT pa3phIB TaKKe IUIOTHOCTH M CKOPOCTh TEUYEHMA Tasa,
TOTla KaK [aBlleHNe cjJeBa ¥ CIpaBa oT (POHTA B JaHHOM HPHUOIMKCHUN
MOM{HO IPUHATH IIOCTOAHHEIM.

Jlamee, pacnpefeseHne [aBJeHUSA B 30HEe TOPEHUs U TMOJOCTH IIPHHATO
onuoponubiM. Pacrpemencnme faBieHnsa B 30He (UIBTpAaLMu oOIpefielisgercd
NpuGIM;KEeHHO M3 PelleHns YPaBHeHWiT (UMIBTPAuu MeTOROM WHTErpajbHBIX
cooTHomeHnA. [IJIA NPOCTPAHCTBEHHOW AaNIIPOKCHMANMKM BBHIOpaH NPoPmIb
TANA TOTPAHUYHOTO CJIOSA ¢ [ABYMA UPOU3BONBHBIMH (QYHKIUAMH BPEeMeHH.
Ha mpumepe pellleHus TecTOBOI 3afaum O HECTANUOHAPHOW (puiabTpammm ra-
3a B MONy0EeCKOHeUHBIA CIOW ¢ JaBleHMeM Ha TIPaHUIe, KOTOpoe 3aJaBajioch
am00 B BUE SKCIOHEHI[MANBHO BO3pAacTamolnei, mu00 HEMOHOTOHHO W3MeHH-
omeiics GYHRIMN BPCMeHH, ITOKA3aHO, 9TO MPUOIMKEeHHOE DeIllleHHe XOPOIo
coriacyerci ¢ IIOAYIeHHBIM JJd ypaBHeHHMd (DUIBTPANUU TUCIEHHBIM
METOJIOM.

CKOpOCTh KOHBEeKTHBHOrO ropeHusi W IpHHATA IPOIOPHUOHAIBHOMR CKO-
poctu razop U,, BTeKawIIWX M3 30HBl TOPeHHsA B 30HY (UIbTpanun [6, 7].
Koadumument mponopumonanbHocTn BEIogaer umeno Hycceabra Nu, rem-
HepaTypy rasos, BTekaommx B 1opsl, I, u Temneparypy 7., Hp:E KOTOpOi
BOCIIIaMeHseTcsl IOBepXHOCTh mmop. IlocieHAs BeJMUYHMHA CUHMTAeTCH KOH-
CTaHTOII, He 3aBHUcAMeil or ycaosuit Harpesa BB [4].

HouBexTnBHOE rOpeHme BO3HMKAET ¢ 3afePKKOIl, ompenensdeMOil mo Mo-
MeHTY [OCTHXEHHNA Ha IoBepXHocTH mop TeMmeparypsl T,. Bearnumna sajgepsx-
KU BHIUHCIAIACH OYTeM pellleHns YPABHEHUS TEINIOMPOBOAHOCTH [JIf OTHesb-
HBIX YacTHI[ C HCIOJb30BAHMEM MeTOJa HMHTETPANTBHBIX COOTHOIIeHHWiT. 3a
(hpeHTOM KOHBEKTHBHOTO ropeHusi dacTuusl BB ropar mo mnomxHo# mnoBepx-
HOCTH CO CKOPOCTBIO perpeccuu, paBHoit U,.

Ilpusenem cucreMy ompefensfomux ypapHenuit. Ilpm 0 < x < zp+ 2

[pr (xn + Canxr)] "= uppKSp + Upprs'rx.r - px(cpu(Ugy - W), (1)
- Vl'[v
0, <t
W =i o = {pUr/E’ 1>t (3)

pu 2, tr. <z<<L
dpg/0t - 9 (peUg)/0z = 0,
— 0pg/oz — GupUy/k + 1,17p, Us/(dnR Ty),
T =25+ Tt P = Po ()
z— L: py=pu Ugp=0.
HaganbHble yeamoBus:
=0 Za=Zur=Va=p—pu=ps— Pa=Uy=0.

3aechb t — BpeMs; HITPUX — MPOU3BONHASA 1[I0 BPEMEHU; Ty — pPasMep IOIOCTH;
Zywr — TONMMHA cia0g BB, 0XBaueHHOro KOHBEKTHBHBIM TFODEHHEM; Oy H Qp =
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P,aTM

Puc, 6. BiusiEue BBICOTHI CJIOA HA

IUHAMAKY W3MEHEHHsA MABICHUA B

ogare ropeausa (pacuer miasg Oazo-
BOTO BApWAaHTA).

—_— H, mM: 1--—220, 2—192,5, 3 — 185,86,

4 — 165, 5§ — 110.

= p/RT, — nuormoctn TBepuoii assr (mcxopmoro BB) m rasa (mpoayxros
TOpenms); p— JlaBleHue B 30He TOPeHHsA u Hoxoctu; py u Uy — nasienne
II CKOPOCTH TeUeHIs Ta30B B 30He (DMIBTPALNN, PaccMaTpuBaeMble Kak (PyHK-
nun z u t; U, = Bp"; @, — HaUaIbHasg MOPHCTOCTD; S, — Koaddumument, pas-
HEIl OTHOWIEHHIO CKOPOCTeil IIOCHIOWHOTO TOPeHHsAs IOPHCTCTO M CIIOLIHOTO
BB (® mamHBIX pacierax HCIOJL30BANCA B KA4eCTBe IOATOHOTHOTO Tapamer-
pa); A, =6(1— @u)/do — ymenbuaa nosepxuocTs dactuy BB; do — adpdex-
THBHELL guamerp uacrur, BB; H — seicora cioa BB; ¢; — rosddumuent tpe-
Hug gpmkenns caog BB o cremmm tpy6e; D m L — nmamerp m AJIHHA TPY-
6b1; k& — rosddunuentr raszompormiaemoctun ciaos BB; p — BA3KocTh X0I07-
HOTO Tasa; d; — AuaMerp mop; t, — BpeMsa 3aJePIRKN KOHBEKTUBHOrO TOPeHHS
(BBIUHMCIAETCA W3 PeIleHHs YPABHEHHs TEIUNIOMPOBONHOCTH MAJS YACTHI[; BHJ
VPaBHEHHII 1 TpaHUYHBIe YCIOBHA mpuBefensl B [4]); G — wroaddunuent,
yunTHIBAKIMUA yMenblienne Macckl BB mpm BeiGpoce ms tpyGer (om paBem 1,
noka &y, < L — H u (L—2)/H, ectu L— H<z. < L); Up=Ug(xr, t)T:/
/TH; E=47\kpkchRTr(Tn_TH)2/007\-rNu(T1‘_TB) (TI‘_TH)7 Nu=0,152-
'((PHd(JprUr/p«)O’B [6] .

Ha pmc. 6 B ®auecTBe mpuMepa UPUBECHBl Pe3YIHTATHl PacyeToB, IO-
JydeHHble TPH BapPLUPOBAHEE BEICOTH cioa BB nmxa Gasooro Bapmanra,
OTBEUAIIero 3epHeHoil HUTPORIeTuaTKe ¢ do = 0,8 mMMm. B a91mx pacuerax
T.=1600 K, p* (arm)=0,018H (mm)— 0,8, S, = 3,0, ¢, = 0,05, U, (cm/c)=
= (0,06p (arm), D = 20 MM, sHaueHHA OCTAILHBEIX BXOTHEIX MApaMeTpoB —
kak B [4]. OrMermm Xopolliee coriacue pacIeroB ¢ IIPUBECHHBIMHI BEIIIC
OKCIEPUMEHTAIbHBIMI TAHHBIME IO BHJY KPHUBBIX M HAJIMYNI0 EPHTHIECKOR
BBICOTHI CJIOf, PA3NENAONIeN ABa PEKIMa Pa3BUTHA TOPEHHA B ovare.

B rabGa. 2 mpuBenensl pacyeTHble JAHHBIE, WITIOCTPHPYIONNE TUHAMHKY
u3MeHeHHsI OCHOBHBIX IapaMeTPoB IIPOI(ecca TOPeHUs B odare HPH JBYX BBI-

Tabam ma 2

ycnol?é;;; pac- ¢, MC p, aTM g, MM | Vg, M/C | Xk p, MM W, M/c
0 i 0 0 0 0
14,5 2.3 0 0 0 0
21,3 2,8 1,5 2 0 0
1 23,1 3 15,5 3,8 0.22 0.24
25,0 6.4 | 25 7 1.6 2.6
25,4 13,3 28 10,8 4,7 20
257 | >100 — ~ = —
0 1 0 0 0 0
14,5 2,3 0 0 0 0
23,0 2,73 14 5 0 0
25,3 2,72 26,3 7.1 0 0
40,8 2,2 (Bri6poc BB uz tpyGni)

IIpuMey anne 3epHeHad HUTpOKJIerdarTka, do = 0,8 MM, Hh.p = 189 MM.
I — H=192,5 MM, {3 — 22 Mc, IIT'B;
II — H = 185,6 MM, ropesnune Ges IIT'B.
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Tabanma 3 Tabauma 4

dy, MM HKp, MM | Pgp, 4TM t3, MC - pr, MM Opua dy, MM
0,2 0,8

0,01 14,7 16 0,14

0,03 33 8 0,7

0,1 84 3.8 3.6 200 199 184

0,2 140 3,2 8,8 250 184 176

0,4 184 3.1 14,5

0,6 189 2,9 19,4 300 140 189

0,8 189 2,73 221

1,6 176 2,4 35,9 350 46 114

3,3 159 2.1 65 400 8,5 19

cotax caos BB — Gompruem m menbmem /1y, Pemaloumiee BiaunsgHme Ha pas-
BUTHe B3DPEIBA OKAa3BIBaeT CKOPOCTh pasrpyskm (pasbépoca BB) ma cragunm
3aposJeHHA KOHBCKTUBHOTO TOpPeHHs, Korga ckopocts W cocraBiageT He-
CKOEBKO CAHTHMETPOB B ceKyHAmy. IIpm ymenbnienunm [{ pasrpyska ycumimpa-
ercs, YCKOpPeHHe KOHBEKTHBHOTO TOPEHHS OTCYTCTBYeT U JaBlIeHHe B ovYare
NPOXOANT Yepe3 MaKCHMyM Ha yposae 2,73 atm.

B taba. 3 nokazaHo BIMAHWe pasMepa YacTUI[ HA KPHTHYECKHE YCJIO-
BHA DPa3BUTHA B3phBa. Bmpmo, uro B wmuTepsame pasmepor uacrun 0,6 —
=+ 3,3 MM 9T0 BIHAHHE OKa3ajoch CIAA0BIM, YTO COTrJIACYeTcs ¢ COOTBETCTBYIO-
UMY DKIePHMEeHTaIbHBIMI TaHHBIMU (cM. puc. 3). OpHako B obmactu MeHb-
OIIX pasMepoB, Ijle 3KCIepPHMEHT He IPOBOJAMICA, pacdyer MpelcKas3hBaeT
peskoe yMmenblieane H,.,. 910 o0bsicHseTcs ociaalieHHeM pas3rpys3KH odara
3a cuer ¢uabTpanuu. UTo KAcaeTCAa pPkp, TO pacder MPe[CKa3bIBAaeT yMEHBb-
Ienne dTOM BEJMYMHBI ¢ POCTOM pasMepa dYacTHIl, YTO TaKyKe HAbI0OmaeTcs
B 9KCIIEPIMEHTAX.

W3 ppyrux sasucmMocTeil, H3y4eHHBLIX IapaMeTPHYECKH, PAaCCMOTPUM
BIAMSHIIE KOHCTAHTHI CKOPOCTH TOCIOWHOTO Topenms B m HavanabHOR TeMIre-
parypst T, Hak morasamm pacuersl, Ipu yMeHbIneHHH B BBOE, uTO MOJe-
JAHpyeT BBeleHMEe OOBIYHOTO WHTHOMTOPA TOPEHNA HUTPOKJAETYATKHN, BEAUTIMHA
H,, TmouTH He W3MeHseTcA MPH pasMepe wacTtur] cBoire 0,2 MM, HO OKasbl-
BaeTcs CyllecTBeHHO Goabllieil (B Tpm m Gosee pas) B caydae 9acTHI[ MEHbB-
mrero pasamcpa. B pacuerax mo BamsHHio I’y HCTOJIB30BAINCHL JAHHBIE 110 TEM-
ImepaTypHOMY K03(PPuIMEeHTy cKopocTu ropeHus mnopoxa H, BasarTeie us pa-
Gorel [8]. Hak BugHo m3 taba. 4, pacuer [al HEOKHTAHHYI0 KAPTHHY: eclId
B ofJacTH IMOBBIIIEHHBIX TEMIIEPATyp HAGMIONaeTcsa ecTeCTBeHHOe YMEHBIICHHE
H,, npun ysenuuenun Ty, TO B 00JacTH IOHUKEHHBLIX TeMIepaTyp BIHAHIE
T. pesxo ocaabasgerca. B Gmuskaiiliee BpemMsa 5TH pesydbTaThl OYAYT IpoO-
BepeHBI HKCIMEPUMEHT AIBHO.

Buisont

OramunrenbHas 0COGEHHOCTH ABAPUIHBIX B3PHIBOB, NPOHCXOOALIAX IIPU
o0paiieHnn ¢ GoJpIMUME Maccamu gucnepcubsix BB, cocrour B ToM, @ro pas-
BHTHe TOPeHHs B odYare ysKe HA HAYAJBHBIX CTAfHAX B3PBIBHOTO IIpoIecca
HCIBITHIBAET CHJABHOE BO3[EHCTBHE pPAa3TPYy3KH, BHIBBAHHOH pasieToM CJI0eB
BB, orpysatomux ouar. C HDOMOIIBI0 MOTENBLHOrO IOAXO0MA, BOCIPOHM3BOMA-
I1ero 3Ty OCOGEHHOCTH W IOJYYUBINET0 HA3BAHUIE METOJ KPHTHYECKOH BBHICO-
TBHL CJI0s, IPOBeleHO cHucTeMaTHuecKoe mM3ydeHWe Kpuruueckux ycmaosuii IIT'B
nnsa pajga tunudesix BB B tpy6ax passnoro gmaMerpa. Ilapamerpsi, msmepse-
Mble B KPHTHYECKHX YCJIOBHSX, MOTYT HAHWTH NpuMeHeHHe IJA peajucTmIde-
ckoit omenkn ckaoHoctm BB k IIT'B. Cosgama m npoBepeda mocpencrBoM
CPaBHEHHS ¢ SKCIePHIMeHTAJbHBIMH JAaHHBIME MaTeMAaTHIECKasds MOMENb IPO-
Iecca, B KOTOPOH YYTEHBI mMepeXofl OT MOCIOIIHOr0 ropeHud B odare K KOH-
BEKTHBHOMY TOpPEHHI0 W 3(PQeKTHl, CBA3AHHBIE ¢ PasrpysKoil ouara.
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VIK 622.235
A. Il. Bopouun, B. H. Kanuwnoc, C. A. Kpeues, B. H. Munees

0 ®PU3NYECKOM MEXAHU3ME I'EHEPAIINN
JIEKTPOMATHUTHOIO I10J1A
ITPU B3PBIBE 3APAIOB KOHAEHCIPOBAHHOI'O BB.
OB30P JUTEPATYPbBI

WccaemoBanusaM TIPOI[eCCOB, COMPOBOMK/AIONIMX B3PHIBEL TBepAbix BB
(rmaBHBIM 06pa3’oM ra3oAMHAMMYECKAX MpOIECCOB), MOCBAIIEHO GoJbIIoe
THCI0 DKCIMEePUMEHTANbHBIX M TeopermiecKux pabor. B To e BpeMa saB-
JIeHHA, CBA3AHHBIE ¢ BO3HHKHOBEHHMEM 3JJEKTPOMATHUTHBIX BO3MYHIEHHH IIpPH
B3pbIBax TBep/bix BB, usyuens ciaado.

lenepanusa 5JeKTPOMATHUTHOTO IIOJA B3PBIBAME, MO-BUAMMOMY, BIIePBHIE
omumcana B [1] u B madbpHellleM H3ydajach IKCIIEPHMEHTATHHO W TEOPETH-
geckn B paborax [1—16]. Ilpm wmccaemoBanmm pacmpocTpaHeHHs YJapHBIX
BoaH (¥YB) B TBepApIX Tesax miA NMOJYYEHHUS YNAPHBIX HMMYJbCOB MCIIOJb-
30BaJINCh B3PHIBEL HeGonpinnx koiamdects BB [1], mpu stom saperumcrpupo-
BAHBI JJEKTPHIECKUE TIOMEXW, [JIA W3Yy9IeHHA KOTOPHIX IOCTABIEHBI MOIOJ-
HATeNbHBIC IKCIEPUMEHTHI 10 HU3YYEHHI0 BJIEKTPOMATHUTHBIX BO3MYIIeHWH
B3pHIBA.

B kadecTBe TpPHMEMHBIX WMCMOJB30BAJINCH INTHIPEBbIE AHTEHHBI JITMHON
I, — 10 cum. 3apangsl u3 asuga CBHHIA, TPUUOTUCTOBOXOPOJHOTO a30Ta W JIpY-
rux BB moapeiBasmcs Ha MeTaIMYECKHX W AUSJERTpHIecKux mautax. Bo
BCeX OIBITaX HAGIIONAJCA DNEKTPUIECKUN MMIYJIbC [JIUTEIBHOCTHIO HECKOIB-
KO MHUKDOCEKYH/T ¢ MaKCHMyMOM, BO3HHKAwIuM depe3d 50 MKC mocie B3PHI-
Ba BB. Aprop cumraer, uro mHambojee BeposaTHoe oOnsacHenme 3dderra co-
CTOUT B caefylomeM. [Ipm B3pbiBe o6pasyercs HMOHWSHPOBAHHEIN CJOH BO3-
nyxa 3a ¢gpoutoM YDB, B KoTOpOM H3-3a PasnWdHON MOABH;KHOCTH 3JIEKTPO-
HOB W HMOHOB Da3eisAlOTCA 3apafbl, 9TO0 NMPHUBOAUT K 0OPA3OBAHUIO HEKOTO-
poro 3d(eKTHBHOTO BDJIEKTpUUecKOoTo MumoiadA. llpm yBenmuenumm pagmyca
¢dporra YB um mocaemymoiieit pekoMOumHAmME 3apALOB M3MEHAETCSA DJIIEKTPH-
9eCKHUil MOMEHT JAHIIOJA W IOABIAETCA IOJe BO BHEIIHEH o0JgacTum B3PhIBA.

B [2] ofuapy:eHo m mceaeqoBaHO KOPOTKOBOJHOBOE PaJMOM3IydeHie,
Bo3HHKarmlee npu B3peiBax BB B Bo3ayxe. OHOo permecTpupoBaoch HA 9aCTO-
rax 3300, 190, 90, 14, 6 MI'm m ma Bumgeowacrorax <1 MTIm. WaMmepenus
Ha Bcex uacrorax (kpome 3300 MT'1) mpoBopmuaumcs amTemnamu ¢ I, = 50 =
=+ 160 cm. Ha wacrore 3300 MI'm mpuMeHsjack pymopHasg aHTeHHa. AHTeH-
HBl pacnosaranuck Ha paccrogsamm 10—200 cm or B3priBa. B kauectse BB
ucnonb3oBanu asuj csuHIa Maccoit or 0,1 mo 0,4 r, KoTopwli pasMemaian
Ha JlepeBAHHOM oOcHOBaHuMmM Ha BbicoTe 30 cM oT OeToHHOro moja. Makcu-
MaJbHOe 3Ha4YeHWe AMILIHTYAbI PANHOM3JIyYeHHA Ha paccrosHmn ~40 cMm oT
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